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UNIT 4 CHEMISTRY
SECTION A – Multiple-choice questions

Question 1

The primary structure of a protein is defined as
A. the number, type and sequence of amino acids of which it is made
B. the overall shape of the protein

C. the way in which the protein catalyses only a specific biochemical process in living tissue

D. the arrangement in space of adjacent sections of the protein
Question 2

Which of the following statements regarding trends in behaviour in the Periodic Table is incorrect?
A. Metallic character increases down a Group.
B. Atomic radius increases from left to right across a Period.
C. First ionisation energy increases from left to right across a Period.
D. Electronegativity decreases down a Group.
Question 3

Many simple life forms rely on fermentation of glucose to provide their energy needs, whilst more complex organisms use the energy produced by aerobic respiration. Both fermentation and aerobic respiration
A. produce the same amount of energy per gram of glucose
B. produce carbon dioxide and water as products of the reaction

C. require energy from sunlight to proceed

D. rely on enzymes to catalyse the reactions involved
Question 4

The direct conversion of chemical potential energy to electrical energy occurs in 
A. a fuel cell
B. a solar (photoelectric) cell

C. a steam turbine

D. photosynthesis
Question 5
Which of the following conversions involves condensation polymerisation?
A. cellulose ( glucose
B. fat ( fatty acids + glycerol

C. amino acids ( protein

D. amino acids ( urea + carbon dioxide + water
Question 6
Uranium-235 may undergo the nuclear reaction represented by the equation:
This nuclear reaction would be described as an
A. exothermic fusion reaction
B. exothermic fission reaction

C. endothermic fusion reaction

D. endothermic fission reaction
Question 7
Which of the following equations showing reactions of oxides represents a reaction which would not be expected to occur?
A. Na2O (s) + H2O (l) ( 2 NaOH (aq)
B. SO3 (g) + H2O (l) ( H2SO4 (aq)

C. Al2O3 (s) + 3 H2O (l) ( 2 Al(OH)3 (aq)

D. Al2O3 (s) + 2 NaOH + 3 H2O (l) ( 2 NaAl(OH)4
Question 8
An atom of phosphorous in an excited state has the electron configuration 1s2 2s2 2p6 3s2 3p1 3d1 4s1.
If the atom gained energy its electron configuration could change to
A. 1s2 2s2 2p6 3s2 3p2 4s1
B. 1s2 2s2 2p6 3s1 3p2 4s2
C. 1s2 2s2 2p6 3s2 3p3
D. 1s2 2s2 2p6 3s2 3p2 3d1
Question 9

The energies required to remove successive electrons from an atom of element X are given in the table below.
	Electron
	1
	2
	3
	4
	5
	6
	7
	8

	Ionisation energy (kJ mol–1)
	1310
	3390
	5310
	7450
	11000
	13300
	71000
	84000


On the basis of this information, element X is likely to be

A. oxygen

B. nitrogen

C. fluorine

D. argon
Question 10
Enzymes are very important biological molecules in living systems. Which of the following statements about enzymes is incorrect?
Enzymes

A. are composed of proteins

B. catalyse only one reaction, or a small number of closely related reactions

C. are generally far more efficient than industrial catalysts such as platinum

D. can function over a wide range of temperatures and pH values
Question 11
Rechargeable nickel-cadmium batteries are widely used in mobile computers and mobile telephones as a source of electrical power. The equation for the discharging process can be written as:
Cd (s) + 2 NiO(OH) (s) + 2 H2O (l) ( Cd(OH)2 (s) + 2 Ni(OH)2 (s)
The species reacting at the negative electrode during the discharge process is
A. Cd(OH)2 (s)
B. Cd (s)

C. Ni(OH)2 (s)

D. NiO(OH) (s)
Question 12

Listed below are several properties.

I
density


II
atomic number


III
chemical reactivity


IV
mass number

Which properties would be the same for different isotopes of a particular element?
A. II only

B. II and III only
C. I, II and III only

D. I, II, III and IV
Question 13
John Dalton (1766-1844) was an English chemist who is sometimes called “the father of modern chemistry”.
Which of the following aspects of his theory of atomic structure would not be accepted as accurate in terms of our modern understanding?
A. Atoms of different elements have different masses.
B. The identity of atoms is not changed by chemical reactions.

C. All atoms of a given element are identical.

D. Atoms combine to form compounds in simple whole number ratios.
Question 14
Listed below are three characteristics of reactions.


I
During reaction a rearrangement of subatomic particles occurs.


II
The total mass of products formed equals the total mass of reactants used.


