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Section 2 Short Answer





35% (55 marks)

Question 21









        (13 marks)

Consider the solubility information given in the table below.

	
	Solubility in water (g per 100 mL)

	Potassium nitrate (KNO3)
	32.0

	Ammonium nitrate (NH4NO3)
	150

	Potassium phosphate (K3PO4)
	90.0


(a)
Classify the solutions below as ‘saturated’, ‘unsaturated’ or ‘supersaturated’. Explain your reasoning.








(5 marks)

(i) 216 g of K3PO4 was dissolved in 240 mL of water.

· saturated

· 90 x 2.4 = 216 g i.e. 216 g can dissolve in 240 mL of water

(ii) 0.375 mol of KNO3 was dissolved in 170 mL of water.

· unsaturated

· m(KNO3 dissolved in 170 mL) = nM = 0.375 x 101.11 = 37.9 g 

· 32 x 1.7 = 54.4 g i.e. max of 54.4 g can dissolve in 170 mL of water

(b)
A saturated solution of NH4NO3 was prepared. Describe how this could be used to form a supersaturated solution.






(3 marks)

· the solution would be heated

· then more NH4NO3 solute would be dissolved

· then the solution would be cooled back to original temp

The two solutions described in part (a) were mixed together.

(c)
Calculate the final concentration (in mol L-1) of potassium ions (K+) in the resulting solution.









(5 marks)

n(K3PO4)
=
m/M



=
216 / 212.27



=
1.017572 mol

n(K+ from K3PO4)
=
3 x n(K3PO4)




=
3 x 1.017572 




=
3.052716 mol

n(K+ from KNO3) 
= 
n(KNO3)

=
0.375 mol

n(K+ total)
=
3.052716 + 0.375



=
3.427716 mol

c(K+ total)
=
n(total) / V(total)



=
3.427716 / 0.410



=
8.36028 mol L-1


=
8.36 mol L-1     (3sf)

Question 22









          (7 marks)

Organic compounds can undergo many different types of reactions.

(a)
Complete the reaction below by adding the inorganic reactant and drawing the structural diagram for the organic product formed.




(2 marks)
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(b)
Complete the reaction below by giving the IUPAC name for the organic reactant and the structural diagram and IUPAC name for the organic product formed.
(3 marks)




(c)
Name the type of reaction occurring in;




(2 marks)

(a) substitution

(b) addition / halogenation

Question 23 









(6 marks)

Most modern cars are powered by an engine with a 4-stroke combustion cycle. The purpose of each stroke is described below.

1. Intake stroke
    -
the fuel is injected in as a fine mist, where it mixes with air


2. Compression stroke   -
the fuel/air mixture is compressed into a small volume


3. Combustion stroke
    -
a spark plug ignites the fuel/air mixture, which explodes


4. Exhaust stroke
    -
exhaust fumes leave through the valve

Explain, in terms of the collision theory, how each of the conditions described in stroke 1, 2 and 3 affect the rate of reaction between the fuel and the air.

· The fuel being injected in as a fine mist increases the surface area of the fuel. This allows more collisions to occur and therefore a faster reaction rate.


(2)

· The fuel/air being compressed into a small volume increases the concentration of the reactants / partial pressure of each gas. This allows more collisions to occur and therefore a faster reaction rate.







(2)

· The ignition increases the temperature of the reactants, which increases the average kinetic energy of the particles. A greater proportion of reactants now have enough energy to overcome the activation energy barrier, which leads to a faster reaction rate.











(2)

Question 24









(7 marks)

Consider the information given in the table below.

	Dimethylamine
	Trimethylamine
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	Boiling point 8 (C
	Boiling point -3 (C


(a)
Dimethylamine has the ability to form hydrogen bonds. Explain in detail how hydrogen bonds form and draw a diagram showing these bonds in dimethylamine.
(4 marks) 

For a hydrogen bond to form a molecule must have;

· an H-F, H-O or H-N covalent bond

· a non-bonding pair of electrons

· the hydrogen bonds form between the hydrogen of the H-F/H-O/H-N bond and the non-bonding electron pair on the neighbouring molecule

 SHAPE  \* MERGEFORMAT 



(b)
Explain why trimethylamine has the stronger dispersion forces, but dimethylamine has the higher boiling point.







