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Unit 1: Chemical Energetic 

 What is meant by the term lattice energy? 
 Energy change when 1 mole of an ionic lattice is formed from its gaseous ions 

under standard conditions. 
  
 Explain why lattice energy represents an exothermic change. 
 Lattice energy represents the forming of an ionic bond, bond forming is 

exothermic. 
  
 What is meant by the term entropy? 
 Entropy is a measure of the disorder of a system/substance. 
  
 Define the term electron affinity? 
 Energy change when 1 mole of gaseous atoms/ions gain 1 mole of electrons. 
  
 What is meant by the term standard enthalpy change of hydration? 
 Energy change when one mole of gaseous ions dissolve in water to form an 

infinite dilute solution. 
  
 What is meant by the term standard enthalpy change of solution? 
 Energy absorbed or released when one mole of an ionic solid dissolves in 

sufficient water to form an infinite dilute solution. 
  
 How does the lattice energies of MgCl2 and NaCl will compare to that of MgCl? 
 MgCl2 and MgCl: 

MgCl2 is more exothermic than MgCl as MgCl2 (Mg+2) has a higher charge than 
MgCl (Mg+1) and thus has a greater charge density. Charge density is directly 
proportional to lattice energy. 
NaCl and MgCl: 
NaCl is more exothermic than MgCl as Na+  has lost its third shell by forming the 
+1 ion (Na only has 1 electron in its outermost shell), but Mg+ still has its third 
shell (Mg has 2 electrons in its outermost shell). Making Na+ a smaller cation 
than Mg+, thus Na has a higher charge density, which is proportional to lattice 
energy.  

  



Suggest why a temperature of 1000°C is usually for this reaction, even though 
the reaction is spontaneous at 25°C. 

 The reaction has a high activation energy so to speed up the rate of reaction the 
reaction is conducted at a very high temperature even though the reaction 
would be feasible at a lower temperature, the reaction would be too slow. 

  
 

 
 Explain why ∆Seq2 is so different from  ∆Seq1. 
 ∆S1 is more negative as 5 moles of reactants are forming 1 mole of product while 

in ∆S2 3 moles of reactants are forming 1 mole of product. 
  
 What conclusion can be made about the feasibility of equilibria 1 and 2? 
 Since ∆G2 is more negative than ∆G1, the more negative ∆G the more feasible the 

reaction therefore equilibrium 2 is more feasible.  
  
 

 
 How would the value of ∆Hr3 compare with the value of ∆Hr4 for the similar 

reaction with Ca(OH)2 (aq) as shown in reaction 4? 
 ∆Hr3 will be identical to ∆Hr4, as the ionic reaction is the same for both reaction, 

2OH-
(aq) + 2CO2 (g) → 2HCO3

-. The metal ions stay in solution (Ba and Ca are 
spectator ions. 

  



 Suggest how the standard entropy change for reaction 3 might compare with 
the standard entropy change for reaction one. 

 The standard entropy change will be more negative for reaction 3 (2 CO2) as  
more moles of gas are being consumed as compared to in reaction 1 (1 CO2). 

  
 

 
  

 State and explain whether the following processes will lead to an increase or 
decrease in entropy. 

 Reaction of magnesium with hydrochloric acid: 
The standard entropy change increases, as the reaction produces a gas, 
increasing the randomness of the system. 
Solid potassium chloride dissolving in water: 
The standard entropy change increases, as KCl turns from a solid into free 
moving ions, increasing the randomness of the system. 
Steam condensing to water: 
The standard entropy change decreases, as the gas turns into a liquid, decreasing 
the randomness of the system. 

  
  

 



Explain, with reference to ∆G, why this reaction becomes more feasible at 
higher temperature. 

 ∆G = ∆H - T∆S, ∆S is a positive value so as T increase the overall value of -T∆S gets 
more negative, so ∆G gets more negative as temperature increases. As ∆G gets 
more negative the feasibility of the reaction increases. 

  
 Calcium reacts vigorously with HCl(aq) producing H2(g). How would the enthalpy 

change for this reaction compare with the enthalpy change for the reaction 
where HNO3(aq) is used in place of HCl but all other conditions are the same? 

 Enthalpy change should be similar for both, as both acids are fully ionised, strong 
acids. 

  
 The standard enthalpy change for the reaction between Ca(s) and CH3CO2H(aq) is 

less negative than x by 2 kJmol–1. 
 CH3CO2H is incompletely ionised as it is a weaker acid, compared to HCl. Enthalpy 

change of ionisation of CH3COOH is increased by +2kJ mol–1 to completely ionise 
the weak acid. 

  
 Suggest a reason why the ∆H values for the two equilibria are very similar. 
 Same number of bonds are being formed and broken in both equilibria reactions. 
  
 Which of the two complexes is more stable? 
 The equilibria reaction in which ∆G is more negative that complex is more stable. 
  
 Describe and explain what happens to the entropy of a gas when the 

temperature is increased. 
 Higher temperature means that the gas particles have more kinetic energy and 

thus move faster, thus increasing the amount of disorder/randomness in a 
system, which is entropy. 

  
 Suggest why ∆Hhyd of the Ba+2 ion is less exothermic than ∆Hhyd of the Ca+2 ion. 
 Ca is a smaller atom than Ba, and thus has a higher charge density and thus has a 

higher nuclear attraction, forming stronger bonds with H2O, making it more 
exothermic as bond forming is exothermic.  

  
  



Describe how the solubility of group II sulfates varies down the group. 
 The solubility of group II sulfates decreases down the group. The size of the 

cation increases down the group as number of shell increases, so lattice energy 
and hydration enthalpy decreases down the group. However due to the shape of 
SO4

-2 anion the lattice energy decreases much slower when going down the 
group. As ∆Hsol = ∆Hhyd - ∆Hlatt so solubility becomes less exothermic as you go 
down the group. 

