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Practical 9a/9b: Rate of iodine- propanone reaction  

 

1. Finding the rate of the iodine- propanone reaction by a titrimetric method. 
 Titrimetric analysis is a method of analysis in which a solution of the substance being 

determined is treated with a solution of a suitable reagent of exactly known concentration. 
The reagent is added to the substance until the amount added is equivalent to the amount of 
substance to be determined.  

 In this reaction, the indicator used is starch reagent. Sulphuric acid acts the catalyst. The 
reaction is quenched or stopped by adding Sodium hydrogencarbonate. The iodine- 
propanone reaction equation is as follows: 

I2(aq) + CH3COCH3(aq) + H+
(aq)                      CH3COCH2I(aq) + 2H+

(aq) + I-(aq) 

 Usually in this titration, excess amount of both sulphuric acid and propanone is used and this 
is to ensure the concentrations of sulphuric acid and propanone remains constant throughout 
the entire reaction. The reason for doing this is that iodine will be the only reactant that will 
determine the rate of reaction. 

 The method for this titration happens as follows: 
 Initially, measure 25cm3 of 1 moldm-3 of sulphuric acid in a beaker and add 

25cm3 of 1moldm-3 of propanone to this beaker too. 
 Prepare a solution of 50m3 of 0.02moldm-3 of iodine solution in another 

beaker. Pour this iodine solution to the beaker containing propanone and 
sulphuric acid. As soon as you pour the iodine, start the timer. 

 Take 10cm3 sample of that solution using a pipette and transfer it to a conical 
flask. 

 Using a spatula, add a measure of Sodium Hydrogencarbonate to quench the 
reaction. Record the time, when NaHCO3 was added. 

 Titrate the remaining iodine present in the sample with Sodium thiosulphate 
of a concentration of 0.01moldm-3and the indicator starch. Record the results. 

 Repeat the last 3 steps every 3 minutes and record the result. Make sure to 
add the NaHCO3 at the exact same time. 

 The precautions of the experiments are: 
o Use eye protection and gloves as an acid is used which is corrosive.  
o Sodium thiosulphate releases SO2 so the room should be well- ventilated.  
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o Propanone is highly flammable and also is an irritant. 
o The reaction mixture should be poured down a fume cupboard sink with plenty of 

running water immediately once each measurement is complete. 
 

2. Finding the rate of the iodine- propanone reaction by investigating the clock reaction. 
 In this experiment, the time taken to prepare a fixed amount of iodine is used to measure 

the rate. 
 Here, the total volume of the reaction and the volume of thiosulfate should be the same, but 

the concentration of persulfate and iodine should change so the order of each reactant can 
be found and the rate equation. Always only one reactant can change, the other reactant 
should be kept constant. 

 The rate of the reaction can be written as 1/time. This is because rate is inversely 
proportional to time.  

 The method follows: 
 Take a beaker, add 10cm3 of KI along with 5cm3 of Sodium thiosulfate and 10 

drops of starch indicator. The indicator will change colour from blue-black to 
colourless as iodine is reacting with propanone. Make sure to keep a white 
tile underneath the beaker to visualise the colour change properly. 

 Then add 10cm3 of Sodium persulphate to a test tube containing KI, Sodium 
thiosulfate and the starch indictor. Immediately start the timer. 

 When the solution turns blue black the timer should be stopped. 
 Repeat this experiment by changing the volume of KI and the persulfate 

between experiments but the total volume should be the same which is 
25cm3. 

 The equation for the reaction between Potassium iodide and Potassium persulphate is: 
S2O8

2- + 2I-                      2SO4
2- + I2 

 

THESE RULES ARE NEEDED WHEN FINDING THE ORDER WITH RESPECT TO A REACTANT. 

Order Concentration Rate of the equation 
1st order Doubles 21  or  rate doubles 
2nd order Doubles  22  or X4 
0th order Same Rate double 
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Order Rate- concentration graph Concentration- time graph 
1st 

 

 

2nd  
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

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

0th 
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Practical 10: Finding activation energy 

 

 

THESE ARE THE THEORIES YOU NEED FOR THIS PRACTICAL. 

  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.  
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Practical 11: Finding the Ka value for weak acid 

 

THESE ARE THE THEORIES YOU NEED FOR THIS PRACTICAL. 

 

 

 

 

 

 

 

 



  

8 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

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. 

CH3COOH  +  H2O  CH3COO-  +  H3O+ 

Weak bases are defined as the species or substances that incompletely ionises to accept a proton. Usually 
ammonia is the most common weak base. Other than ammonia, amines can also behave as weak bases.] 

