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Chapter 1: Chemical Kinetics 
[11.1]    

i. The rate of a chemical reaction is defined as the change in concentration for a given time period. 
Units are moldm-3s-1. 

ii.   
 
 
 
 
 

iii. Order with respect to a substance in a rate equation is a number that relates the rate of a 
chemical reaction with the concentrations of the reacting substances:  

iv. Overall order of a reaction is the sum of all the exponents of the terms expressing concentrations 
of the molecules or atoms determining the rate of the reaction. 

v. The rate constant is defined as the proportionality constant which explains the relationship between 
the molar concentration of the reactants and the rate of a chemical reaction. 

vi. Half-life of a chemical reaction is expressed as the time taken to reduce the concentration of the 
reactant to its half of its initial value. That is not affected by the pressure, temperature or the 
initial concentration. For the 1st order, half-life will be a constant value and the 2nd order, the half-
life will double.  

vii. Rate determining step is the slowest step that has the highest activation energy and that is the 
activation energy for the overall reaction as well. Therefore, the reactants in the rate determining 
step is ONLY used to write the rate equation. 

viii. Activation energy is the minimum energy that colliding particles must possess for a reaction to 
occur. 

ix. Homogeneous catalyst is a catalyst in the same phase. Heterogeneous catalyst is a catalyst of a 
different phase. 

[11.2]   This should be practiced by doing past papers. Some examples of past paper questions are 
available in the topic wise tutes.   

[11.3]    

I. Tritration 
If the reaction is an acid- base reaction or redox reaction, a titration can be used to measure the 
remaining concentration of reactant. 
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If it is an acid- base reaction, an indicator is also used to measure the rate of reaction.   
II. Colorimetry 

Is the reactant or a product has a colour, colourimetry can be used to measure the colour intensity. 
Colourimeter is used for that and if the colour intensity increases, it is predicted that the 
concentration of the particular substance also increases.  
  I2  +  2Na2S2O3 2NaI  +  Na2S4O6 
I2 is brown in colour whereas I- is colourless so the colour intensity of I2 will reduce with time. 

III. Mass change 
IV. Volume of gas evolved  

[1] by using a gas syringe               [2] over water (Soluble gases like CO2 cannot be used 
 
 
 
 
 
 
Measurements of the gas can also be taken in two ways; 
[1] measuring the volume produced for a given time period  
[2] measuring the time required to produce a certain volume of the gas. 
 
Temperature is maintained constant using a water bath. 
 

V. Other suitable techniques 
[1] pH measurement  
If the reactant or a product has an acid or base, the pH measurement can be used to 
measure the rate of the reaction. 
CH3CH2Cl  +  NaOH  CH3CH2OH  +  NaCl 
NaOH is alkaline so when the NaOH is used up, the pH value will decrease. 
 
[2] Conductometry 
Measuring the conductance of the medium. If there is an ionic equation. 
 
[3] Measuring the mass of the precipitate formed. 
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[11.4]   

Continuous method (Samples are being taken by quenching the reaction by using an ice water bath or a 
solution like Sodium hydrogen carbonate) 

Sampling method (Remember is the measurement can be done without the sampling, it would be the best 
way to measure the rate. 

[11.5] 

Order Rate- concentration graph Concentration- time graph 
1st 

 

 

2nd  
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

Rate is rapidly increasing when 
concentration increases, but 
gradient would rapidly, decreases 
with time. 
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0th 
  

 

[11.6]   These should practice using past papers. 

[11.7]   The rate equation contains elements that is only present in the rate determining step. 

[11.8]   This should be practiced using past papers. 

[11.9]     Rate = k [C4H9Cl][OH-] 

As the halogenoalkane and nucleophile come to the rate equation, the reaction is said 
to be a single step reaction. Therefore, both halogenoalkane and the nucleophile 
should be present in the rate determining step, that is in the mechanism. As both of 
them are involved, the mechanism is called as the SN2. In the mechanism, always the 
OH- (nucleophile) attacks to the side opposite to the halogen atom and produces a 
transition state at which the halogen atom and the OH group are connected to the 
carbon atom through dotted lines with 180° angle. When the C-Cl bond is broken in 
the transition state to give the final product at which now the OH group is connected 
to the carbon atom exactly opposite to the halogen atom. 
 
 
 
 
 
 
The SN2 mechanism produces a stereospecific product.  
Rate= k [C4H9Cl] 
If the halogenoalkane is tertiary, only the halogenoalkane comes for the rate 
expression, which means only the halogenoalkane is present in the rate determining 
step.  
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In the rate determining step halogenoalkane produces the carbocation and that is the 
slowest step. In the 2nd step, the OH- group will attach to the carbocation to give the 
final product. If the halogenoalkane is tertiary, the OH group can attach either to the 
same side or into the different side of the halogenoalkane. 
 