(3 marks)

· trimethylamine has stronger dispersion forces because it has a larger molar mass / greater total number of electrons / bigger size

· however these are not strong enough to compensate for the added strength of the hydrogen bonding present in dimethylamine

· therefore dimethylamine has overall the stronger intermolecular forces and therefore the higher boiling point

Question 25









(8 marks)
When scientists are looking for other planets that might support life, they search for those that may have liquid water. Water is one of the main reasons that life can exist on planet Earth.

One of the special properties of water is that its solid form (ice) is less dense than its liquid form.

(a)
Explain this property in terms of the structure and bonding present in water, and give an example of how this property of water is essential to the survival of many aquatic life forms found on Earth.







(4 marks)

· water has very strong hydrogen bonds between its molecules

· when freezing occurs, the molecules of water push further away from each other so that the hydrogen bonds can form the rigid, ordered structure of ice
· because the water molecules are now further apart than they were in the liquid state, ice has a lower density than water 
· this property allows aquatic organisms to survive because in cold climates, lakes, rivers and oceans will freeze from the top down, allowing organisms living in the water beneath to survive
Water that can be used for drinking is known as ‘potable’ water. In Perth, most of the potable water comes from groundwater or the ocean.

(b)
Briefly describe 2 of the processes that may be required to treat these sources of water before they are of suitable quality to join our water supply.


(4 marks)

Any two of the following processes; (1) naming process, (1) brief description

Groundwater

· Aeration



- remove dissolved noxious gases

· Chlorination



- oxidise contaminants

· Clarification/Precipitation

- clump solid particles together for removal

· Filtration



- remove solid particles

Seawater

· Distillation



- remove all contaminants

· Desalination



- reverse osmosis to purify water

Both

· Disinfection



- kill bacteria and viruses

· Fluoridation



- dental benefits

Question 26









(5 marks)
The equation below represents the reaction between solid iron (Fe) and hypochlorous acid (HClO).

6 HClO(aq)   +   6 H+(aq)   +   2 Fe(s)   (   3 Cl2(g)   +   6 H2O(l)   +   2 Fe3+(aq)

A piece of iron was placed in a solution of 1.53 mol L-1 hypochlorous acid. The reaction was allowed to go to completion and at the end all of the solid iron had reacted. If 1.48 L of Cl2 was produced at STP;

(a)
Calculate the volume of HClO that would have been required for the reaction to take place.









(3 marks)

n(Cl2)

=
V / 22.71



=
1.48 / 22.71



=
0.0651695 mol

n(HClO)
=
2 x n(Cl2)



=
2 x 0.0651695



=
0.130339 mol

V(HClO)
=
n / c



=
0.130339 / 1.53



=
0.0851889 L



=
0.0852 L     OR     85.2 mL     (3sf)

(b)
Calculate the mass of iron that must have been present.


(2 marks)

n(Fe)
=
n(Cl2) x 2/3


=
0.0651695 x 2/3


=
0.04344635 mol

m(Fe)
=
nM


=
0.04344635 x 55.85


=
2.42648 g


=
2.43 g     (3sf)

Question 27









(4 marks)

Complete the following table showing the structure and names of four hydrocarbons.

	Structure
	IUPAC Name
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	Butane
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	cis-2-pentene

or

cis pent-2-ene
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	2,3,3-trimethylhexane

	                                   or:
	ethylpentane


Question 28









  (5 marks)

Write ionic equations, including state symbols, for any reactions that occur in the following situations. 

(a)
Dilute sulfuric acid solution is added to aluminium metal. 


(3 marks)


6 H+(aq)     +     2 Aℓ(s)    →   2 Aℓ3+(aq)      +     3 H2(g)

	Description
	Marks

	Correct species
	½ 

	Equation balanced
	½ 

	Correct state symbols
	½ 

	Grey solid to clear solution and bubbles
	1 ½ 

	Total
	3


(b)
Solid magnesium oxide is added to dilute nitric acid.