III
The sum of mass numbers of reactants equals the sum of mass numbers of products.
Which of these characteristics applies to both nuclear reactions and chemical reactions?
A. I only
B. I and II

C. III only

D. I and III
Question 15
Butylated hydroxytoluene, or BHT, (food additive 321) is a common synthetic food additive. The structure of BHT is
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As an antioxidant, the main role of BHT in foods is to prevent
A. food from becoming rancid by limiting the rate with which it reacts with atmospheric oxygen
B. food from being spoilt by the action of micro-organisms

C. excessive absorption of moisture from the atmosphere

D. oil-based and water-based liquids separating to form two layers
Question 16
Octane (C8H18) is a major constituent of petrol and burns according to the equation
2 C8H18 (aq) + 25 O2 (g) ( 16 CO2 (g) + 18 H2O (l)     ΔH = –10 900 kJ mol–1
Given that the density of octane is 0.698 g mL–1, the amount of heat energy liberated by the complete combustion of 1.00 L of octane is
A. 1.46 × 10–5 kJ
B. 3.00 × 101 kJ
C. 3.34 × 104 kJ
D. 6.67 × 104 kJ
Question 17
Cysteine is an essential amino acid with the semi-structural formula HSCH2CH(NH2)COOH. In acidic solutions (of low pH) the structural formula of cysteine would be
	A.
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	B.
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	C.
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	D.
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Question 18
When manganese metal (Mn) is added to a solution of gallium (II) ion s (Ga2+) the manganese dissolves and gallium metal is displaced. However, the addition of palladium metal (Pd) to a separate gallium (II) solution produces no reaction. The order of reductant strength of these three metals, from strongest to weakest, is
A. Mn, Ga, Pd
B. Ga, Pd, Mn

C. Pd, Ga, Mn

D. Pd, Mn, Ga
Question 19
Mendeleev’s Periodic Table, published in 1871, is very similar to many respects to our current Periodic Table.
Which of the following features of our current Periodic Table is not present in Mendeleev’s table?
A. The elements in vertical columns in the table have similar chemical properties.
B. The elements across a horizontal row in the table generally increase in mass from left to right across the table.

C. The last vertical column of the table contains the inert or noble gases.

D. Non-metallic elements are located to the right of the table.
Question 20
Photosynthesis occurs in plants that contain the pigment chlorophyll. This complex process is
A. exothermic and involves the oxidation of carbon dioxide to glucose

B. endothermic and involves the oxidation of carbon dioxide to glucose

C. exothermic and involves the reduction of carbon dioxide to glucose

D. endothermic and involves the reduction of carbon dioxide to glucose

SECTION B – Short-answer questions

Question 1
A student sets out to calibrate a simple solution calorimeter using a chemical calibration procedure. This involves measuring the temperature change accompanying the reaction of measured quantities of reactants according to a known thermochemical equation.
50.0 mL of 0.250 M hydrochloric acid solution is placed in the reaction vessel of the calorimeter. The temperature of the solution is recorded as 17.4°C. 50.0 mL of 0.250 M sodium hydroxide solution, also at a temperature of 17.4°C, is added to the calorimeter and the contents stirred. The temperature rises to 19.2°C.
A neutralisaton reaction occurs according to the equation:
HCl (aq) + NaOH (aq) ( NaCl (aq) + H2O (l)     ΔH = –55.6 kJ mol–1
a. (i) Calculate the amounts (in mol) of HCl and NaOH used in the reaction.
____________________________________________________________________________________

____________________________________________________________________________________

(ii)
Calculate the amount of energy released during the reaction.
____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

(iii)
Hence determine the calibration factor of the calorimeter and its contents (in J C–1).
____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

1 +2 + 2 = 5 marks
b. During the chemical calibration procedure a number of errors, as shown in the table below, occurred.
(i)
For each error, decide how the error would affect the calculated calibration factor. Would the error result in a calculate value higher than the “correct” value, lower than the “correct” value, or would the error have no effect on the calculated value?

Indicate your responses by placing a tick in the appropriate column.
	Error made during the procedure
	Effect of the error on the value calculated for the calibration factor

	
	higher value
	lower value
	no effect

	1. 0.250 M nitric acid (HNO3) was used in place of
    hydrochloric acid.
	