 
 
 
 
 

[11.10]     K= A.e-EA/RT 

                   K= rate constant  
                   A= Arrhenius constant 
                   EA= activation energy 
                   R= Gas constant (8.31Jmol-1k-1) 
                   T= Temperature in Kelvin 

 

 Usually in the exam, they will give data for you to draw a 
graph of lnk against 1/T. Then you have to find the activation energy. 
To find the activation energy, you need to first find the gradient of the 
line and substitute.  

 
 
 
 
 

[11.11]   This theory is often used to explain the way that a heterogeneous catalyst works. It usually 
considered as having 3 steps: 

[1] adsorption, in which one or more reactants become attached to the surface of the catalyst. 

[2] reaction, following the weakened of bonds in the adsorbed reactants. 

[3] desorption, in which the reaction product becomes detached from the surface of the catalyst. 
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Chapter 2: Entropy and Energetics 
[12.1]   Not only the movement of the products can affect the total reaction but also the enthalpy change 
can also be responsible for the movement of the particle. This is because, if the reaction is exothermic, the 
release energy from the reaction can be used for the movement of the particle and hence the entropy 
change would increase. Similarly, if the reaction is endothermic, the temperature drop of the chemical 
reaction will decrease the energy of the particle. Hence, the entropy would decrease. 

[12.2]   Entropy is a property of matter that is associated with the degree of disorder or randomness.  

[12.3]   The entropy increases from solid to liquid to gases. Therefore, when solid or a liquid produces a 
gas, entropy increases. So entropy will be positive. (opposite happens when a gas or liquid produces a 
solid). A perfect crystal is one in which the internal lattice structure is same at all time. Particles are 
fixed. 3rd law of thermodynamics states that the entropy of perfect crystal at the temperature of absolute 
zero is zero.  

[12.4]   Since, gases have the highest entropy and solids have the lowest entropy. So, in a reaction, when 
a gas reactant converts into a solid product, entropy decreases. Also, when a liquid reactant converts into 
a gaseous product, entropy increases. 

[12.5]    

Entropy increases in the order from solid to liquid to gases. 

When dissolving an ionic solid in water, the lattice structure is broken down and the ions become hydrated. 

When the number of moles increases from reactant to products, the number of particles increases so the 
number of ways that particles are arranged increases. So, the entropy change of system increases. 

[12.6]    

 

[12.7] 

 

[12.8]  

 

     

[12.9],[12.10]   If a reaction is thermodynamically feasible, total entropy change should be positive. For 
total entropy change to be positive, there are 3 ways:  
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If entropy change of system is positive, while the entropy change of surrounding is negative, the magnitude 
of entropy change of system should be greater than entropy change of surrounding. 

OR 

If entropy change of surrounding is positive, while the entropy change of system is negative, the magnitude 
of entropy change of surrounding should be greater than entropy change of system. 

OR 

Both entropy change of system and entropy change of surrounding is positive. 

Furthermore, in an endothermic reaction, the entropy change of surrounding would be negative. Because 
the reaction for entropy change of surrounding is: 

Opposite is with exothermic reactions. 

 

[12.11]   Thermodynamically stable reactions are the reactions which do not have a positive total entropy 
change due to the endothermic enthalpy change. Some reactions have a positive total entropy change but 
the reaction is not thermodynamically feasible. These reactions have a very high activation energy. These 
reactions are called as Kinetically inert or kinetically stable chemical reaction. 

[12.12]   Enthalpy change of atomisation is the enthalpy change when one mole of gaseous atom is produce 
from a substance.  

 

Electron affinity of an atom is defined as the amount of energy released when an electron is attracted to a 
neutral atom or molecule in the gaseous state to form a negative ion.  

Lattice energy is defined as the enthalpy change when one mole of ionic solid is formed from its gaseous 
ions. 

Eg; Na+
(g) +  Cl-(g) NaCl(s) 

[12.13]   This can be practiced by doing the question wise tutes. 

[12.14], [12.15]  Even though it is assumed that all the ionic compounds are perfectly spherical ions, the 
cation with high polarisation power can make the cation to polarise the anion making them deviating from 
the ionic nature and to have some covalent nature. If an ionic compound has some covalent nature, the idea 
of lattice energy cannot be applied perfectly. The lattice energy values are calculated using experimental 
value (Born Haber cycle) using theoretical value (Coulum’s Law) but if a compound have covalent nature, 
the theoretical and experimental value would be different. Larger the difference means higher covalent 
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nature. Whatever the method is used, lattice enthalpy value will have higher positive and higher negative 
charge (due to the greater electrostatic attraction). 

[12.16]   Hydration enthalpy is the enthalpy change when gaseous ion is dissolved in excess water to give 
the aqueous ion. Hydration enthalpy is exothermic.  

