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UNIT 4 CHEMISTRY
SECTION A – Multiple-choice questions

Question 1
Elements that form basic oxides may be expected to 

A. be strong oxidants 

B. have low electronegativity 

C. have high first ionisation energies 

D. exhibit a variety of oxidation states in their compounds. 

Question 2
The first four ionisation energies, in kJ·mol–1 of 4 elements with successive atomic numbers are shown in the table below.
	Element
	Ionisation Energy No.

	
	1
	2
	3
	4

	A.
	2081
	3952
	6122
	9370

	B.
	496
	4563
	6913
	9544

	C.
	738
	1451
	7733
	10541

	D.
	578
	1817
	2745
	11578


Which element is most likely to form a stable ion with a charge of +2? 

A. A

B. B

C. C

D. D
Question 3
Consider the series of E0 values for the reduction of various forms of vanadium 

	VO2+ (aq) + 2 H+ (aq) + e– → VO2+ (aq) + H2O (l)
	1.0 V

	VO2+ (aq) + 2 H+ (aq) + e– → V3+ (aq) + H2O (l) 
	+0.32 V 

	V3+ (aq) + e– → V2+ (aq)
	–0.26 V 

	V2+ (aq) + 2 e– → V (s)
	–1.2 V


Which of the following species could reduce the oxidation state of vanadium from +4 to +3 without reducing it to +2? 

A. Cu
B. Fe

C. Co

D. H2
Question 4
In 1871, the ‘periodic law’ was stated by Mendeleev as ‘The properties of the elements, as well as the forms and properties of their compounds … form a periodic function of the atomic weights of the elements’. 
Which of the following was not a key feature of Mendeleev’s periodic table? 

A. The elements were arranged in order of increasing atomic number 

B. Elements with similar chemical properties were placed in vertical groups 

C. Gaps were left for then undiscovered elements 

D. The properties of undiscovered elements were accurately predicted. 

Question 5
A mass spectrometer is commonly used to identify, and determine the relative abundance of, the isotopes present in a naturally occurring sample of an atom. The property of the isotopes that is the key to their separation in the spectrometer is that 

A. they all have the same atomic number 

B. they contain different numbers of neutrons 

C. they have similar chemical properties 

D. they all have the same mass on a scale where carbon-12 has a mass of 12 exactly. 

Question 6
The elements of the first column on the periodic table are known as the ‘alkali metals’ whilst those immediately to the left of the noble gases are known as the ‘halogens’. 

Compared to atoms of the halogen in the same period, atoms of an alkali metal would 

A. have a larger radius 

B. be stronger oxidants 

C. be higher on the electrochemical series 

D. form more covalent compounds. 

Question 7
The Sun is the original source of the energy which we access on Earth. Energy is produced in the Sun as a result of 

A. nuclear fission reactions during which the mass of the Sun increases 

B. nuclear fusion reactions during which the mass of the Sun increases 

C. nuclear fission reactions during which the mass of the Sun decreases 

D. nuclear fusion reactions during which the mass of the Sun decreases. 

Question 8
A cross-section of an industrial cell used in the production of sodium is shown below:
[image: image1.emf]
The substances involved at points 1., 2., and 3. are best represented by the chemical formulae 

A. 1. – Na (g), 
2. – Cl2 (g), 
3. – NaCl (s) 

B. 1. – Cl2 (g), 
2. – NaCl (s), 
3. – Na (l) 

C. 1. – Na (l), 
2. – NaCl (s), 
3. – Cl2 (g) 

D. 1. – Cl2 (g),
2. – NaCl (l), 
3. – Na (s)
Question 9
When an unsaturated fat is digested, the molecular formula of an expected product of the hydrolysis reaction would be 

A. C6H12O6
B. C3H8O3
C. C18H36O2
D. H2O 

Question 10
When a cell of the lead acid-accumulator, used as a common car battery, is being recharged, it converts electrical energy into chemical energy via the electrode reactions. 

PbSO4 (s) + 2 e– → Pb (s) + SO42– (aq) and 

PbSO4 (s) + 2 H2O (l) → PbO2 (s) + SO42– (aq) + 4 H+ (aq) +2 e–
When the lead acid accumulator is providing electrical energy for the lights or radio in a car 

A. Pb is produced at the negative electrode 

B. the pH decreases 

C. PbSO4 is produced at the positive electrode 

D. the oxidation number of lead increases at both electrodes. 

Question 11
In their ground state configuration atoms of a particular element, X, have electrons in eight subshells with the highest energy subshell containing 5 electrons. Element X is 

A. nitrogen 

B. bromine 

C. manganese 

D. chlorine 

Question 12
A current of 2.5 A is passed for 50 minutes through three cells connected in series. As indicated on the diagram below, these cells contained 1 M solutions of copper (II) sulfate, lithium nitrate and silver nitrate respectively. Each cell also contains a pair of platinum electrodes.
[image: image2.emf]
The ratio of the number of mole of metal deposited at the negative electrode in each cell, ie n(Cu):n(Li):n(Ag) is 