NH3 + H2O NH4
+  +  OH-             (NH3 gas) 

NH4OH                            NH4
+  +  OH-                 (NH3 solution) 

CH3NH2  +  H2O CH3NH3
+  + OH- (Primary amine) 

As both weak acids and weak bases are incompletely ionised, their H+ or OH- concentration will not be the 
same as the initial acid or base concentration. For weak acid, H+ concentration depend on the ionisation 
constant of weak acid Ka and for weak base the OH- concentration will depend on ionisation constant of 
weak base Kb. Both Ka and Kb depends only on temperature. Higher the Ka, stronger the acidic strength. 
Higher the Kb, stronger the basic strength.  

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) 

 
 

The OH- concentration of a weak base, depends on its initial concentration and ionisation constant Kb. 
Similar to weak acids, Kb of a weak base can be written as follows; 
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When deriving the above expression for finding the pH of a weak acid or weak base, a set of assumptions 
are made. They are as follows: 

 For weak acid  
[1] The ionisation of weak acid is negligible  
[2] The H3O+ concentration and its conjugate base concentration are equal. 
[3] The temperature is constant 

 For weak base 
[1] the ionisation of weak base is negligible 
[2] concentration of OH- is equal to the conjugate acid concentration. 
[3] Temperature is constant.  
 

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 
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 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 

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; 
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[1] if the buffer solution is formed by adding base. 
 
 
 
 
 
 
[2] if the buffer solution is formed by mixing acid and its salt separately.  

 

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 
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[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. 
 

 
Titration Curve: 

 

 

 

 

 

 

 

 

 

 

 

Type of titration  Dramatic pH change pH at the end point 
Strong acid- strong base pH 3- pH 11 pH 7 
Strong base- weak acid pH 6- pH 11 (approx.) pH 8.5 
Strong acid- weak base pH 3- pH 8 (approx.) pH 8.5 
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Practical 12: Investigating some electrochemical cells 

 

THESE ARE THE THEORIES YOU NEED FOR THIS PRACTICAL. 

The following definitions: 

i. Standard electrode potential is the emf measured when a half’- cell is connected to a 
standard hydrogen electrode under standard conditions. 

ii. Electrochemical is used to compare the reactivity of elements. 
iii. Electromotive force is the measured potential difference of a cell when no current is 

flowing. 
iv. Absolute potential difference is the potential difference between a metal and a 

solution of its ions. 

Standard conditions of a standard electrode potential are; 

 Temperature-  298K or 25°C 
 Pressure-  Iatm and 100kPa 
 Concentration-  1moldm-3 

Hydrogen is used as the reference electrode. This consists of H2 gas of a pressure 100kPa bubbling over a 
piece of Platinum foil dipped into a solution of HCl acid with H+ concertation of 1moldm-3 at a temperature 
298K. A porous platinum foil was used because it has a large surface area and an equilibrium between H+ 
ions in solution and H2 gas to be established quickly. 
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These are the facts of a half cell; 

 The negative electrode potential is more reactive than hydrogen. 
 The positive electrode potential is less reactive than hydrogen. 
 The one with the higher negative electrode potential are the good reducing agents. 
 The one with the higher positive electrode potential are the good oxidising agents. 
 In a reaction between two substances, the one with the higher negative electrode potential 

can undergo oxidation and it can reduce the one with the lower negative electrode potential. 
 In a reaction between two substances, the one with the higher positive electrode potential 

can undergo reduction and it can oxidise the one which has the lower positive electrode 
potential. 

 A good reducing agent has a higher negative emf value. 
 A good oxidising agent has a higher positive emf value. 
 More negative emf means oxidation  
 More positive emf means reduction 

The types of electrodes are: 

 Metal/ Metal ion electrode 
 Non Metal/ Non Metal ion electrode 
 Ion electrodes  

  
 Metal/ Metal ion electrode 

This is a half-cell where a metal rod or metal plate is dipped into its own cationic solution. 
Sodium, Potassium cannot be used to make a metal/ metal ion electrode, because they react 
with water. 
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 Non Metal/ Non Metal ion electrode 
The most common non-metal ion electrode is the gas electrode. 
In this, the gas is supplied at a pressure of 1atm. In a non-metal 
electrode, platinum is used as the supporting electrode as non-
metal can’t conduct electricity. 
 
 
 

 Ion electrode 
In this electrode also, a platinum is used as a supporting electrode and it is a must to have 
all the ions present in the solution with each concentration of 1moldm-3. 