Eg; Na+
(aq)  +H2O Na+

(aq)  

Solution enthalpy is the enthalpy change when one mole of ionic solid is dissolved in excess water to form 
aqueous ions. To measure this solution enthalpy, Hess cycle is used along with lattice enthalpy and 
hydration enthalpy. 

Eg; NaCl(s) Na+
(aq) +  Cl-(aq) 

[12.17] This can be practiced by doing the question wise tutes. 

[12.18]   Stronger the electrostatic attractive forces between the anion and cation, larger the negative 
value for the lattice energy and polarisation is increased by high charge and small size of cation or high 
charge and large size anion. 

[12.19]    Solubility of group 2 metal hydroxide                 

                             Standard enthalpy change of solution becomes more negative down the group. 
This favours solubility, as entropy change of surrounding becomes more positive. 
Values of the entropies of the hydrated cations becomes less negative and this also 
favours solubility. 
As both factors favour an increase in solubility, the metal hydroxide becomes more 
soluble as you go down the group. 

Solubility of group 2 metal sulphates.  

Standard enthalpy change of solution becomes less negative down the group. This 
favours insolubility as entropy change of surrounding becomes less positive. 
Values of the entropy of the hydrated cation becomes less negative and this favours 
solubility. Overall decrease in entropy change of surrounding, down the group is 
368JK-1mol-1. 
Overall increase in the standard entropy change of the hydrated cation is          
148JK-1mol-1. 
As the decrease in the standard entropy of the hydrated cations is much less than 
the increase in the entropy of the surrounding the group 2 metal sulphate becomes 
less soluble as you go down the group. 
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Chapter 3: Chemical Equilibria 
[13.1], [13.2]   Equilibrium constant are derived for the pressure and concentration. Pressure can be 
applied to any reactant or product in gaseous state ONLY. The concentration can be applied for anything in 
gaseous or liquid state. Neither pressure nor concentration can be applied for the solid state substances as 
it is assumed that pressure and concentration is constant for a solid substance and it will not be changed 
with the change of temperature, pressure or concentration. 

 

 

 

 

    

[13.3]   This can be practiced by doing the question wise tutes. 

[13.4]   TEMPERATURE IS THE ONLY FACTOR THAT CAN AFFECT KC OR KP. 

i. The effect of concentration 
The usual idea is when the concentration of reactant is increased, reaction 
goes to the forward direction and when the concentration of product is 
increased, reaction goes to the backward reaction. This can be done by 
adding a different substance to the reaction mixture so that it can react with 
either reactants or products.  
Ex; An equilibrium mixture chromate (CrO4

2-) and dichromate (Cr2O7
2-) 

present in a beaker with an appearance of orange colour. Predict the 
appearance when some aqueous NaOH is added. 
  2CrO4

2-  +  2H+ Cr2O7
2-  +  H2O 

   Yellow                                  orange  
When NaOH is added, it reacts with the H+ ions and removes the H+ from the 
medium. To increase the H+ ion concentration, the equilibrium will shift to the 
backward, so the colour will turn yellow. 
 

ii. The effect of pressure 
The effect pf pressure can only appear for the gaseous particles. When 
pressure is increased, reaction tries to decrease the pressure by shifting 
towards the side with less number of particles. 
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Ex; the equilibrium mixture of NO2 gas and N2O4 gas is present in a solid 
container and the appearance is Brown in colour. Explain fully what will 
happen if pressure is increased. 
  2NO2(g)   N2O4 
First the appearance would be intense brown as the particle comes close to 
each other. Then it slowly tends to become paler in colour as the equilibrium 
shifts to the side with less number of particles to decrease the pressure. 

iii. The effect of Temperature 
Always the enthalpy change is given for the forward reaction of the 
equilibrium so that it can be used to predict whether the temperature is 
increased or decreased to the forward direction.  
Ex; consider the gas chamber which is in equilibrium with NO2 and N2O4. 
Initally, the gas chamber is brown in colour and what will happen if it is placed 
into water bath at 70°C? 
   2NO2(g)   N2O4               H= -58kJmol-1 
The reaction tries to decrease the temperature so it shifts to the left hand 
side producing more intense brown colour. All the above changes give a 
qualitative idea about the equilibrium system but to measure them 
quantitatively the idea of equilibrium constants are used. 

[13.5]   TEMPERTURE IS THE ONLY FACTOR THAT AFFECTS KC OR KP. 

[13.6]    

Thermicity of Reaction Increase in 
temperature  

Decrease in 
temperature 

Exothermic K decreases K increases 
Endothermic  K increases K decreases  

[13.7]   If the KC or Kp increases, it suggests that the reaction goes to the forward direction. 

[13.8]   When temperature increases, particles gain more kinetic energy so they disperse in all directions. 
Due to this the degree of randomness increases. So, this means total change of entropy increases.  

R is a constant which is 8.31JK-1mol-1. 