  
 Describe how the solubility of group II hydroxides varies down the group. 
 The solubility of group II hydroxides increases down the group. The size of the 

cation increases down the group as number of shell increases, so lattice energy 
and hydration enthalpy decreases down the group. The nuclear attraction 
between two bodies with different charges is inversely proportional to the 
square of the distance between their centres of mass. A longer bond would 
require less heat energy to be broken. Therefore the lattice enthalpy decreases 
faster than the hydration enthalpy. As ∆Hsol = ∆Hhyd - ∆Hlatt so solubility becomes 
more exothermic as you go down the group. 

  
 Suggest if Sr(OH)2 would be more or less soluble in hot water than in cold.  
 Sr(OH)2 should be less soluble in hot water as ∆Hsol is exothermic, and thus heat 

favours the backwards reaction. 
  
 Suggest why it is impossible to determine the enthalpy change of hydration of 

the oxide ion, O–2. 
 O–2 + H2O → 2OH–, as O–2  does not exist as an aqueous ion and thus does not 

have an enthalpy change of hydration. 
  
 Describe the simple apparatus you could use, and the measurements you 

would make, in order to determine a value for (MgCl2(s)) in the laboratory. 
 Apparatus: “insulated” calorimeter, water and thermometer) 

Measure and record known volume of and pour into calorimeter, take the 
temperature of the water and record it down. Weigh out and record known mass 
of MgCl2, and pour it into the calorimeter. Mix the solution and measure and 
record the highest constant temperature. Repeat the experiment, to remove any 
human errors. 

  



 What is meant by bond energy? 
 The energy required to break 1 mole of gaseous bonds. 
  
 Describe and explain what is observed when a red-hot wire is plunged into 

separate samples of the gaseous hydrogen halides HCl and HI. How are bond 
energy values useful in interpreting these observations? 

 For the sample containing HCl nothing happens as the bond energy is too strong. 
However hydrogen-halide bond energy decreases down the group, so the wire 
releases enough energy to break the HI bond, so we observe purple fumes. 

 

 

 

 

 

  



Unit 2: Electrochemistry 

 Define the term standard cell potential. 
 The potential difference between two electrodes in a cell, in standard conditions 

of 1 atm, 298 K, and all solutions at 1 moldm-3 concentration. 
  
 What is meant by the term standard electrode potential. 
 The voltage produced when a standard half-cell is connected to a standard 

hydrogen cell under standard conditions. 
  
 Suggest how the E for this electrode would differ from its E° value if the 

concentration of Pb+2
(aq) ions is reduced. 

                                                 Pb+2 + 2e-  ⇌  Pb                            E° = - 0.13 V 
 The voltage gets more negative as [Pb+2] decreases causing the equilibrium to 

shift towards the direction in which concentration of Pb+2 increases due to le 
chatelier principle which is the left direction reaction causing the potential 
difference to become more negative.  

  
 Predict the effect of decreasing the concentration of Cl-

(aq) on the magnitude of 
the cell potential. 

Cl2 (g) + 2Fe+2
(aq)  →  2Cl-(aq) + 2Fe+3

(aq) 

 Cell voltage increases as concentration of Cl- decreases because the Cl2/Cl- 
electrode potential increases. 

  
 State the charge carrier that transfer current through the solution and the wire. 
 Ions (H+/X+) carry the charge through the solution, whereas electrons carry 

charge through the wire. 
  
 If E°

cell is positive explain whether there will be more products or reactants at 
equilibrium. 

 The reaction will proceed in the forward direction so there will be more products 
than reactants. 

  
 
 
 
 

 
 
 



 How would the Ecell of the above cell change, if at all, if a few cm3 of 
concentrated Na2SO4 (aq) were added to the beaker containing Fe+3

(aq)/Fe+2
(aq) 

and Ag2SO4 (aq)? 
 Fe+3

(aq)/Fe+2
(aq) : No change will occur. 

Ag2SO4 (aq) : Ecell would become less positive as [SO4
-2] will increase and due to the 

common ion effect the ionization of Ag2SO4 will move in the forward direction 
and thus lowering the concentration of [Ag+] and as Ag+ is the reducing species 
the potential difference decreases and thus decreasing Ecell. 

  
 How would the Ecell of a cell compare to the Ecell under standard condition? 
 Ecell would be less positive because the concentration of the reducing species 

decreases, lowering the potential in the cathode, decreasing the overall potential 
difference of the cell. 

  
 Use relevant information from the Data Booklet to identify the substances 

formed at the anode and at the cathode when aqueous solutions of the 
following compounds are electrolysed. 

 

 
  
 

 



  

 
i)  Suggest a reason why the voltage of the lead-acid cell changes after several 
hours. 

 Reagents (PbO2 and H2SO4) are used up and concentration decreases causing the 
voltage to decrease over time. 

  
 ii) Suggest a reason why the voltage of the H2/O2 fuel cell remains constant. 
 As the fuel, H2 and O2, is being continuously supplied, fuel does not run out and 

fuel concentration remains constant leading to voltage remaining constant. 
  
 Suggest how the electrical conductivity will change as the reaction proceeds. 
 Conductivity decreases during the reaction, as number of ions are decreased 

(used up from solution). 
  
 Describe a suitable method for studying the rate of reaction at 40°C. 
 Get both solutions at 40°C by using a water bath and thermometer to measure 

the temperature of the water. Remove 10 cm3 of solution and mix them in a 
beaker which has been attached to an electrical conductance meter, starting the 
stop clock immediately. Measure the conductance at intervals of 1 minute (0, 1, 
2, ... minutes) until the value of conductance is constant. Repeat the experiment 
at different concentrations. Prepare a curve of conductance vs tome, using a key 
to differentiate between different concentrations. 