(2 marks)


MgO(s)     +     2 H+(aq)     →   Mg2+(aq)      +     H2O(ℓ)

	Description
	Marks

	Correct species
	½ 

	Equation balanced
	1/2 

	Correct state symbols
	½

	White solid to clear solution
	½ 

	Total
	2


End of Section Two

Section Three:  Extended answer




      40%   (65 marks)
Question 29









        (16 marks)

The catalytic converter in a car takes in the undesirable gases produced by the combustion of petrol, such as carbon monoxide and various nitrogen oxides, and converts them into less harmful gases such as carbon dioxide, nitrogen gas and water. The less harmful gases are released into the atmosphere as we drive. 





NOx



    catalytic


N2 




hydrocarbons


   converter


H2O




CO







CO2 

Metals such as platinum, palladium and rhodium are used as the catalyst in a catalytic converter.

(a)
Explain what a catalyst is and describe its effect on the rate of a reaction.
(3 marks)

· a catalyst is a substance that increases the rate of the reaction without being used up in the reaction

· it functions by providing an alternate reaction pathway with a lower activation energy

· therefore a greater proportion of reactant particles have enough energy to overcome the activation energy barrier

The table below shows the major gaseous products to exit a catalytic converter.

(b) 
Complete this table by drawing the structural formula for each of the three gases, representing all valence shell electron pairs either as : or –.
 In addition, state the shape of the molecule, and indicate whether or not the molecule contains polar bonds or is a polar molecule.








(6 marks)

	
	Structural diagram
	Shape
	Polar bonds

(‘yes’ or ‘no’)
	Polar molecule (‘yes’ or ‘no’)

	N2
	[image: image7.emf]
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	no
	no

	CO2
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	yes
	no

	H2O
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	v-shaped / bent
	yes
	yes


(-1 mark per mistake)

A sample of exhaust fumes from a car was analysed by gas chromatography (GC) to determine the composition of the fumes and assess the effectiveness of the catalytic converter.

(c)
Briefly describe the principles of gas chromatography and state one reason why GC may have been chosen over other forms of chromatography to perform the analysis in this situation.








(4 marks)

· gas chromatography involves passing a sample of gas through a thin tube which is packed with an inert substance (such as silica) coated in a viscous non-volatile liquid

· an inert carrier gas such as helium acts as the mobile phase and moves the gas through the chromatography column where the various gas components move at different speeds as they interact with the stationary phase
· the gases separate based on their size/molar mass as well as their polarity and can be identified via their retention times
· GC works best for separating gaseous mixtures or mixtures that can easily be vaporised, which is why it is suitable for analysing car fumes
(d)
Elaborate on the information provided by this data, in terms of the composition of the car exhaust fumes and the effectiveness of the catalytic converter.

(3 marks)

· the car exhaust fumes contain the same nitrogen levels as an efficiently functioning catalytic converter 

· whilst all of the methane has been removed by the converter, a small amount of carbon monoxide is still present in the exhaust fumes, however this is greatly reduced from the levels seen without a catalytic converter

· the amount of carbon dioxide is comparable to, although slightly lower than, an efficiently functioning converter, presumably due to the small amount of carbon monoxide still present in the exhaust fume mixture

Question 30









(18 marks)


Benzene (C6H6)                          can be converted to cyclohexane (C6H12) 

by the addition of hydrogen. The reaction can be catalysed using metallic nanoparticles.

(a)
Using collision theory, explain why the metal catalyst is more effective in the form of nanoparticles than in the bulk form (larger pieces) of the metal. 

(2 marks)

	Description
	Marks

	Greater surface area in the nanoparticles
	1

	More chance of a collisions with the (metal) catalyst
	1

	Total
	2


(b)
Using the collision theory, and including an appropriate diagram, explain how temperature affects the rate of a chemical reaction. 




(4 marks)

	Description
	Marks

	Increasing temperature increases the average kinetic energy of the (reacting) particles
	1

	Diagram showing energy distribution of two temperatures
	1

	Diagram correctly labelled, including activation energy
	1

	Higher proportion of successful collisions / collisions with sufficient energy / collisions with greater than the activation energy / this idea shown on energy distribution diagram
	1

	Total
	4


(c)
Write a balanced chemical equation for this reaction.


(1 mark)

	Description
	Marks

	            C6H6    +    3 H2    →    C6H12
	1

	Total
	1


(d)
Calculate the mass of cyclohexane that can be produced from 750 g of benzene. 