K is either KC or Kp 

 

[13.9]   Total entropy change is directly proportional to lnk. 
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Chapter 4: Acid Base Equilibria 
[14.1]   According to this theory, any substance which donates H+ ions (protons) to the medium is an acid 
and any substances which can accept protons from a medium is a base. According to the Bronsted Lowry 
theory, once the acid donates protons, it has basic properties so the obtained substances is called as the 
conjugate base of the acid. Similarly, once the base accepts a proton it has acidic properties so that it is 
called as conjugate acid.  

[14.2]   Eg: 

 

 

      

 

[14.3], [14.4], [14.5]   The H+ concentration of aqueous solution can be varied from 10 to 10-10moldm-3. 
This is a very large range so that to simplify it, the idea of pH was introduced. According to that, pH is 
defined as follows;  

 

   

    

 

 

 

[14.6]   Strong acid completely ionizes so their initial concentration is usually equal to the H+ 
concentration. 

Weak acids are defined as the substance or species that ionise incompletely or partially to produce or 
donate protons. Usually carboxylic acids are weak acids. 

[14.7]   pH= -log10[H+] 

eg; Find the pH of 0.5moldm-3 of HCl solution. 
HCl(aq) H+

(aq)
 +  Cl-(aq) 

pH= -log10[H+] 
pH= -log10[0.5]= 0.3010. 
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[14.8], [14.9]   The concentration of H+ of a weak acid depends on its ionisation constant, Ka and its 
initial concentration. For a weak acid, its initial concentration is written as follows;  

CH3COOH(aq) + H2O                             CH3COO-
(aq)

  +  H3O+
(aq) 

pH= -log10[H+] 
[14.10]   Usually, the pH of distilled water is said 
to be pH 7, but it always depends on 
temperature. When temperature increases, the 
pH of distilled water decreases. According to this 
example, at higher temperatures, the neutral pH 
value of distilled water decreases to pH 6. So 
more than pH 6 means alkaline and less than pH 
6 means acid. So at 80°C, pH 7 of distilled water 
is alkaline. 

 

       

       

 

[14.11]   pH= 14-(-log10[OH-]     OR   pH= 14 + log10[OH-] 

Eg; Find the pH of 0.8moldm-3 of NaOH solution. 
METHOD 1 
NaOH Na+  +  OH- 
POH = -log[OH] 
POH = -log[0.8] 
POH = 0.097 
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pH= 14 - pOH = 14 – 0.097 
pH= 13.903 
METHOD 2 
Kw= [H+] [OH-] 
1x10-14 = [H+] x 0.8 
[H+] = (1x10-14/0.8)=  1.25x10-14 

pH= -log10[1.25x 10-14] 
pH= 13.903 
(the pH value can be more than 14. Usually, pH range should be 0-14 but it 
can be from -1 to 15 as well)  

[14.12]    

 

 

 

 

[14.13]   This can be practiced by doing the question wise tutes. 

[14.14]   This can be practiced by doing the question wise tutes. 

[14.15]   This can be practiced by doing the question wise tutes. 

[14.16]   Indicators are also either weak acid or weak base. The main property the indicator has is that it 
can change its colour depending whether the indicator is ionised or not. Consider the ionisation of an 
indicator HIn. 

HIn(aq)  +  H2O(l) In-
(aq)  +  H3O+

(aq) 

COLOUR A                        COLOUR B 

If the indicator is added into an acid, COLOUR A would be seen. As the equilibrium of the indicator is 
shifted backwards due to the presence of H3O+ ions. 

When the indicator is used for titration, the indicator might get ionised before the titration is completed 
and gives its colour change. Therefore, any indicator cannot be used for any titration. So the main 
requirement for an indicator to be used in a titration is that the indicator changes its colour only at the 
dramatic pH change of the titration (at the end point). 
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[14.17]   Buffer solutions is defined as a solution which resist to change its pH due to the addition of 
small amount of acid and small amount of base. The common buffer solution is blood. Other  

than that solutions which have; 
[1] weak acids and its conjugate base 
[2] weak base and its conjugate acid 
[3] amino acids and proteins 

[14.18]    

i. Buffer solution of weak acid and conjugate base 
A mixture of weak acid and its Sodium or Potassium salt can act as a acidic 
buffer solution. Examples like ethanoic acid and sodium ethanoate or a 
mixture of Methanoic acid and sodium Methanoate. 
These mixtures can be obtained;  
[1] by adding them separately  
[2] by adding a base into a weak acid so that acid remains in excess. 
The buffer activity of these solutions can be expressed as follows; 
Consider a mixture of ethanoic acid and Sodium ethanoate. Always the Sodium 
salt of the acid completely ionise to produce the conjugate base and due to 
the presence of the complete ionisation of the salt, the ionisation of the weak 
acid is negligible. 
CH3COO-Na+                    CH3COO-  +  Na+ 
CH3COOH + H2O CH3COO-  +  H3O+        (almost negligible) 
If H+ is added from the outside, the conjugate base can react with it. 
H+ + CH3COO-      CH3COOH 
As long as the conjugate base is present, the pH of the solution does not 
change its pH due to the addition of an acid. 
If OH- (base) is added from the outside, the weak acid can react with it. 
CH3COOH + OH-                             CH3COO- + H2O 
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As long as the weak acid is present, pH of the solution does not change due 
to the addition of OH-. The ratio between conjugate base to weak acid does 
not change significantly. Therefore, pH does not change. 