  
 Use data from the data booklet to predict what happens to the nickel at the 

anode. 
 E (Ni) = -0.25, so nickel is readily oxidised so goes into the solution as Ni+2 and is 

not deposited as a metal. 
 



Unit 3: Ionic Equilibria 

 Explain what is meant by the term buffer solution. 
 It is the solution that resists changes in pH when a small amounts of acid or bases 

are added. 
  
 Explain what is meant by the term partition coefficient. 
 It is the ratio of the concentration of a solute in two immiscible solvents at 

equilibrium. 
  
 State what is meant by reversible reaction and dynamic equilibrium. 
 A reversible reaction is one that can go in either direction. 

A dynamic equilibrium is when the rate of forward reaction is equal to the rate of 
backward reaction. 

  
 Explain what is meant by the term weak acid. 
 An acid that does not completely dissociate in an aqueous solution. 
  
 Explain what is meant by Brønsted-Lowry theory of acids and bases. 
 A Brønsted-Lowry acid is defined as a substance that gives up or donates 

hydrogen ions during a chemical reaction. In contrast, Brønsted-Lowry base 
accepts hydrogen ions. Another way of looking at it is that a Brønsted-Lowry acid 
donates protons, while the base accepts protons. 

  
 Explain how a buffer solution relies on a reversible reaction involving a 

Brønsted-Lowry acid such as HZ and a Brønsted-Lowry acid such as Z-. 
 In an equilibrium, HZ  +  H2O  ⇌  Z-  + H3O+, when an acid is added the reaction 

moves to the left. When a base is added reaction moves to the right, 
HZ  +  OH  ⇌  Z-  + H2O. 

  
 Name the three types of bonds in NH4F. 
 Ionic bonding: NH4

+ and F- 
Covalent bonding: N and H 
Co-ordinate bonding: NH3 and H 

  
 



 The reaction between NH3 and HF is reversible. What conditions of 
temperature and pressure would favour the reverse reaction? 

 High temperature as reverse reaction is endothermic. Low pressure because 1 
mole is forming 2 moles, which increases partial pressure as the there is in 
increases in the number of gaseous molecules. 

  
 State and explain how the value of Kw for hot water will be different from its 

value for cold water. 
 Kw will be higher in heat because Kw is equal to the concentration of hydrogen 

and hydroxide ion, when heat is applied the reverse reaction (H++OH-⇌H2O) will 
be favoured leading to an increase in concentration of hydrogen and hydroxide 
ions and thus leading to an increase in Kw 

  
 Give reasons for why the pKa value for: 

 i ) Ethanoic acid is smaller than that for propanoic acid 
ii ) Chloroethanoic acid is smaller than that for ethanoic acid 
iii) 2-chloropropanoic acid is smaller than that for 3-chloropropanoic acid 

  i ) Ethanoic acid is a stronger acid than propanoic acid because propanoic acid 
has one more alkyl group (CH2), as an alkyl group is an electron donating group 
so it donates its negative charge towards the COO– group of the carboxylate ion, 
making it more likely to accept an H+(aq) ion. Thus causing the −OH bond to 
strengthen and release of H+ ions to be harder as compared to ethanoic acid.  
 
ii ) Chloroethanoic acid is a stronger acid than ethanoic acid, because Cl (high 
electronegativity) is an electron withdrawing group and as such stabilizes the 
RCO2

- anion and weakens the −OH bond causing the H+ bond to be more easily 
released. 
 
iii) 2-chloropropanoic acid is a weaker acid than 3-chloropropanoic acid since the 
Cl atom is closer to the acid group (CO2

-) and as such effects it more, in 3-
chloropropanoic acid the Cl atom is further away and thus has a weaker electron 
withdrawing effect on the acid group. 

  
 
 
 



 Give reasons why the pKa value of a diacid is smaller than that of a monoacid. 
 Diacids are more acidic than monoacids as the acid group in an electron 

withdrawing group, and as such stabilizes the RCO2
- anion and weakens the −OH 

bond causing the H+ bond to be more easily released. 
  
 Suggest why removing the second hydrogen from a diacid has a larger pKa 

value than the removal of the first hydrogen. 
 Removing H+ from an anion is not electrostatically favorable, and thus it is harder 

to remove the H+. 
  
 Explain why the pKa value of ethanoic acid is smaller than that of ethanol. 
 Ethanoic acid is a stronger acid than ethanol because the acid is stabilized by 

charge delocalisation. Thus the −OH bond is weakened due to C=O bond 
(carbonyl group) (the second electronegative oxygen atom which attracts 
electrons from the oxygen weakening the hydroxide bond).  

  
 Write two equations to show how a solution containing a mixture of H2PO4

- 
and HPO4

-2 acts as a buffer. 
 H2PO4

-  +  OH-  →   HPO4
-2  + H2O 

HPO4
-2  +    H+   →  H2PO4

-   
  
 The H2PO4

-  ion also act as a base and HPO4
-2 ion can also act as an acid. Write 

an equation to show this. 
 HPO4

-2  +  OH-  →   HPO4
-2  + H2O 

H2PO4
-  +    H+   →  H2PO4

-   
  
 Write equations to show how the hydrogencarbonate ion, HCO3

-, controls the 
pH of the blood. 

 HCO3
-  +  OH-  →   CO3

-2  +  H2O 
HCO3

-  +   H+   →    CO2    +  H2O 
  
 How can a buffer solution be prepared from ethanoic acid and a named base? 
 CH3CO2H  +  NaOH  →  CH3CO2Na  + H2O 
  

 
 



 Many enzymes contain transition metal complexes. Describe how an enzyme 
catalyses the breakdown of a substrate molecule. 