 

Salt bridge is used to connect two electrodes. Salt bridge is made of a filter paper, which is dipped in 
KNO3 or NH4NO3 solution and it is supported by keeping the filter paper inside the U shaped glass tube. 
High resistance voltmeter is used because it causes negligible current flowing. 

i. Positive terminal is the cathode 
ii. Negative terminal is the anode 
iii. Anode is drawn in left hand side 
iv. Cathode is drawn in the right hand side 
v. Positive terminal is where reduction takes place. 
vi. Negative terminal is where oxidation takes place. 

  
 
  * The salt bridge can be written in the same way with dashed line. 
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Factors affecting the half-cell or electrodes:    

 Temperature 
 Concentration 
 Nature of the electrode 

  emf should be positive for a reaction to be thermodynamically feasible or spontaneous. 

i. Thermodynamically feasible is a reaction that should take place without any 
intervention by us, if we consider the enthalpy and entropy changes involved. 

ii. Kinetically stable is the reaction that does not take place or is very slow, because 
activation energy for the reaction is very high.      

Ecell is directly proportional to:   

 ln(k)  (* always remember it is ln(k) not just k) 
 Entropy change    

The two type of fuel cells are:  

 Hydrogen fuel cell (H+ is the electrode and both O2 and H2 is supplied. 
O2 is reduced at the cathode to make H2O. 
H2 is oxidised at the anode to make H+. 

 Alcohol fuel cell 
Alcohol gets oxidised at the anode to make CO2. 
O2 gets reduced at the cathode to make H2O. 

The half equations for hydrogen fuel cell: 

 Acidic electrolyte  
(-) electrode -   H2(g)   2H+

(aq)   +  2e- 

(+) electrode -  1/2O2(g)  +  2H+
(aq)   +2e-    H2O(l) 

 Alkaline electrolyte  
(-) electrode -  H2(g)   +  2OH-

(aq)             2H2O(l)  +  2e- 

(+) electrode -  1/2O2(g)  +   H2O(l)   +2e-
  2OH-

(aq) 

 Overall reaction for both 
H2(g)  +  ½ O2(g)  H2O(l) 
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Practical 13a/13b: Redox titrations  

 

1. Redox titrations with iron (II) ions and Potassium manganate (VII) 
 The equation of iron (II) and Potassium manganate (VII) is: 

MnO4
- + 5Fe2+ + 8H+                  Mn2+ + 5Fe3+ + 4H2O 

 This is the method of preparing iron (II) solution: 
 The tablets are crushed using a mortar and pestle.  

 
 
 
 
 
 
 
 

 Then weigh the crushed iron tablets in a plate or a weighing boat and record the 
mass. Transfer this to a 250cm3 beaker and reweigh the plate or weighing boat and 
calculate the mass of the iron transferred. This is done by minuses the mass of plate 
or weighing boat from the mass of iron in the weighing boat. 

 Add 100cm3 of sulphuric acid and this can be measured using a measuring cylinder. 
Then add the Sulphuric acid and dissolve the tablets by stirring. 

 Transfer this solution into a 250cm3 volumetric flask and this is transferred by 
filtering it so undissolved solids are removed.  

 Wash the beaker and filter paper with distilled water to get any remaining solution 
into the volumetric flask. Dilute the solution in the volumetric flask by adding 
Sulphuric acid until the 250cm3mark. 

 Stopper the flask and mxi thoroughly by inverting and shaking vigorously. 
 KMnO4 is a self-indicator. Therefore, no indicator is needed, the end point is when the 

permanent pink colour is seen. Self-indicator is actually a chemical substance which can 
mark the end point of a titration or any other reaction along with self-participation in the 
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reaction. Make sure to keep the beaker under a white tile as this will visualise the colour 
change properly. 

2. Redox titrations with Sodium thiosulphate and iodine  
 The equation between iodine and Sodium thiosulphate: 

I2 + 2S2O3
2-                    2I- + S4O6

2- 

 In this equation, sodium thiosulphate is oxidised and iodine is reduced. Since both reduction 
and oxidation has occurred in the equation, this is known as redox reaction. 