Considering on how acid buffer is formed, the equation use can be slightly 
rearranged as follows; 
[1] if the buffer solution is formed by adding base. 
 
 
 
 
 
 
[2] if the buffer solution is formed by mixing acid and its salt separately.  
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ii. Buffer solution of weak base and conjugated acid (Basic buffer)  
When a weak base is mixed with its salt, a basic buffer is formed. The most 
common basic buffer is mixture of ammonium hydroxide and its salt. 
The buffer activity of basic buffer solution could be explained as follows; 
Consider the buffer solution of ammonium hydroxide and ammonium chloride 
mixture;  
[1] salt ionises completely   
NH4Cl NH4

+ + Cl- 
[2] Ionisation of weak base is almost negligible 
NH4OH  NH4

+  +  OH- 
[3] when small amount of acid is added 
H+ + NH4OH   NH4

+ + H2O 
[4] When small amount of base is added. 
OH- + NH4

+  NH4OH 
[5] the ratio of NH4

+ to NH4OH will remain almost constant so that the 
solution mixture can act as a buffer solution. 
Finding pH of a basic buffer solution 

 
 
 
 

[1] if the buffer solution is formed by adding a strong acid into a weak base. 
 
 
 
 
 
[2] If the buffer solution is formed by mixing weak base and its salt 
separately. 
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[14.19]   This can be practiced by doing the question wise tutes. 

[14.20]   This can be practiced by doing the question wise tutes. 

[14.21]    

This is an example of a strong base and weak acid. 
Suppose 25cm-3 of 0.2moldm-3 CH3COOH (ethanoic acid) is titrated with 0.2moldm-3 NaOH. 
(Ka= 1.7x10-5). Find the pH of the following NaOH volumes: 
Before addition of NaOH 
At 10cm-3 of NaOH 
At 25cm-3 (endpoint, concentrations are the same) 
At 30cm-3 
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When a weak acid is added into a strong base. 
Even though, still its strong base, weak acid titration, the way the pH its calculated depends 
on the acid or base present in excess. When the weak acid is added to the strong base, only 
after the end point, the excess weak acid starts to remain so that now the buffer region 
starts after the end point. Before the endpoint, always pH is calculated using the excess 
NaOH concentration. Therefore, comparatively the way of finding pH differs as follows: 
When 0.1moldm-3 of NaOH is added into 25cm3 of CH3COOH of 0.1moldm-3 
Volume of NaOH (cm3) pH of the medium 
0.00 [H3O+]= (Ka x C)0.5 
10.00 pH= using buffer solution 
12.50 pH= pka (at half equ point) 
25.00 End point pH will be approx. 8.5 
30.00 Excess NaOH remaining  

[OH-]= excess NaOH/Total volume 
 

When 0.1moldm-3 of CH3COOH is added into 25cm3 of NaOH of 0.1moldm-3 
Volume of NaOH (cm3) pH of the medium 
0.00 NaOH                  Na+  +  OH- 

Therefore pOH= 1          pH=13 

10.00 Excess NaOH is present 
[OH-]= remaining NaOH/Total volume 

12.50 Excess NaOH is present 
[OH-]= remaining NaOH/Total volume 

25.00 End= pH approx. 8.5 
30.00 pH= using buffer solution 
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Strong acid and weak base. 
[1] Addition of strong acid into weak base 
[2] addition of weak base into strong acid 
These 2 types are almost similar to the previous 2 types discuss with strong base and weak 
acid. 
[1] Addition of strong acid into weak base 
In this, till the end point, pH is calculated using the buffer solutions 
[OH-]= Kb x [base remaining]/[acid added] 
At the end point, pH would be around 4 and after the end point, pH is calculated using 
excess concentration of strong acid. 
[2] addition of weak base into strong acid 
Till the endpoint, pH is calculated using the excess amount remained of the strong acid.  
At the end point, it would be same as earlier (pH around 4) and after the end point pH is 
calculated using the buffer solution. 