A. 1 : 0 : 2 

B. 2 : 1 : 1 

C. 1 : 2 : 2 

D. 2 : 0 : 1 

Question 13
Food additive 471 has the structure shown below

[image: image3.emf]
The most likely reason for adding this additive to a food would be for it to 

A. increase the levels of monounsaturated fats 

B. act as an emulsifier 

C. act as an antioxidant 

D. absorb atmospheric moisture 

Question 14
A ‘breeder’ reactor is a nuclear fission reactor that converts non-fissionable U-238 into a fissionable product. On neutron bombardment, U-238 undergoes the following nuclear transformations. 
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The chemical symbol of the element represented by Z is 

A. Pu 

B. Ra 

C. Th 

D. Cm 

Question 15
A 1.154 g sample of a food was completed reacted with oxygen in bomb calorimeter. The initial temperature of the water in the calorimeter was 28.31°C and the final temperature was 46.75°C. 

The energy content of the food sample was calculated to be 31.3 kJ per gram. 

The most abundant food group present in the sample must have been 

A. fat 

B. protein 

C. carbohydrate 

D. sugar 

Question 16
The half-equation for the reaction occurring at the negative electrode during the production of fluorine by electrolysis would most likely be 

A. 2 F– (aq) → F2 (g) + 2 e–
B. 2 H2O (l) + 2 e– → H2 (g) + 2 OH– (aq)
C. 2 H2O (l) → O2 (g) + 4 H+ (aq) + 4 e–
D. K+ (l) + e– → K (l)
Question 17
The presence of sugars in food may be shown by testing a sample with Benedict’s reagent, which is an aqueous solution of copper (II) sulfate, sodium citrate and sodium carbonate. If disaccharides such as lactose are present in the food sample a red precipitate of copper (I) oxide, Cu2O is produced. Therefore, this test shows that 

A. sugars present in foods are oxidising agents 

B. lactose is a disaccharide 

C. sugars present in foods are reducing agents 

D. lactose hydrolyses to glucose molecules during digestion. 

Question 18
The amino acid lysine may be represented by the structural formula shown below 


[image: image5.emf]
In an aqueous solution of pH 2, lysine molecules will be converted to 

A. ions carrying a charge of –2 

B. ions carrying a charge of –1 

C. ions carrying a charge of +1 

D. ions carrying a charge of +2 

Question 19
The combustion of octane can be represented by the equation 


2 C8H18 (g) + 25 O2 (g) → 16 CO2 (g) + 18 H2O (g); ΔH = –10108 kJ mol–1
When a sample of pure octane undergoes complete combustion at, 100 % efficiency, 2.0 × 105  J of energy is released. What was the mass of the octane sample? 

A. 4.5 g 

B. 4.5 kg 

C. 2.3 kg 

D. 9.0 g 

Question 20
On November 1, 2004, element 111 was formally recognised as roentgenium, symbol Rg. Which of the following correctly describes an expected characteristic of roentgenium atoms? 

A. they belong to the actinide series 

B. they have their highest energy electrons in the 6d-subshell 

C. they exhibit oxidation states as high as +5 

D. they readily accept electrons in chemical reactions. 

SECTION B – Short-answer questions

Question 1
The food additive sorbitol, C6H14O6, is produced by reduction of glucose according to the equation 

C6H12O6 (aq) + H2 (g) → C6H14O6 (aq) 

When sorbitol reacts with oxygen, the equation describing the reaction is 

C6H14O6 (aq) + 3 O2 (g) → 6 CO2 (g) + 7 H2 (g)
a. Write a balanced equation describing the production of glucose in plants. 

2 marks 
b. Give the names of 

i.
two disaccharides that can be produced from glucose 

1 mark 
ii.
three biopolymers that can be produced from glucose 

2 marks 
iii.
explain why only two of the biopolymers listed in (ii) act as energy sources in the body 

1 mark 
c. What type of reaction occurs when glucose is converted into disaccharides and biopolymers? 

1 mark 
d. Why does the conversion of biopolymers to glucose require the involvement of proteins? 

1 mark 
e. Explain why the oxidation of sorbitol does not actually increase overall atmospheric CO2 levels. 

2 marks 
Total 10 marks 
Question 2
Explain why 

a. when a 100 g sample of a protein was completely hydrolysed and the individual amino acids isolated collected and weighed, the total mass of the amino acids collected was 107.8 g. 

2 marks 
b. the commercial production of Al is done by electrolysis of Al2O3 dissolved in molten cryolite and not by electrolysis of an aqueous solution of aluminium chloride? 

2 marks 
c. the calorimeter constant for a well-insulated bomb calorimeter containing 500 mL of water should be greater than 2090 J °C–1. 

2 marks 
d. the electrolysis of 5 M NaCl (aq) produces three commercially valuable products. 