 This is how the reaction occurs: 
 Set up the titration apparatus. Pipette 25cm3 of iodine solution into a burette. 
 Record the starting reading in the burette. 
 Add a few drops of starch and this causes a colour change of blue- black since iodine 

is present.  
 Carry out the titration until the starch turn blue- black and record the volume of 

Sodium thiosulfate solution used. 
 Repeat this titration at least 5 times to get the concordant results. Concordant 

results are titration results with a 0.2cm3 difference (either +0.2 or -0.2) 
 Calculate the mean titre. 
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Practical 14: Preparation of a transition metal complex 

 

 The method of preparing transition metal complex occurs as follows: 
 Weigh out at least 1.5-2.0g of Copper Sulphate into a test tube and add 4cm3. 
 Fill a beaker with freshly boiled water and rest the test tube containing copper 

sulphate and water in it. Stir until the copper sulphate has dissolved. 
 Add 2cm3 of concentrated ammonia and stir the mixture. This should be done in a 

fume cupboard as ammonia gas is hazardous. 
 Next pour ethanol and cool the mixture by keeping it in an ice bath and this will cause 

the formation of crystals. 
 Conduct vacuum filtration by using a Buchner funnel and collect the crystals in the 

funnel. Wash the tube with cold ethanol and filter again and wash the crystals with 
cold ethanol. 

 The crystals should be left on the funnel for a small amount of time so they can dry. 
A second piece of filter paper is left on tops of the crystals so they can dry even 
more. 

 The mass of the crystals should be recorded and calculate the percentage yield. 
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In this practical, you should know these theory: 

Equations when transition metals react with: 

With NaOH(aq) 

i. [Cr(H2O)6]3+  +  3OH-                               [Cr(H2O)3(OH)3]  +  3H2O 
ii. [Mn(H2O)6]2+  +  2OH-                              [Mn(H2O)4(OH)2]  + 2H2O 
iii. [Fe(H2O)6]2+   +  2OH-                               [Fe(H2O)4(OH)2]   + 2H2O 
iv. [Fe(H2O)5]3+   +  3OH-                               [Fe(H2O)3(OH)3]   +  3H2O 
v. [Co(H2O)6]2+  +  2OH-                              [Co(H2O)4(OH)2]  + 2H2O 
vi. [Ni(H2O)6]2+  +  2OH-                              [Ni(H2O)4(OH)2]  + 2H2O 
vii. [Zn(H2O)6]2+  +  2OH-                              [Zn(H2O)4(OH)2]  + 2H2O 

With excess NaOH 

viii. [Cr(H2O)3(OH)3]   + OH-                             [Cr(H2O)2(OH)6]-  +  H2O   
ix. [Zn(H2O)4(OH)2]   + 2OH-                             [Zn(H2O)2(OH)4]2-  +  2H2O  

With concentrated NaOH 

x. [Cr(H2O)2(OH)4]-  + 2OH-                             [Cr(OH)6]3-   +  2H2O 

With NH3 

xi. [Cr(H2O)6]3+  +  3NH3                               [Cr(H2O)3(OH)3]  +  3NH4
+ 

xii. [Mn(H2O)6]2+  +  2NH3                              [Mn(H2O)4(OH)2]  +  2NH4
+ 

xiii. [Fe(H2O)6]2+  +  2NH3                               [Fe(H2O)4(OH)2]  +  2NH4
+ 

xiv. [Fe(H2O)6]3+  +  3NH3                               [Fe(H2O)3(OH)3]  +  3NH4
+ 

xv. [Co(H2O)6]2+  +  2NH3                               [Co(H2O)4(OH)2]  +  2NH4
+ 

xvi. [Ni(H2O)6]2+  +  2NH3                               [Ni(H2O)4(OH)2]  +  2NH4
+ 

xvii. [Zn(H2O)6]2+  +  2NH3                               [Zn(H2O)4(OH)2]  +  2NH4
+ 

With excess NH3 

xviii. [Cr(H2O)3(OH)3]   + 6NH3                              [Cr(NH3)6]3+  + 3H2O  +3OH- 
xix. [Co(H2O)4(OH)2]   + 6NH3                             [Co(NH3)6]2+  +  4H2O  + 2OH-   
xx. [Ni(H2O)4(OH)2]   + 6NH3                             [Ni(NH3)6]2+  +  4H2O  +  2OH-  
xxi. [Cu(H2O)4(OH)2]   + 4NH3                             [Cu(NH3)4]2+  +  4H2O  +  2OH- 
xxii. [Zn(H2O)4(OH)2]   + 4NH3                             [Zn(NH3)4]2+  +  4H2O  +  2OH-      
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Colour change when transition metals react with NaOH: 

Ions in solution Colour of Solution  Colour of precipitate Effect of adding excess 
NaOH(aq) 