 

 

Substrate shape is complementary to active site so the substrate binds into the 
active site, forming the enzyme substrate complex. The enzyme substrate 
complex is a temporary molecule formed when an enzyme comes into perfect 
contact with its substrate. The active site is the area of the enzyme capable of 
forming weak bonds with the substrate. Which lowers the activation energy (EA) 
of the reaction and weakens bonds in the substrate. Forming a product, changing 
the enzyme substrate complex to the enzyme product complex. The bonds 
between the products and the enzyme break releasing the products. 

  
 

 

When the switches were closed, bulb 1 was brighter than bulb 2. Explain why. 
 HCl is a stronger acid than ethanoic acid and as such dissociates more, leading to 

more ions in the aqueous solution. As such more charge can be carried, leading 
to a higher current, and thus bulb 1 is brighter than bulb 2. 

  
 Explain whether magnesium hydroxide would be more or less soluble in 0.1 

moldm-3 MgSO4(aq) than in water.  
 It would be less soluble as the concentration of Mg+2 would increase causing the 

reaction to go to the left (Mg(OH)2 ⇌  Mg+2 + 2OH-). 
  
  
 

https://biologydictionary.net/substrate/
https://biologydictionary.net/molecule/


Unit 4: Reaction Kinetics 

 What is meant by order of reaction with respect to a particular reagent? 
 Power to which concentration of the reactants is raised to in a rate equation. 
  
 Explain what is meant by the term catalyst. 
 A catalyst speeds up the rate of a reaction by lowering the Ea by offering a lower 

energy pathway, and is not used up in the reaction. 
  
 What is meant by the half-life of a reaction? 
 Time taken for the concentration of a reactant to fall to half its original value. 
  
 What is meant by the term rate-determining step? 
 The slowest step in a multi-step reaction. 
  
 Explain why the rate increases with increasing temperature. 
 Because K increases as rate increases. 
  
 What would be the effect on the half-life of this reaction if the initial 

concentration of reactant was doubled? 
 There is no effect on the half-life. 
  
 State the relationship between solubility and Ksp. 
 Solubility is proportional to Ksp. As Ksp increases so does solubility. 
  
 Suggest what is observed when a few cm3 of concentrated Na2CO3 (aq) are 

added to a saturated solution of MgCO3. 
 MgCO3 precipitates forming a white solid, as CO3

-2 concentration increases 
shifting the equilibrium to decrease the CO3

-2 concentration and thus the 
reaction prefers to form MgCO3. 

  
 Why is it impossible to determine order of reaction of H2O in this experiment? 
 Because H2O is the solvent, its concentration doesn't change. 
  

 
 



 Catalysts can be classified as heterogeneous or homogeneous, complete the 
table. 

 

 
  
 Explain the difference between heterogeneous and homogeneous catalysts. 
 Heterogeneous catalysts are in a different physical state from the reactants and 

homogeneous catalysts are in the same physical state as the reactants. 
  
 Describe, with the aid of a reaction pathway diagram, the effect of a catalyst 

on a reversible reaction. Suggest why catalysts are used in industrial processes. 
 

 
Catalyst lowers Ea for both the forward and the backward reactions so the 
process requires less energy and can occur at a lower temperature. 

  
 Explain why nitrogen monoxide is formed in the car engine. 
 High temperature procides the energy to break the N≡N bond. 
  



 

 
  
 State and explain the effect on increasing temperature on the rate of reaction. 
 

 

Increasing temperature increases rate and energy of the particles increases, so 
more particles have Ea. 

  
 State the units of the rate constant. 
 S-1 
  



 

 
  
 

 
  
 The rates of reactions 2 and 3 are both faster than that of reaction 1, suggest 

why. 
 Because ions in 2 and 3 are opp. charged ions so they attract each other whereas 

ions in 1 have the same charge so they repel each other and as such it is harder 
for them to react. 

 



Unit 5: Group II 

 Explain why Group 2 nitrates become more stable to heat down the group. 
 The cationic radii increases down the group, so the Group 2 ion has lower charge 

density down the group, and thus there is less polarisation and distorts the 
nitrate ion less. The less distorted the nitrate ion is, the more stable it is, and so a 
higher temperature is required to decompose the nitrate down the group. 

  
 Suggest why the group I nitrates other than LiNO3 do not decompose in this 

why when heated. 
 The charge density of the other cations are too small to polarize the anion 

sufficiently so the anion is less distorted and thus more stable. 
  
 Predict what you would  see if a sample of lithium nitrate was heated. 
 Since the nitrate decomposes. Brown fumes of NO2 are evolved and O2 gas 

relights a glowing splint. 
  
 Explain why Group 2 carbonates become more stable to heat down the group. 
 The cationic radii increases down the group, so the Group 2 ion has lower charge 

density down the group, and thus there is less polarisation and distorts the 
carbonate ion less. The less distorted the carbonate ion is, the more stable it is, 
and so a higher temperature is required to decompose the carbonate down the 
group. 

  
 Predict what you would  see if a sample of lithium carbonate was heated. 
 Since the carbonate decomposes. CO2 gas is evolved and carbon dioxide reacts 

with calcium hydroxide solution to produce a white precipitate of calcium 
carbonate. Limewater is a solution of calcium hydroxide. If carbon dioxide is 
bubbled through limewater, the limewater turns milky or cloudy white. 

  
 Calcium reacts vigorously with HCl (aq) producing H2 (g). How would you expect 

the enthalpy change for this reaction to compare with the enthalpy change for 
the reaction where HNO3 (aq) is used in place of HCl? 

 A similar enthalpy change, as both acids are strong acids and fully ionise. 
  

 



 Suggest the type of bonding that occurs between H2O and Mg+2/NO3
-. 