3 marks 
Total 9 marks 
Question 3
In 1894 William Ramsay, identified from its emission spectrum, a previously unidentified element present in air. During the next three years, 4 more related elements were discovered. 

a. The five elements referred to are all located in the same group of the periodic table. Which group? 

1 mark 
b. Why had none of these elements been discovered earlier? 

1 mark 
c. What are emission spectra and how are they produced? 

4 marks 
d. Why could these five elements be identified from their respective emission spectra? 

1 mark 
Total 7 marks 
Question 4

In an experiment to determine the value of Avogadro’s constant, the charge carried by one mole of electrons was determined by electrolysis and divided by the charge carried by one electron (1.6 × 10–19 C). 

As part of the experiment an aqueous solution of copper sulfate was electrolysed for one hour, using a current of 3.25 A. As a result of the electrolysis, 4.17 g of Cu was deposited on the cathode. 

a. Determine the total charge passed through the cell. 

1 mark 
b. Determine the number of mole of electrons needed to deposit 4.17 g Cu on the cathode. 

2 marks 
c. On the basis of the experimental data, what is the charge carried by one mole of electrons? 

1 mark 
d. What is the value of Avogadro’s constant? 

1 mark 
e. Give a reason why the calculated value of Avogadro’s constant is different to the value supplied on the data sheet. 

1 mark 
Total 6 marks 
Question 5
In the absence of oxygen, bacteria may derive energy by causing a reaction between nitrates and glucose in organic matter according to the equation 

5 C6H12O6 (s) + 24 NO3– (aq) → 30 CO2 (g) + 18 H2O (l) + 24 OH– (aq) + 12 N2 (g); ΔH = –11 925 kJ mol–1
a. What mass of glucose would be consumed during the derivation of 2.00 × 106 J of energy by the bacteria? 

3 marks 
b. What type of bacteria would cause this reaction? 

1 mark 
c. What is the change in oxidation state of nitrogen that occurs during nitrogen fixing by bacteria in the soil? 

1 mark 
d. Write a balanced half-equation describing the conversion of ammonium ions to nitrate ions by nitrifying bacteria. 

2 marks 
e. Give the name and structural formula of the nitrogen containing compound which is one of the end-products of the body’s use of food. 

1 mark 
Total 8 marks 
Question 6

A fuel may be defined as any substance that evolves energy in a controlled chemical or nuclear reaction. 

a. State two ways in which nuclear reactions differ from chemical reactions. 

2 marks 
b. Both chemical and nuclear ‘fuels’ are used in power stations to generate electricity. Give the specific names of the reactions in which each fuel releases thermal energy. 

i.
chemical fuel – 

ii.
nuclear fuel – 

2 marks 
c. How is the thermal energy produced in power stations converted in to electrical energy? 

d. 2 marks 
e. Give the names of chemical and nuclear fuels most commonly used to generate electricity in power stations. 

1 mark 
f. Why are fuel cells more efficient than common power stations? 

1 mark 
g. Aboard the space shuttle, fuel cells generate electrical energy from the flameless combustion of hydrogen gas. The only reaction product is water which the astronauts use for drinking. Consider a hydrogen-oxygen fuel cell in which the electrolyte is KOH (aq).
i.
Write the half-equation for the reaction occurring at the (–) electrode. 

1 mark 
ii.
Write the half-equation for the reaction occurring at the (+) electrode. 

1 mark 
iii.
What voltage would this cell generate at 25°C, using 1 M KOH and gases at 101.3 kPa. 

1 mark 
h. An alternative form of electricity generation for domestic purposes is the use of methanol from a biogas digester in a methanol-O2 fuel cell using an acid electrolyte. Write half-equations for the oxidation and reduction reactions occurring in this fuel-cell. 

2 marks 
Total 13 marks 
Question 7
Manganese and copper are both members of the first transition series. 

a. Referring to its electron configuration, explain why manganese is classified as a transition element. 

2 marks 
b. Like most of the first row transition metals, this element manganese will react with dilute hydrochloric acid, but copper will not. 

i.
Write a balanced equation for the reaction between manganese and dilute hydrochloric acid. 

1 mark 
ii.
Explain why copper does not react with dilute hydrochloric acid. 

1 mark 
c. Manganese forms the compounds manganese dioxide, MnO2, which is black and potassium permanganate, KMnO4, which is purple. 

What two chemical properties characteristic of transition metals which are exhibited by manganese in these compounds? 

2 marks 
d. Copper (II) hydroxide is relatively insoluble in water but will dissolve on addition to 2 M ammonia solution according to the equilibrium 

Cu(OH)2 (s) + 4 NH3 (aq) ( Cu(NH3)42+ (aq) + 2 OH– (aq). 

Explain what characteristics of transition metals is evident in this equilibrium and identify all the types of bonding associated with Cu(NH3)42+. 

3 marks 
e. What is the property associated with the transition metals iron, cobalt and nickel but not exhibited by either copper or manganese? 

1 mark 
Total 10 marks 
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