(3 marks)

	Description
	Marks

	n(C6H6) = m /M = 750 / 78.108  = 9.602 mol
	1

	n(C6H12) =   (1/1)  ×  n(C6H6) =  9.602 mol

                                           
	1

	m( C6H12) =  m × M = 9.602  × 84.156  = 808 g
	1

	Total
	3


(e)
Calculate the volume of this amount of hydrogen gas at standard temperature and pressure (STP). 







(2 marks)

	Description
	Marks

	V = n × 22.71 = 28.806 × 22.71 = 654 L
	1

	Answer to 3 sig figures and correct units (for both answers in part (e))
	1

	Total
	2


(f)
During this process, the chemical engineer was concerned that cyclohexene (C6H10) might be formed in place of the cyclohexane.

(i) 
Describe a chemical test, including expected observations, that would detect the presence of cyclohexene in the products of this reaction. 

(2 marks)

	Description
	Marks

	Add bromine water / aqueous bromine to the products of the reaction

or:

Add acidified potassium permanganate solution to the products of the reaction
	1

	If cyclohexene present, bromine water will decolourise / go from orange to colourless

or:

If cyclohexene present, potassium permanganate solution will decolourise / go from purple to colourless
	1

	Total
	2


 (ii)
With reference to the equation in part (c), suggest how the chemical engineer can reduce the risk of cyclohexene being formed in the reaction. 
(1 mark)

	Description
	Marks

	Ensure that there is enough hydrogen present/supplied
	1

	Total
	1


 (g)
The percentage by mass of carbon in cyclohexane is 85.8%

(i)
Calculate the percentage by mass of carbon in benzene 

(1 mark)

	Description
	Marks

	M(C6H6)  = ((6 × 12.01) / 78.108) x100 = = 92.3 %
	1

	Total
	1


(ii)
Use you answer to (g) (i) to suggest why aromatic substances such as benzene burn with a more smoky flame than aliphatic compounds such as cyclohexane.









(2 marks)

	Description
	Marks

	Smoke in flames is caused by (unburnt) carbon
	1

	Aromatic compounds have a higher percentage of carbon than aliphatic compounds (therefore more likely to have unreacted carbon after combustion)

give credit for correct chemistry in answers in other suggestions here 
	1

	Total
	2


Question 31 









        (14 marks)

A chemist was preparing for his next experiment by organising and labelling all his bottles of solutions. He had five bottles to go when the fire alarm went off for a practice safety drill. When he got back to his bench later he found five bottles, each containing a clear colourless liquid. Next to these bottles were the remaining five labels;



   Barium hydroxide

     Sodium chloride

         Ethanoic acid


Ba(OH)2   0.25 mol L-1 
    NaCl    0.25 mol L-1 
CH3COOH     0.25 mol L-1 

 Hydrochloric acid

  Sodium hydroxide




HCl 
0.25 mol L-1 

NaOH
    0.25 mol L-1

He set about identifying each solution so that he could finish labelling them. He began by adding a few drops of sulfuric acid to a small sample of each. This test allowed him to identify the Ba(OH)2 solution straight away.

(a)
What observation would he have made to allow this identification? Write the ionic equation for the reaction that could have taken place in the test tube containing Ba(OH)2.











(2 marks)

· white precipitate forming

· Ba2+(aq)  +  SO42-(aq)  (  BaSO4(s)

He then added some powdered ammonium chloride (NH4Cl) to a new sample of the remaining four unidentified solutions. Bubbles were observed to form with one of the unknown solutions and an unpleasant, pungent smelling gas was produced.

(b)
Identify this solution and write the ionic equation for the reaction that was occurring. 










(2 marks)

· NaOH, sodium hydroxide solution

· NH4Cl(s)  +  OH-(aq)  (  NH3(g)  +  H2O(l)  +  Cl-(aq)

The gas produced by the reaction in part (b) was collected and dissolved in a sample of distilled water.

(c)
Describe the expected observations if litmus indicator was added to the water sample once the gas had dissolved and write an equation that supports these observations.










(2 marks)

· litmus would turn blue (due to basic ammonia solution)

· NH3(g)  +  H2O(l)  (  NH4+(aq)  +  OH-(aq)

Universal indicator was then added to new samples of the remaining three unidentified solutions.

(d)
Explain how an indicator works and describe how this test would allow clear identification of one of the substances.