[14.22]   Controlling the pH of blood   

Human body works within a narrow range of pH values. pH of the blood in 
cells is controlled by a mixture of buffers. Most important buffer mixture is 
Carbonic acid- hydrogen carbonate. 
H2CO3(aq)  HCO3

-
(aq)  + H+

(aq) 
Under normal circumstances, amount of HCO3

- is approx. 20x that of H2CO3 
because normal metabolism produces more acids than bases, this is 
consistent with the needs of the body. The H+ concentration increases due to 
lactic acid in the muscles (pH decreases) 
Variety of respiratory and metabolic factors are available like when overuse 
of diuretics increases, the amount of urine increases and if the urine in acids 
increases the pH increases. 
H2CO3 is not stable so 
H2CO3(aq)   CO2(aq)  +  H2O(aq) 

CO2(g) CO2(aq) 
CO2(g)  +  H2O(aq)           CO2(aq) + H2O(aq)  H2CO3(aq)         HCO3

-
(aq)+ H+

(aq) 

When equilibrium shift to left as a result of an increase in H+ ion 
concentration, the concentration of CO2 in the blood increases. The CO2 leaves 
the blood in the lungs and is then exhaled, thus maintaining the normal pH of 
blood.  
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Buffers in food 

Combination of various factors such as light, O2, heat, humidity, many kinds 
of microorganism, can spoil food. 
Spoilage of food by microorganism depends greatly on the pH value of food. 
Most bacteria can survive at a pH value as low as 4.4 and as high as 9.0. 
Only specialised bacteria can survive outside this range. Other important 
factors in spoilage of food is its buffer capacity. (a measure of the amount of 
acid or base required to change significantly the pH of food or of a solution of 
an acid and a base)  
When protein increases, the buffer capacity increases (amino ad have both 
acidic and basic property) means it takes longer for the pH of the food to 
change enough for the bacteria to start multiply. 
Bacteria and moulds produce waste products that acts as a poisons or toxins 
causing ill effects. 
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Chapter 5: Organic Chemistry 
[15.1], [15.2], [15.3], [15.4]   To have optical isomers, molecule should have 4 different functional 
groups or atoms attached around a carbon atom. A carbon atom with 4 different groups is chiral carbon or 
asymmetric carbon or chiral centre. 

If a molecule has a chiral centre, then it can exist as optical isomers- each one is known as enantiomer. 
Enantiomer is an isomer that are related as object and mirror image. Enantiomers have an equal but 
opposite effect on the plane of plane polarised light. The two enantiomers should not be superimposable 
with each other. 

Racemic mixture is an equimolar mixture of two enantiomers that has no optical activity. Only the 
difference in the two isomers (enantiomers) are that they can rotate the plain of polarised light into 
different directions. It is important to synthesis one isomer only through a chemical reaction because the 
other isomer can have negative effect and more dosages are required for a certain treatment. 

Optical activity is a substance showing activity if it rotates the plane of polarisation of plane polarised light. 
Plane polarised light is monochromatic light that has oscillations in only one plane. 

[15.5] 

In Sn1 mechanism 
The optical activity of the product is different from that of the reactant. 
Whether the reactant is dextrorotatory or laevorotary, the product has NO optical 
activity. This is because in Sn1 mechanism, a carbo cation is formed so the nucleophile 
can attack the carbocation from either behind or above the plane as a carbocation has a 
trigonal planar shape, so a racemic mixture is formed therefore product has no optical 
activity.  
In Sn2 mechanism 
Optical activity of the product is different from that of the reactant. If the reactant is 
dextrorotatory, the product will be laevorotary. So by measuring the optical activity of 
the original halogenoalkane and the alcohol formed, it can decide if the reaction that has 
occurred is by Sn2 mechanism. This is mainly because no racemic mixture is formed, 
therefore there is optical activity.  

[15.6]    
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[15.7]   Aldehydes and Ketones contain the polar C=O group and so have permanent dipole- dipole 
interactions as well as London forces. Yet, there are no hydrogen bonds. 

 Lower (shorter chain) aldehydes and ketones are soluble in water because they can FORM hydrogen 
bonds. Solubility of aldehydes and ketones decreases with increasing chain length. 

[15.8] 

i. [1] Reactions with LiAlH4 

This is a type of a nucleophilic addition reaction. 
Nucleophile can attack a positive charge carbonyl carbon.  
The reagents are Lithiumtetrahydrioaluminate (iii)vin DRY ETHER (Don’t forget to 
mention dry ether along with LiAlH4) 
Products are that aldehyde will produce a primary alcohol and ketone with produce a 
secondary alcohol. 
Mechanism  
 
 
 
 
 
 
 
 
 
[2] Reaction with HCN 
HCN is formed by the reaction with KCN with and acid. Once the HCN is added it 
produces a hydroxylnitriles. 
In naming nitriles, also the number 01 goes to a CN group and make the name end with –
nitrile.  
KCN  +  H2SO4                  HCN 
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Mechanism 
 
 
 
 
 
 
 

The obtained hydroxylnitrile can be further converted into carboxylic acid through acid 
hydrolysis.  
 