[Cr(H2O)6]3+   Green Green gREEN solution 
[Mn(H2O)6]2+   Pale Pink Pale Brown (turns 

darker Brown on 
exposure to air) 

NONE 

[Fe(H2O)6]2+   Pale Green Green (turns Brown on 
exposure to air) 

NONE 

[Fe(H2O)6]3+   Yellow Brown Brown NONE 
[Co(H2O)6]2+   Pink Blue (Turns pink on 

exposure to air) 
NONE 

[Ni(H2O)6]2+   Green Green NONE 
[Cu(H2O)6]2+   Blue Blue NONE 
[Zn(H2O)6]2+   Colourless  White Colourless solution 

 

Colour change when transition metals react with NH3 : 

Ions in solution Colour of Solution  Colour of precipitate Effect of adding excess 
NH3(aq) 

[Cr(H2O)6]3+   Green Green Purple solution 
[Mn(H2O)6]2+   Pale Pink Pale Brown (turns 

darker Brown on 
exposure to air) 

NONE 

[Fe(H2O)6]2+   Pale Green Green (turns Brown on 
exposure to air) 

NONE 

[Fe(H2O)6]3+   Yellow Brown Brown NONE 
[Co(H2O)6]2+   Pink Blue (Turns pink on 

exposure to air) 
Forms pale yellow solution 
(turns brown on exposure 
to air) 

[Ni(H2O)6]2+   Green Green Deep Blue solution 
[Cu(H2O)6]2+   Blue Blue Deep Blue solution 
[Zn(H2O)6]2+   Colourless  White Colourless solution 
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i. Chemistry of Vanadium 
 

 

 

 

 

 

 

 

 

 

ii. Chemistry of Chromium 
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iii. Chemistry of Manganese  
 
 
 
 
 
 
 
 
 
 
 
 
 

iv. Chemistry of Copper  
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Practical 15: Analysis of some inorganic and organic 

 

Flame test to identify cations: 
The flame test is a qualitative test used in chemistry to help determine the identity or possible identity of 
a metal or metalloid ion found in an ionic compound. If the compound is placed in the flame of a gas burner, 
there may be a characteristic colour given off that is visible to the naked eye. 

The following method is how to carry out a flame test: 
[1] Use a Platinum wire and dip the wire in HCl acid. 
[2] Dip the wire in the solid sample. 
[3] leave the wire in the non- luminous part of the Bunsen flame. 
[4] observe the flame colour. 

The reason behind the theory for flame test- electrons gain energy and move in to the higher energy level. 
When they are in the higher energy level, electron get unstable and they tend to move down. When they 
drop back to the ground state, they emit the radiation from the visible spectrum. 

These are the flame test colours for the following ions: 

 Lithium- Red 
 Sodium- Yellow 
 Potassium- Lilac 
 Calcium- Orange- red 
 Barium- Apple green 
 Copper- Blue- green 
 Strontium- Crimson red 
 Magnesium has no colour as the 

re- emitted radiation is not in the 
visible spectrum. 
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Test for the cation Ammonium: 

Ammonium ions can be identified in a solution by adding dilute sodium hydroxide solution and gently 
heating. If ammonium ions are present, they will be converted to ammonia gas. Ammonia has a 
characteristic choking smell. It also turns damp red litmus paper or damp universal indicator paper blue. 

 

Test for Anions. 

 Sulphate ion (SO4
2-) 

Use acidified Barium chloride (BaCl2) and this will react with the Sulphate ion 
to form a white precipitate of Barium sulphate. 

 Hydroxide ion (OH-) 
Usually, OH- ions are considered to be alkaline. They can be identified by 
either using a damp litmus paper (red litmus paper will turn blue) or a 
universal indicator can be used. The positive result will be either a blue or a 
purple colour. 

 Carbonate ion (CO3
2-) and hydrogencarbonate (HCO3

-) 
An acid, such as dilute hydrochloric acid, is added to the test compound. 
Carbon dioxide gas bubbles if carbonate ions are present. Limewater is used 
to confirm that the gas is carbon dioxide. 

Test for gases: 

 Carbon dioxide (CO2) 
A standard test for the presence of 
carbon dioxide is its reaction with 
limewater (a saturated water solution 
of calcium hydroxide) to form a 
milky-white precipitate of calcium 
hydroxide. 
 

 Oxygen (O2) 
The glowing splint test is 
a test for an oxidising gas, such 
as oxygen. In this test, a splint 
is lit, allowed to burn for a few 
seconds, then blown out by 
mouth or by shaking. 
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 Nitrogen dioxide (NO2) 
Nitrogen dioxide is an acidic gas. A blue litmus paper can be held on top of 
the test tube which releases NO2. This will turn the blue litmus paper red. 
Furthermore, this gas is a reddish- brown gas so this is another way to 
identify this gas. 