 H2O and Mg+2:  dative coordinate bonding 
H2O and NO3

-:  hydrogen bonding 
  
 Describe in detail what you would observe when crystal of Mg(NO3)2.6H2O are 

heated in a boiling tube, gently at first and then more strongly. 
 Mg(NO3)2.6H2O  →  Mg(NO3)2  +  6H2O 

Mg(NO3)2   →  MgO  +  2NO2  +  1
2
O2 

The solid dissolves as the water is removed from the metal ion, and as such 
condensation forms on the tube from the removal of H2O. The white solid of 
MgO remains. Brown fumes of NO2 are evolved. The gas formed relights a 
glowing splint. 

  
 Explain why Group 2 hydroxides become more stable to heat down the group. 
 The cationic radii increases down the group, so the Group 2 ion has lower charge 

density down the group, and thus there is less polarisation and distorts the 
hydroxide ion less. The less distorted the hydroxide ion is, the more stable it is, 
and so a higher temperature is required to decompose the hydroxide down the 
group. 

  
 State the trend in temperature of thermal decomposition of group 2 

carbonates and nitrates? 
 It increases down the group. This is because the group 2 ion has lower charge 

density, down the group and thus distorts the carbonate ion less. The less 
distorted the carbonate ion is, the more stable it is, and so a higher temperature 
is required to decompose the carbonate. 

 

 

 

 

 

 

 



Unit 6: Inorganic Chemistry 

 Complete the table to show how both AgNO3 (aq) and NH3 (aq) could be used to 
distinguish between solutions of NaCl (aq) and NaI (aq). 

 

 
  
 Suggest the trend in the first electron affinity of the elements in group 17. 
 Electron affinity becomes less exothermic down group 17. Electron affinity is 

dependent on the electron-nucleus distance which increases down the group, 
thus the nuclear attraction on the outermost shell decreases as you go down the 
group making it harder to accept electrons. 

  
 Complete the table for the reactions of two period 3 chlorides with water. 
 

 
  
 State two assumptions of the kinetic theory of gases, as applied to ideal gases. 
 In ideal gases molecules have negligible volume, negligible intermolecular forces, 

particles are not attracted to each other or to the walls of the container, they 
have random motion, there is no loss of kinetic energy during collision. 

  
 State the conditions of temperature and pressure under which real gases 

behave least like an ideal gas. 
 Low temperature, as temperature decreases, the average kinetic energy of the 

gas particles decreases. A larger proportion of gas molecules therefore have 
insufficient kinetic energy to overcome attractive intermolecular forces from 
neighbouring atoms. At high pressure the volume of molecules become 
significant. 

  



 Describe and explain the trend in bond energies of the bonds in Cl2, Br2, and I2. 
 Bond energies decrease from chlorine to iodine due to increasing bond length 

leading to lower orbital overlap and thus less attraction for the shared pair of 
electrons, thus decreasing bond energy as you go down the group. Fluorine does 
not follow this trend as it is electronegative, hence each F wants to keep its 
electrons to itself, decreasing the bond energy. Repulsion between the lone pairs 
or the nuclei of the fluorine atoms due to shorter bond length. 

  
 Explain the trend in the thermal stabilities of the hydrides of Group VII. 
 Hydrides become less thermally stable down the group from Cl to I as the H-X 

bond energy decreases. 
  
 Urea can be applied directly to the soil either before or during the growing of 

crops. What would be a major disadvantage of using lithium nitride in the way? 
 Lithium nitride would form lithium hydroxide and would increase the pH of the 

soil, would stunt plants and reduce plant growth, and would contaminate the 
environment. 

  
 Fluorine is much more electronegative than both silicon and sulfur, but 

whereas the molecule of SF4 has an overall dipole, that of SiF4 has none. 
 In SiF4 all dipoles cancel out as the bonds are symmetrical, but in SF4 there is a 

lone pair on sulfur which repels the bonds and thus the partial charges do not 
cancel out as they are asymmetrical.   

  
 For phosphorus and sulfur, describe the observations you would make when it 

burns in air. 
 Phosphorus: A white flame and copious white fumes are observed. 

P4  +  5O2  →  P4O10 
Sulfur: A blue flame and a choking pungent gas is observed. 

S8  +  O2  →   SO2 
  
 What will you observe when silicon(IV) chloride and phosphorus(V) chloride 

are separately mixed with water? 
 Silicon(IV) chloride: A white solid is formed and white steamy fumes are evolved. 

Phosphorus(V) chloride: Fizzes and white steamy fumes are produced. 
SiCl4  +  2H2O  →  SiO2  +  4HCl            PCl5  +  4H2O  →  H3PO4  +  5HCl 



  
 What will you observe when magnesium chloride, aluminium chloride, and 

silicon tetrachloride are separately mixed with water? 
 Magnesium chloride: dissolves and forms a colourless solution 

Aluminium chloride: produces a white ppt. and steamy fumes. 
Silicon tetrachloride: produces a white ppt. and steamy fumes. 

2AlCl3  +  3H2O  →  Al2O3  +  6HCl              SiCl4  +  2H2O  →  SiO2  +  4HCl 
  
 State a major source of nitrogen oxides in the atmosphere. 
 Car exhausts, Aeroplanes, Lightning, Burning fuels, Power Stations, give the 

energy (high temperature to break the N≡N) for the reaction of nitrogen and 
oxygen to occur to produce nitrogen oxide. N2 + 2O2 → 2NO2 

  
 State a major source of sulpher dioxide in the atmosphere. 
 Car exhausts, Burning of fossil fuels (coal/oil/petrol/gas/diesel), Roasting of 

sulphide ores, Cement Manufacture, Volcanoes. 
  
 Describe the role played by nitrogen oxide in the formation of acid rain. 
 NO2  +  SO2  →  NO  +  SO3                                             NO  +  1

2
O2  →  NO2 

SO3   +  H2O  →  H2SO4                                                    3NO2  +  H2O  →  H2NO3  + NO 
  
 Dot and cross diagram for the electronic structure for nitrogen monoxide. 
 