During the reaction of LiAlH4 and HCN sometimes the molecule can produce a compound 
with chiral carbon. 
But the obtained product is not optically active because: 
[1] The carbonyl carbon has a trigonal planar arrangement. 
[2] So the nucleophile can attack above or below the plane. 
[3] Making a racemic mixture (same percentage of both enantiomers)  

ii.  The reaction with 2,4- Dinitrophenyhydrozene (2,4-DNP or 2.4-
DNPH or Brady’s reagent) is used to identify the presence of 
carbonyl carbon. When 2,4-DNH reacts with aldehydes or ketones, 
it produces an orange yellow precipitate. To confirm the aldehyde or 
ketone we can recrystallize the precipitate and measure its melting 
point and check its melting point and compare with 2,4-DNPH 
derivative of aldehyde or ketone.  

iii. [1] Reaction with Tollen’s reagent  
To make the Tollen’s reagent, Silver Nitrate, Sodium hydroxide and Ammonia solution is 
required. When making the Tollen’s reagent, 1st Silver Nitrate is reacted with Sodium 
hydroxide, to get a brownish precipitate of Ag2O, then Ammonia solution is added slowly 
just to dissolve the precipitate. 
AgNO3 + NaOH  Ag2O 
Ag2O + NH3 [Ag(NH3)2]+ 
When aldehyde and Tollen’s reagent is added and warmed, a silver mirror is formed 
from the Tollen’s regent while the aldehyde gets oxidised into a carboxylic acid. This is 
called as a Silver mirror test as well. 
[2] Reaction with Benedict’s or Fehling’s reagent 
Alkaline Cu2+ solution is known as Benedict’s or Fehling’s reagent. This also gives a 
carboxylic acid or aldehyde a brick red precipitate of Cu2O precipitate.  
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BOTH TESTS SHOWS NEGATIVE RESULTS FOR KETONES. 
iv. When methyl ketone is warmed with NaOH and I2, a yellow precipitate of CHI3 with 

antiseptic smell is produced. Remaining part of the ketone gets oxidised into a carboxylic 
acid salt.  To convert the Sodium salt into a Carboxylic acid, HCl or H2SO4 is added. 
Other than methyl ketones, secondary methyl alcohols and methanol can also give the 
same observation. 

 
 
 
 

 

[15.9]    

 

 

 

[15.10]   As it contains ‘OH’ group, carboxylic acids can make intermolecular hydrogen bonding. This makes 
carboxylic acids to have high boiling points. Carboxylic acids can make hydrogen bonds with water and it 
tends to dissolve in water, but it surely happens up to 4 carbon atoms. 

[15.11]   Oxidation of primary alcohols 

When primary alcohols get heated under reflux, in the presence of H2SO4 and K2Cr2O7, carboxylic acid is 
formed. 

[15.12]    

[1] Neutralisation  
Carboxylic acids can react with Sodium, Sodium hydroxide or with Sodium Carbonate or 
Sodium Hydrogen Carbonate to produce the salt of the acid. 
With Sodium it produces Hydrogen gas. 
With NaOH, it produces water 
With Na2CO3 and NaHCO3, it produces CO2 and water as the bi products. 
R-COOH + Na     R-COO-Na+ + 1/2H2 

R-COOH + NaOH          R-COO-Na+ + H2O 
R-COOH + Na2CO3          R-COO-Na+ + H2O + CO2 

R-COOH + NaHCO3            R-COO-Na+ + H2O + CO2 
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[2] Halogenation  
Carboxylic acids can react with PCl3 or PCl5 to produce acyl chlorides. With PCl5, HCl is 
produced as misty fumes. With PCl3, H3PO3 is produced as a bi product. 
R-COOH + PCl5 R-COCl + HCl + POCl3 
R-COOH + PCl3 R-COCl + H3PO3 
Instead of PCl3 and PCl5, SOCl2 can also be used. 
 
[3] Esterification 
Carboxylic acid can react with alcohol in the presence of concentrated H2SO4 or HCl to 
produce ester. In this H2SO4 or HCl used as the acid catalyst. Always the OH of the 
carboxylic acid is left with the hydrogen of the alcohol to produce water as a bi product. 

 
 

 

 

 

[4] Reduction 
Carboxylic acid can be reduced into primary alcohols, by LiAlH4 in dry ether.  

[15.13] 

 

 

 

[15.14] 

[1] Reaction with water. 
Acyl chlorides can hydrolyse (react with 
water) to produce carboxylic acids and HCl. 
(misty fumes). As HCl is produced, the 
product mixture is strongly acidic. 
R-COCl + H2O  R-COOH + HCl 
The mechanism of the above reaction is a 
nucleophilic substitution. 
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[2] Reaction with alcohol 
This produces esters. HCl is produced as a bi product. 
R-COCl + R’OH R-COO-R’ 
Making esters from this method is better than making esters using carboxylic acid and 
alcohols for 2 main reasons.  
1. The reaction goes to the completion  
2. No required of a catalyst  
But this produces HCl, which is a toxic gas and it is a disadvantage. 
[3] Reaction with ammonia  
Amides are obtained as products  
The hydrogen of the ammonia is left with the Cl group of the acyl chloride to give the 
final product. Ammonium chloride can be formed as a bi product. 