(3 marks)

· an indicator is a substance that changes colour depending on the pH of the solution

· two of the remaining solutions (HCl and CH3COOH) are acidic and so would have appeared red/pink/orange in universal indicator

· NaCl is neutral and would have appeared green in universal indicator, allowing it to be identified

A piece of zinc metal was added to the final two solutions. In one solution, a fast reaction was seen, with much effervescence (bubbles). The other test tube also showed some effervescence but at a much slower rate.

(e)
Explain in detail why a difference in reaction rate was observed between these two solutions and how this observation allowed the chemist to identify and distinguish these two solutions from one another.





(5 marks)

The two remaining solutions were;

· HCl which is a strong acid that will completely ionise in solution, and 

· CH3COOH which is a weak acid which will only partially ionise

· Therefore a much greater number/concentration of H+ ions are present in the strong acid

· This will result in a much higher number of collisions between reactant particles

· Therefore the reaction rate will be much faster with the strong acid (HCl), allowing the chemist to distinguish the HCl and CH3COOH

Question 32 









        (17 marks)

Bioethanol is the same compound as ethanol (C2H5OH) but refers to ethanol that has been produced from ‘biomass’, which is a renewable resource. Ethanol is a useful fuel and combusts according to the following equation;

C2H5OH(l)   +   3 O2(g)   (   2 CO2(g)   +   3 H2O(l)   +   1367 kJ

(a)
Explain briefly how bioethanol is produced.




(2 marks)

· it is produced via fermentation of plant sugars (which can be obtained from many sources such as crop waste)

· the reaction is catalysed by the enzymes in yeast

 If the activation energy for the combustion reaction above is 387 kJ;

(b)
Draw a fully labelled energy profile diagram, to scale, for the combustion of ethanol.











(4 marks)


(c) 
Explain how the Law of Conservation of Energy applies to your energy profile diagram.











(2 marks)

· the negative H shows that the products have less enthalpy energy than the reactants, however this energy has not been lost but rather converted (to kinetic energy) and released as heat energy, ensuring that the total amount of energy in the system is the same and the Law of Conservation of Energy has been upheld

Octane (C8H18) is a hydrocarbon fuel, which is obtained from the fractional distillation of crude oil. Unlike bioethanol it is a non-renewable resource. Octane and its many structural isomers can be found as components of the petrol we use to power our cars.

(d)
Briefly describe the composition of petrol.




(2 marks)

· petrol is a mixture of hydrocarbons

· typically with 4-12 carbons in their structure

The activation energy for the combustion of octane is substantially higher than the activation energy for the combustion of ethanol.

(e) 
What information does this give you about ethanol and octane?

(2 marks)

· activation energy often indicates how quickly / easily a reaction will take place

· this would suggest that the combustion of octane requires the breaking of more or stronger bonds than the combustion of ethanol

The equation representing the combustion of octane is shown below. The enthalpy change for the combustion is -5470 kJ mol-1 of octane.

 2 C8H18(l)   +   25 O2(g)   (   16 CO2(g)   +   18 H2O(g)

(f)
If 1.55 kg of octane was burnt, calculate the amount of heat energy released and the volume of carbon dioxide produced at STP.




(5 marks)

n(C8H18)
=
m/M



=
1550 / 114.224



=
13.5698277 mol

E(heat)
=
5470 x n(C8H18)



=
5470 x 13.5698277



=
74226.96 kJ



=
7.42 x 104 kJ   OR   74.2 MJ     (3sf)

n(CO2)

=
8 x n(C8H18)



=
8 x 13.5698277



=
108.5586 mol

V(CO2)

=
22.71n



=
22.71 x 108.5586



=
2465.366 L



=
2.47 x 103 L   OR   2.47 kL     (3sf)
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         Course:   Chemistry Unit 2





Name:	___solutions____________________________________











Diagram:





     �





Name:   1,4-dichlorobenzene





Diagram:





�





Name:   chlorobenzene











    AlCl3


+	Cl2   





Diagram:





�








Name:   2,3-dibromo-


2,4-dimethylpentane





Diagram:


























Name: 


2,4-dimethylpent-2-ene














	


+      	Br2
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Progress of reaction





Potential energy (kJ)





Ea = 387 kJ





H = -1367 kJ mol-1 





Products





Reactants




