The colours for Group 7 elements: 

Halogen Appearance at room 
temperature 

Colour in aqueous 
solution 

Colour in non- 
polar organic 

solution 
Chlorine GREEN GAS PALE GREEN PALE GREEN 
Bromine RED- BROWN 

LIQUID 
ORANGE/ YELLOW RED 

Iodine GREY- BLACK 
SOLID 

BROWN VIOLET 

 

Tests for Group 7 elements: 
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Tests to identify acids or bases: 
Use litmus paper 

 Blue litmus paper will turn RED 
 Red litmus paper will turn BLUE 

The universal indicator is  

 

 

 

 

 

 

The indicators: 

Indicator Colour in acidic 
solution 

Colour in neutral 
solution 

Colour in basic 
solution 

pH range of 
colour change 

Methyl orange RED ORANGE  YELLOW 3- 4 
Phenolphthalein COLOURLESS COLOURLESS PINK 8- 10 

 

Tests for functional group: 

  Alkene 
Add Br(aq)  
Bromine decolourises 
Aldehyde and ketone decolourises Br2(aq) but very slowly 
Phenol decolourises Br2(aq) immediately and also produces a white precipitate. 

 Halgenoalkane 
Warm with NaOH(aq) and then add dilute HNO3 followed by few drops of AgNO3  
Cl- will give white precipitate and is soluble in dilute NH3. 
Br- will give cream precipitate and is insoluble in dilute NH3 but soluble in 
concentrated NH3. 
I- will give yellow precipitate and is insoluble in both dilute and concentrated NH3.    

 Alcohol (-OH) group 
Add solid PCl5 
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Misty fume is the positive result for both –OH and –COOH group but not for phenol 
 Primary alcohol 

Add acidified K2Cr2O7 and warm 
Solution turns orange to green 
The above product (Aldehyde) Organic product produces a silver mirror with Tollens 
reagent  

 Secondary alcohol 
Add acidified K2Cr2O7 and warm 
Solution turns orange to green  
The above product (Ketone) No silver mirror with Tollens reagent  

 Carbonyl group (C=O) 
Add 2,4-DNPH 
An orange precipitate will form 
Positive result is only for both ketone and aldehyde. Not for –COOH or –COCl  

 The CH3C=O group (Like methylketone) 
Add NaOH and I2 and warm (iodoform test) 
Positive result is yellow precipitate which is CHI3 and an antiseptic smell  

 Carboxylic acid 
Add NaHCO3 and warm  
Bubbles of gas or effervescence (which is CO2) 
 

 Reaction of halogenoalkane with aqueous silver nitrate in ethanol. 
The halogenoalkane is heated with aqueous silver nitrate, with ethanol added. The 
water in the mixture behaves as the nucleophile. The ethanol acts as a common 
solvent, ensuring that the halogenoalkane and aqueous silver nitrate mix together and 
react. 
This is the procedure:  
• You measure each halogenoalkane into a separate test tube, which is then placed in 
a water bath at 50 °C.  
• You put a solution of ethanol, water and aqueous silver nitrate into another test 
tube. This test tube is placed in the same water bath.  
• Once all the tubes have reached the same temperature, you add equal volumes of 
each mixture to each halogenoalkane.  
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• You time how long it takes for each precipitate to form. 
Chloride ion (Cl-) Bromide ion (Br-) Iodide ion (I-) 
White precipitate 

AgCl 
Cream precipitate 

AgBr 
Yellow precipitate 

AgI 
 

Tests to prove the presence of aldehydes 

[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.  

BOTH TESTS SHOWS NEGATIVE RESULTS FOR KETONES. 
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THE TECHNIQUES  
i. Heating under reflux 

Prevent the escape of volatile compounds from reaction 
mixture. 
All the vapour rising from the reaction mixture during heating 
enter the condenser and change back into liquids. They then 
return to the flask so that unreacted compound can react. 
Flask is heated using hot water or oil in a beaker heated by 
Bunsen burner or using an electric mantle. 
Antibumping granules in reaction mixture helps to make the 
boiling smooth and evenly distributed. 
Gentle flow of cold water enters at the bottom of condenser.  
 