 
 
 
 

[4] Reaction with Amines. 
 

 

 

 

[15.15] 

Hydrolysis is a term used for the reaction at which water is used as a reactant. There are 2 types of 
hydrolysis: 

[1] Acid Hydrolysis  
When concentrated H2SO4 or HCl is present, the ester can be broken down into alcohol 
and carboxylic acid. 

 

 
 
 
 

[2] Base Hydrolysis 
When aqueous NaOH or KOH is added, ester gets broken down into an alcohol and salt of 
the carboxylic acid. 
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[15.16] 

This is used to make soap, where larger chain esters (animal or plant oil) are reacted with NaOH. The bi 
product is always glycerol or propam-1,2,3- triol. 

 

Transesterification 

In this, ester can be transformed into 
another ester by reacting the long chain 
fatty acids with another alcohol. 
 
 
 
 

If the organic compound contains both OH group and COOH group, it can undergo polymerisation reaction 
again and again. This can be done by using a dicarboxylic acid (molecule with 2 COOH groups) and a diol (a 
molecule with 2 OH groups). 
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[15.17]   This can be practiced by doing the question wise tutes. 

[15.18]- [15.23]  

i. NMR stands for Nuclear Magnetic Resonance. Similar to the spin of electrons, the 
protons and neutrons of the nucleus also have an opposite spin. The total number of 
protons and neutrons are known as nucleons. Depending on the spin, the molecule can 
create a magnetic field. These nuclei (one with a magnetic field) can be affected by an 
external magnetic field to lining up or lining against the applied magnetic field. There is 
energy difference in these two states so the nuclei can absorb electromagnetic radiation. 
This means that electromagnetic radiation (EMR) is absorbed differently by different 
atoms in a molecule and these are detected by the reference to the chemical shift. The 
radio waves are used to supply this electromagnetic radiation. Also the main solvent 
used is CDCl3. The reference sample used for the NMR analyse is TMS 
(tetramethylsilcan) 

Relative peak height ad hydrogen environment 
The simplest atom that can cause a spin is hydrogen, therefore finding different 
hydrogen environments in an organic molecule can be done using the HNMR 
spectroscopy.  
The number of hydrogen atoms present in a given hydrogen environment is called as an 
area under the peak and usually it is measured as a ratio which is called as Relative area 
under the peak.  
The hydrogen environment and its relative area under the peak can be found as follows: 

 Number of hydrogen 
environments  

Relative area under the 
peak 

 

2 A:B 
6:4 
3:2 

 

3 A:B:C 
3:2:3 
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1 A 
12 

 

4 A:B:C:D 
1:1:12:2 

 

5 A:B:C:D:E 
3:4:4:6:1 

 

ii. Low resolution HNMR and high resolution HNMR 

In low resolution HNMR, it shows how many different environments are present and 
their relative peak heights. 
In high resolution HNMR, the hydrogen atom, in each environment, doesn’t get split 
depending on the neighbouring hydrogen atom. If the neighbouring Carbon has ‘n’ number 
of hydrogen atoms, splitting patterns are given according to the (n+1) rule. But splitting 
patterns are not taken for the hydrogen atoms which are attached to an oxygen or 
nitrogen. 
Number of hydrogen in 
neighbouring carbon 

Splitting 
pattern (n+1) 

0 1 singlet 
1 2 doublet 
2 3 triplet 
3 4 quadruplet 
4 5 quintet   
5 6 sextet 
6 7 septuplet  
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7 8 octet  
Examples will be in the question wise tutes. 
 
The position of these peaks are given by the chemical shift vales in PPM. They can be 
taken from the data booklet.  

iii. C13 NMR 

This is raised due to the carbon environment. The x axis of the spectrum is the chemical 
shift due to different carbon environments. The peak height is due to the number of 
carbon atoms of a particular environment.  

iv. Chromatography is a separating technique 

There are many different types. Two of them are:  
 
[1] GC (Gas chromatography) 
This is used to separate gaseous mixtures. 
The mobile phase (carry a gas) is normally Argon or any unreactive gas. The stationary 
phase is a liquid.  
Usually high pressure is applied to the carrier gas and depending on the attraction with 
the stationary and mobile phase, the retention time will differ. 
[2] HPLC (High Performance Liquid Chromatography) 
This is used to separate liquid mixtures. 
Stationary phase is polar or non- polar solid 
Mobile phase is a liquid. 

  