 
 

 



 

 



Unit 7: Transition Elements 

 Explain what is meant by the term transition element. 
 A 3-d block element that forms one or more stable ions or oxidation state with 

an incomplete d-orbital. 
  
 Define the term transition metal complex. 
 A central metal atom being surrounded by one or more ligands. 
  
 What is meant by the terms ligand, monodentate ligand, and bidentate ligand? 
 Ligand: a species that uses a lone pair of electrons to form a dative bond to a 

metal ion 
Monodentate ligand:  ligands that form only one dative bond with the central 
metal ion in a complex ion 
Bidentate ligand: ligands that form two dative bonds with the central metal ion 
in a complex ion 

  
 What is meant by the term co-ordination number? 
 The number of dative bonds formed by ligand with the central metal ion. 
  
 Define the term structural isomer. 
 Same number and type of atoms are present but are arranged in a different 

structural formula. 
  
 What is meant by the term stability constant, Kstab? 
 Equilibrium constant for the formation of a complex ion in a solvent from its 

constituent ions. 
  
 What is meant by the term complex ion? 
 A central metal atom or ion surrounded by one or more ligands. 
  
 What is meant by the term degenerate and non-degenerate? 
 Degenerate means all orbitals are of equal energy. The dative bonding from the 

ligands causes the five d orbitals to split into two sets. These two sets are not 
equal in energy and are described as being non-degenerate orbitals. 

  



 State the type of bonding between metal ion and ligand in a metal complex. 
 Co-ordinate dative bonding 
  
 What type of isomerism is shown by the following complexes? 
 Octahedral: geometrical and optical isomerism 

Square planar: geometrical isomerism 
Tetrahedral: neither geometrical or optical isomerism 

  
 Explain why transition metal complexes are coloured. 
 Transition metal ions generally possess one or more unpaired electrons. When 

visible light falls on a transition metal compound or ion, the unpaired electrons 
present in the lower energy d-orbital get promoted to the high energy d-orbitals, 
called d-d transition, due to the absorption of visible light. Since, the energy 
involved in d-d transition is quantized, only a definite wavelength gets absorbed, 
remaining wavelengths present in the visible region gets reflected. Therefore, 
reflected light shows some colour complementary to the absorbed colour. 

  
 The two compounds [Co(NH3)5Br]SO4 and [Co(NH3)5SO4]Br are different colors. 

Explain why the colours of the two compounds are different. 
 The energy gap is different for the two compounds and as such absorbs different 

wavelength of lights and as such reflect different wavelengths of light and as 
such are different colors.  

  
 Name the two types of reaction undergone by the metal ion. 
 Ligand exchange reaction and either oxidation or reduction 
  
 What is the shape of the d orbitals? 
 

 
  

 
 
 



 Show a degenerate and non-degenerate d-orbitals. 
 

 
  
 I- + S2O8

-2 → I2 + 2SO4
-2, explain why in the absence of a catalyst the Ea is high. 

 The two negatively charged species repel each other, and you need a lot of 
energy to overcome the repulsion. 

  
 [Ni(H2O)6] 2+ also reacts with en to form [Ni(en)3] 2+. 

Kstab [Ni(NH3)6]2+ = 4.8×107mol–6dm18               Kstab [Ni(en)3]2+ = 2.0×1018mol–3dm9 
A solution containing equal numbers of moles of ammonia and en is added to 
Ni2+

(aq). State which complex is produced in the larger amount. 
 [Ni(en)3]2+ would be formed because it is much more stable as its Kstab is much 

greater than that of the Kstab of [Ni(NH3)6]2+. 
  
 The diagram shows the visible spectrum of a solution of [V(H2O)6] 3+.State and 

explain what colour the solution is. 

 
 The color of the solution is green because the solution absorbs most strongly the 

blue and red wavelengths and reflects the green wavelengths. 
  
 Explain why there are no isomers of oxaloplatin. 
 There is no geometrical isomerism, and no optical isomerism as the mirror image 

is superimposable (the same). 
  

 



 How does cis-platin act as an important anti-cancer drug? 
 

 It can bind with DNA which prevents the replication of the DNA strand. 
  
 The numerical value for Kstab for this equilibrium at 298 K is 1.2 x 1013, explain 

how this value relates to the relative stabilities of the two complexes. 
 The product is more stable than the reactant. 
  
 Cobalt(II) ions, Co2+

(aq), show some chemical properties similar to those of 
copper(II) ions, Cu2+

(aq). 
 

 
  
 Which of the following species can act as a ligand? 
 Ligand: NO3

-, H2NCH2CH2NH2, OH-, CH3OH, CH3NH2, 
Non-ligand: BF3, NH4

+,  
  
 When the solution containing complex [CuCl2]- is poured into water, a white 

precipitate of CuCl is formed. Explain why CuCl does not absorb visible light. 
 3-d shell is full, so no vacant or full d-orbital as such electrons cannot move 

between orbitals. 
  
 When NH3(aq) is added to the green solution containing [Ni(H2O)6] 2+, a grey-

green precipitate, A, is formed. This precipitate dissolves in an excess of NH3(aq) 
to give a blue-violet solution, B. Suggest formulae for A and B and write 
equations for the two reactions producing A and B. 

 A  Ni(OH)2(H2O)4                                      B  [Ni(NH3)6]2+ 
[Ni(H2O)6]2+ + 2OH– → Ni(OH)2 + 6H2O          Ni(OH)2 + 6NH3 → [Ni(NH3)6]2+ + 2OH– 

  
  



Describe the colour changes that occur when NH3 (aq) is gradually added, with 
stirring, to the yellow solution of [CuCl4]-2, until the NH3 (aq) is in excess. Identify 
the three ions or compounds responsible for the new colours. 