 

ii. Simple distillation  
To obtain a liquid product from a reaction mixture that has a boiling temperature 
much lower than other substances in reaction mixture. 
Distillation of an impure liquid involves heating it in a flask connected to a condenser. 
Liquid with the lowest boiling temperature evaporates or boils off first and passes 
into condenser first and can be collected in the receiver. 
Purpose of thermometer is to monitor the temperature of vapour as it passes into 
condenser. 
Temperature steady indicates that one 
compound is being distilled  
Temperature begins to rise, indicates that 
is different compound is being distilled. 
Advantage is that it is quicker and easy to 
set up than fractional distillation. 
Yet disadvantage is that it does not 
separate the liquid as well as fractional distillation.  
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iii. Steam distillation 
Used to separate an insoluble liquid from an aqueous solution. 
Passes steam into a reaction mixture hat contains an aqueous solution and a liquid 
that form a separate layer. 
Agitation of liquid caused by steam bubbling 
through mixture ensures that both insoluble 
liquid and aqueous solution are on the surface 
of mixture and so can form part of liquid that 
evaporates. 
Advantage is that insoluble liquid is removed 
from reaction mixture at a temperature below its normal boiling temperature. 
 

iv. Solvent extraction  
Two features; 
   Solvent added should be immiscible (do not form a mixture) with the solvent 
containing the desired organic product. 
   The desired organic product should be much more soluble in the added solvent 
than in the reaction mixture. 
Place the reaction mixture in a separating funnel and then add the chosen solvent- it 
should form a separate layer. 
Place the stopper in the neck of the funnel and gently agitate the contents of the 
funnel for a short while (put a finger on the stopper, invert, open the tap, agitate in 
a circular motion, close the tap and return the funnel to its normal position.) 
Allow the content to settle into 2 layers. 
Remove the stopper and open the tap to allow the lower layer to drain into a flask 
and then do the same to allow the upper layer to drain into a separate flask. 
Better to use the solvent in small portions rather than in a single volume because it 
is more efficient. 
Using more portions of solvent, but 
with the same total volume, removes 
more of the desired organic product.    
Desired organic product has been 
removed from reaction mixture, but 
is now mixed with the added solvent. 
Therefore, simple distillation or 
fractional distillation must now be to 
separate the desired organic product from the solvent used.  
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v. Washing 
Used to remove impurities from a liquid 
Could involve the use of water or an organic solvent 
Involve the use of Na2CO3 solution to remove any excess acid. 
Whichever, liquid is used, it must be chosen carefully so as to dissolve the impurities 
but as little as possible of the substances being purified. 
An impure solid is stirred in some of the solvent, then the mixture is filtered. If the 
solid is already in filter funnel, the solvent could be added on top of the solid. 
A liquid would be mixed with a solvent chosen as that it will dissolve little, if any, of 
the liquid to be purified. 
The mixture is then shaken in a separating funnel  
After allowing the 2 liquid layers to separate, the tap is opened to allow each layer to 
drain into a separate container. 

vi. Drying 
No special technique is needed to dry on organic solid- it just needs to be left in a 
warm place or in a desiccator with suitable drying agent 
Many organic liquids are prepared using inorganic reagents, which are often used in 
aqueous solution. 
A liquid organic product may partially, or even completely dissolved in water. 
Therefore, water may be an impurity that needs to be removed by a drying agent. 
One important feature of drying agent is that it does not react with the organic 
liquid. 
Anhydrous metal salts (usually CaCl2 , MgSO4 and Na2SO4) 
When they come into contact with water in an organic liquid, they absorb the water 
as water of crystallization. 
Drying agent is added to the organic liquid and the mixture is gently agitated or 
shaken, and then left for a period of time. 
Before use, a drying agent is powdery, but after absorbing water it look more 
crystalline. 
If a bit more drying agent is added and remain powdery, then this is an indication 
that liquid is dry, liquid also goes from cloudy to clear when water is removed. 
Drying agent is removed either by decantation (pouring the organic liquid off the 
solid drying agent) or by filtering.  
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vii. Filtration 
Organic solid will need to be filtered at some stage 
Always happens as part of recrystallization so the 2 pieces of apparatus (Buchner 
and Hirsch funnel) are normally used 
Use of a vacuum pump means method described as filtration under reduced 
pressure. 

viii. Fractional distillation  
Same apparatus as simple distillation but with a 
fractionating column between heating flask and still 
head. 
Column is usually fitted with glass beads or pieces of 
broken glass. These act as surface on which the vapour 
leaving the column can condense and then be 
evaporated again as more hot vapour passes up the 
column. 
Vapour experiences several repeated distillation as it 
passes up the column, which provides a better separation. 
Fractional distillation takes longer than simple distillation.  
Fractional distillation is best used when differences in boiling temperature is small 
and when there are several compounds to be separated from a mixture. 