 Solution goes blue due to [Cu(H2O)6]+2 forming a blue ppt. of Cu(OH)2 (aq). Then 
the solution goes purple due to [Cu(NH3)4]+2. 

  
 What is meant by the density of  a substance? 
 Mass per unit volume. 
  
 In a free, gas-phase transition metal, the d-orbitals all have the same energy, 

but when the ion is in a complex the orbitals are split into two energy levels. 
 The orbitals near ligands are at a higher energy due to repulsion from the ligands 

lone pairs. 
  
 Why does the colour of a transition metal complex depend on the nature of the 

ligands surrounding the transition metal ion? 
 Different ligands produce different energy gaps, as such different wavelengths 

are absorbed in the d-d transition. 
  
 Describe the three characteristic chemical properties of transition elements. 
 Coloured compounds, different oxidation states, formation of complexes and 

catalytic activity. 
  
 State the relationship between the energy gap of non-degenerate orbitals and 

wavelength of light absorbed. 
 The energy gap is inversely proportional to the wavelength of light absorbed. 
  
  
  
  
 

  



Unit 8: Hydrocarbons 

 What is the general formula of the alkynes? 
 CnH2n-2 
  
 Describe the structure of and bonding in benzene C6H6. 
 Sigma bonds between C−C and C−H, π bonds formed from the overlap of p-

orbitals above and below the ring, due to the delocalisation of the 12 electrons. 
The bond angle is 120°, the length of all the C−C bonds are the same. All the 
carbons are sp2 hybridised. 

  
 Describe how the structure and bonding of the six-membered ring in 

intermediate molecule differs from that in benzene. 
 Bonds and electrons are partially delocalised in the intermediate molecule. The 

delocalised π system extends over only five carbons, whereas in the benzene it 
extends over all six carbons. There are four π electrons in the delocalised system 
of the intermediate and methylbenzene has six π electrons, two more 
delocalised electrons. In the benzene all the carbons are sp2 (120°) hybridised, 
whereas in the intermediate one carbon is sp3 (109.5°) hybridised.  

  
 Describe the relative acidities of chloroethanoic acid and ethanoic acid. 
 Acidity of chloroethanoic acidity is higher than that of ethanoic acid as chlorine is 

an electron withdrawing group. 
  
 Describe and explain the relative acidities of phenol and ethanol. 
 Phenol is more acidic then ethanol as lone pair of electrons on the oxygen on the 

phenol are delocalised into the π ring (benzene ring withdraws electrons from 
the oxygen) which weakens the O−H bond and makes it easier to release the H+ 
ion as compared to the ethanol. 

  
 Suggest why X is insoluble in water. 
 Compound is more non-polar, less ionic resulting in less hydrogen bonding with 

water. 
  
  

 



 Suggest why bromobenzene is still unsaturated. 
 The ring of the pi electrons in benzene is a stable configuration. 
  
 Suggest why is it impossible to make iodoethane by reacting iodine and 

ethane. 
 Reaction with iodine is exothermic as the ∆H is exothermic and requires energy. 
  
 Suggest why NaOH, H2SO4, K2Cr2O7, do not attack an alkane such as CH4. 
 Alkanes are non-polar and have no dipole as C and H have similar 

electronegativities. C−H bonds are strong. 
  
 Explain the term homolytic fission. 
 Breaking of a bond to form two radicals/neutral species/odd-electron species 
  
 Suggest the most likely organic radical that would be formed by the homolytic 

fission of bromochloromethane. 
 ●CH2Cl, the C−Br bond is the weakest, needs least energy to break. 
  
 Briefly explain why the benzene molecule is planar. 
 Because the carbons are sp2 hybridised, joined by π bonds, and all bond angles 

are 120°, so the shape of the molecule trigonal planar. 
  
 Explain why all the carbon-carbon bonds in benzene are the same length. 
 Because the π electrons are delocalised, so they are spread out and evenly 

distributed and as such are of the same length. 
  
 Why do ethene and benzene differ in their reaction with bromine? 
 Delocalised ring of electrons in benzene is stable so it is reformed in the end of 

the reaction. Electrons in the ethene π bond are localized and more available for 
reaction with electrophile. 

  
 Suggest why nitrophenol is more acidic than phenol. 
 Nitrophenol is more acidic as it dissociates more as NO2 is an electron 

withdrawing group making the anionic charge spread out stabilizing the benzene 
ring and weakening the O−H bond making it easier to release the H+ ion. 

  



 Describe how the acidities of ethanol and phenol compare to that of water. 
 Phenol is more acidic than water due to the stabilization of the anion, which 

weakens the hydroxide bond making it easier to release the H+ ion. 
Water is more acidic than ethanol due to the positive inductive effect of C2H2 
group, as the group gives an electron to the oxygen making the hydroxide bond 
stronger. 

  
 What is meant by the term structural isomerism? 
 Same molecular formula but different structural formula. 
  
 Explain why phenol is more soluble than benzene. 
 Phenols can form hydrogen bonding to water molecules due to the OH groups 

and thus being more soluble than benzene. 
  
 Explain why phenol is more acidic than cyclohexanol. 
 Phenoxide anion is more stable than cyclohexanol due to the lone pair over the 

ring, so the OH bond is more weaker due to the delocalisation of charge. 
Whereas the cyclohexanol has an alkyl group which is electron donating which 
strengthens the OH bond. 

  
 Explain why chlorobenzene is much less reactive than 1-chlorohexane. 
 The lone pair on the chlorine delocalize into the benzene ring forming a pi bond. 

This is a very strong stable C−Cl bond and thus making it less reactive than 1-
chlorohexane where Cl only forms a sigma bond with the hexane molecule which 
is easier to break and thus making chlorobenzene more reactive. 

  
 What is meant by the term zwitterion? 
 A species having positive and negative charges with no overall charge. 
  
 Explain how the amino groups in ethane-1,2-diamine allow the molecule to act 

as a Brønsted-Lowry base. 
 Nitrogen has a lone pair of electrons which accepts a proton, H+. 
  
 Define the term stereoisomerism? 
 Same molecular and structural formula but different spatial arrangement. 
  



 Explain why ethylamine is basic. 
 Nitrogen has a lone pair of electrons that are able to react with hydrogen ion H+. 
  
 Suggest what effects the NaO3S- group in methyl orange has on its properties. 
 Makes the molecule soluble in water, due to hydrogen bonding, increases its 

melting point. 
  
 What is a protein? 
 A polymer of amino acids joined by peptide bonds. 
  
 Suggest why the boiling point of ethanolamine is much higher than that of 

propylamine. 
 Ethanolamine has hydrogen bonding whereas propylamine. 
  
 Describe the relative basicities of propylamine and phenylamine. 
 Propylamine is more basic than phenylamine because lone pair on N is 

delocalised over ring in phenylamine (so less available for the addition of a 
proton), the propyl group is electron-donating, so the lone pair is more available. 

  
 What type of bonding is responsible for stabilising the β-pleated sheet in silk? 
 Hydrogen bonds 
  
 Outline what is meant by the terms primary, secondary, tertiary structure of a 

protein. 
 Primary structure: sequence of amino acid, bonded by covalent amide bond. 

 
Secondary structure: regular, recurring arrangements in space of adjacent amino 
acid in a polypeptide chain. It is maintained by hydrogen bonds between amide 
hydrogens and carbonyl oxygen of the peptide backbone. The major secondary 
structures are α-helices and β-structures. 
 
Tertiary structure: folding of polypeptide chain which gives it its 3D shape. It is 
maintained by the hydrogen bonding, ionic interactions, van der waal's forces, 
and disulphide bridges. 

  
 



 Suggest why makes the β-pleated sheet in β-keratin so much less flexible than 
the β-pleated sheet in silk. 

 There are disulphide linkages between the sheets in β-keratin but only can der 
waals interactions between the layers of silk. 

  
 Describe and explain how the basicities of ethylamine and phenylamine 

compare to that of ammonia. 
 In terms of increasing basic ability, Ethylamine > Ammonia > Phenylamine. 

The reason why phenyl amine (containing a benzene ring) is a weaker base than 
ammonia is because the delocalised ring of electrons in the benzene ring has an 
electron-withdrawing effect. This results in the lone pair of electrons on the 
Nitrogen atom of phenyl amine being drawn into the ring. Therefore, the ability 
of phenyl amine to accept a proton is reduced and so it has less basic ability than 
ammonia.  
On the other hand, ethyl amine (containing an ethyl group), is a stronger base 
because the ethyl group has an electron-donating effect. This makes it easier for 
the Nitrogen to accept a proton with its lone pair of electrons and therefore 
ethyl amine has improved basic ability over ammonia. 

  
 What is meant by the term chiral centre? 
 Chiral center is a carbon that has four different groups/species attached to it. 
  
 What is meant by the term polymerisation? 
 Many monomers from a polymer. 
  
 What is meant by the term structural isomerism? 
 Compounds that have the same molecular formula but different structural 

formula. 
  
 State the relative rates of hydrolysis of the following compounds, CH3CH2CH2Cl, 

CH3CH2COCL, and C6H5Cl. 
 Rate of hydrolysis will decrease in the order: CH3CH2COCl > CH3CH2CH2Cl > C6H5Cl 

Acyl chlorides are readily hydrolysed to carboxylic acids even by water. 
Chlorobenzene requires high temperature and pressure for hydrolysis to phenol 
by alkalis. In between the two come the alkyl halides in getting hydrolysed. 
 



The hydrolysis can be classified as a condensation reaction, as there is an initial 
addition reaction of water across the  C  O bond, followed by elimination of a 
small molecule, in this case HCl. This reaction is far more vigorous than the 
hydrolysis of chloroalkanes (see page 219). The hydrolysis of chloroalkanes 
needs a strong alkali, such as aqueous sodium hydroxide, to be refluxed with the 
chloroalkane to hydrolyse it. The nucleophile needed to hydrolyse a chloroalkane 
is the negatively charged hydroxide ion, OH–. However, a neutral water molecule 
is sufficient to hydrolyse an acyl chloride quickly at room temperature. This 
difference is due to the carbon bonded to the chlorine atom in a chloroalkane 
not being as strongly δ+ as the carbon atom in an acyl chloride. Remember, in an 
acyl chloride the carbon bonded to the chlorine atom is also attached to an 
oxygen atom. It has two strongly electronegative atoms pulling electrons away 
from it. Therefore the attack by the nucleophile is much more rapid. Aryl 
chlorides, such as chlorobenzene, will not undergo hydrolysis. The carbon atom 
bonded to the chlorine atom is part of the delocalised π bonding system of the 
benzene ring. The p orbitals from the Cl atom tend to overlap with the 
delocalised p electrons in the benzene ring. This causes the C — Cl bond to have 
some double bond character, making it stronger, and hydrolysis does not occur. 
 

 



ENLIGHTISM.COM

Contact Us For Queries
Or Suggestions
Email us at: contact@enlightism.com

Follow Us At:
@enlightism

All rights reserved  2023
No part of this document may be copied or re-uploaded to another website without the express, written
permission of the copyright owner. Under no conditions may this document be distributed under the
name of false author(s) or sold for financial gain; the document is solely meant for educational purposes
and it is to remain a property available to all at no cost.

Copyright © 2023 Enlightism