ix. Recrystallization (include the Buchner funnel and Hirsch funnel)  
Organic solid is prepared, it need purification. 
Traditional way of removing impurities is technique of recrystallization. 
Principle behind this technique is that a solid compound is dissolved in a suitable 
solvent that can dissolve all or most of any impurities., but very little of the 
compound is being purified. 
Recrystallization process 
[1] Solid sample is dissolved in the minimum amount of hot solvent. 
Minimum amount of solvent is used to minimize the amount of sold left in the 
solution or to form a saturated solution. 
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Hot solvent is used to dissolve the solid as much 
as possible 
[2] The hot solution is filtered using stemless 
funnel. 
The solution has to be hot to prevent or avoid 
premature crystallization. 
Through the filtration, the insoluble impurities can 
be removed. 
Stemless funnel is used to avoid the formation of 
crystals inside the stem during the filtration. 
[3] The filtrate is cooled in an ice bath 
This is to ensure that maximum amount of solid 
crystallises. 
[4] The mixture was filtered using suction filtration 
This step, the soluble impurities are removed and suction filtrate is used over a 
normal filtration as it; 

 Produces dry crystals 
 It is fast. 
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Practical 16: Preparation of aspirin 

 The method to prepare aspirin happens as follows:7 
 Weigh 2g of 2-hydroxybenzoic acid and transfer them to a pear shape flask. 
 Using a pipette or measuring cylinder, add 5m3 of ethanoic anhydride along with 8 drops of 

Sulphuric acid. 
 Gently stir while heating the mixture and this will cause 2-hydroxybenzoic acid dissolve. 
 Add 10cm3 of ice to the solution and stand the flask in a bath of ice until precipitation is 

complete. 
 This solution is supposed to be filtered under pressure, which is by using a Buchner funnel. 

Wash the formed crystals with cold water. 
 The impure product should be dissolved in minimum amount of warm ethanol. 
 Then add warm water and place the boiling tube into ice for 15 minutes. 
 Filter the derivative under reduced pressure using Buchner funnel again. 
 Using filter paper, dry the purified product. 
 Collect the sample in a dry, pre- weighed vial and calculate the mass of the product and this 

can be used to calculate percentage yield of the product. 
 Measure the melting point of the product to test its purity- the melting point of a pure 

sample of aspirin is 135°C, the closer the melting point to the exact pure sample value, the 
purer the product is. 

This includes the recrystallization process: 

[1] Solid sample is dissolved in the minimum amount of hot solvent. 
Minimum amount of solvent is used to minimize the amount of sold left in the 
solution or to form a saturated solution 
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Hot solvent is used to dissolve the solid as much 
as possible 
[2] The hot solution is filtered using stemless 
funnel. 
The solution has to be hot to prevent or avoid 
premature crystallization. 
Through the filtration, the insoluble impurities can 
be removed. 
Stemless funnel is used to avoid the formation of 
crystals inside the stem during the filtration. 
[3] The filtrate is cooled in an ice bath 
This is to ensure that maximum amount of solid 
crystallises. 
[4] The mixture was filtered using suction filtration 
This step, the soluble impurities are removed and suction filtrate is used over a 
normal filtration as it; 
      Produces dry crystals 
      It is fast. 
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Practical N: Suggested Practicals (TOPIC 11) 

Practical O: Suggested Practicals (TOPIC 12A) 

Practical P: Suggested Practicals (TOPIC 12B) 

Practical Q: Suggested Practicals (TOPIC 13) 
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Practical R: Suggested Practicals (TOPIC 14) 

Practical S: Suggested Practicals (TOPIC 15B) 

Practical T: Suggested Practicals (TOPIC 15C) 

Practical U: Suggested Practicals (TOPIC 15D) 

Practical V: Suggested Practicals (TOPIC 16) 
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Practical W: Suggested Practicals (TOPIC 17) 

Practical X: Suggested Practicals (TOPIC 18) 

Practical Y: Suggested Practicals (TOPIC 19) 

Practical Z: Suggested Practicals (TOPIC 20) 

 

THESE FURTHER SUGGESTED PRACTICALS ARE SUPPOSED 
TO PRACTICED USING PAST PAPERS. YOU DON’T NEED TO 
STUDY SEPARATELY FOR THESE PRACTICALS BUT YOU 
MUST BE AWARE OF THEM. 