	
	

	2. The solutions used were labelled 0.50 M, but were
    actually 0.300 M.
	
	
	

	3. The top was not placed on the calorimeter during the
    reaction.
	
	
	


(ii)
Explain your choice for error 2 in part (i).
____________________________________________________________________________________

____________________________________________________________________________________

3 + 1 = 4 marks

Total 19 marks
(suggested time: 14 minutes)
Question 2
a. One isotope of nitrogen may be represented as 
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. An accurate value for the relative isotopic mass of 
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 is 14.003. Accurate values for the relative masses of protons, neutrons and electrons are given below.
mproton = 1.00783
mneutron = 1.00866
melectron = 00005486
(i)
Calculate the total mass of the subatomic particles which make up a 
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 atom.
____________________________________________________________________________________

____________________________________________________________________________________

(ii)
Account for the different between the value calculated in (i) and the given relative isotopic mass (14.003).
____________________________________________________________________________________

____________________________________________________________________________________

1 + 1 = 2 marks
b. Nitrogen consists of two isotopes, 
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. Details of the two isotopes are given below.
	Isotope
	RIM
	% abundance

	14N
	14.003
	99.633

	15N
	15.001
	0.3670


Determine the relative atomic mass of nitrogen (working must be shown).

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks
c. A radioactive isotope of nitrogen, 16N, undergoes nuclear decay to form an electron and another nuclide. Write a balanced nuclear equation for this decay.
_______________________________________________________________________________________

1 mark

d. Nitrogen in molecular form makes up 80% of the Earth’s atmosphere. The diagram below shows some of the stages involved in the cycling of nitrogen through the biosphere. The questions which follow refer to this diagram.
(i)
Which of the stages listed below involve the action of bacteria which reduce nitrogen?

Indicate your response by placing a tick in the appropriate box.
I


II

III

(ii)
The diagram shows two processes by which soil levels of NH4+ may be increased. Describe one other process by which NH4+ levels may be increased.
___________________________________________________________________________________

1 + 1 = 2 marks
Total 7 marks
(suggested time: 10 minutes)
Question 3
a. Linoleic acid (C18H32O2) is an essential fatty acid needed for the formation of cell membranes in the human body. It is found in a variety of fats and oils.
(i)
Explain what is meant by the term essential.
___________________________________________________________________________________

___________________________________________________________________________________

(ii) Draw a possible structure for a linoleic acid molecule.
(iii)
Is linoleic acid saturated, monounsaturated or polyunsaturated? Explain your choice.
___________________________________________________________________________________

___________________________________________________________________________________

1 + 1 + 1 = 3 marks
b. Stearic acid (C18H36O2) is another fatty acid which occurs widely in foods, particularly in solid fats.
(i)
Which acid, linoleic or stearic, would be expected to have the higher melting point? Explain your choice in terms of structure and bonding.
___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

(ii)
Which acid, linoleic or stearic, would require the greater amount of oxygen to be completely oxidised within body cells? Explain your choice with the aid of equations.
___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

2 + 2 = 4 marks

c. Fatty acids are one of a number of carbon containing compounds involved in the cycling of carbon through the biosphere. The equations below represent reactions which form part of this carbon cycle.
When answering the questions which follow, indicate your responses by using the letters A-G.

A.
C3H8O3 (aq) + 3 C18H36O2 (s) ( C3H5(OOC18H35)3 (s) + 3 H2O (l)
B.
C6H12O6 (aq) ( 2 CH3CH2OH (aq) + CO2 (l)
C.
n(C6H12O6 (aq)) ( (C6H10O5)n (s) + n H2O (l)
D.
H2NCH2COOH (aq) + H2NCH(CH3)COOH (aq) ( H2NCH2CONHCH(CH3)COOH (aq) + H2O (l)
E.
C6H12O6 (aq) + 6 O2 (g) ( 6 CO2 (g) + 6 H2O (l)
F.
C12H22O11 (aq) + H2O (l) ( 2 C6H12O6 (aq)
G.
2 C8H18 (l) + 17 O2 (g) ( 16 CO (g) + 18 H2O (l)
Which equation represents a reaction which

(i)
involves the formation of an ester linkage?

(ii)
occurs in the human liver to produce the storage compound glycogen?

(iii)
is an incomplete combustion reaction?

(iv)
is a hydrolysis reaction?

2 marks
Total 9 marks
(suggested time: 13 minutes)
Question 4
During a practical class, a number of experiments were conducted to investigate the reactions of compounds of the transition metal iron.

The flowchart below summarises the experiments conducted and the observations made.

	
	25 mL of 0.1 M FeSO4 (aq)

(pale green solution)
	

	
	
	
	
	Step 1
Add a few drops of H2O2 (aq)

	
	An orange solution forms.

Divide solution into two parts
	

	
	
	
	
	
	
	

	
	
	Step 2
Add excess OH– (aq)
	
	Step 4
Add excess Cl– (aq)

	A red-brown gelatinous 
precipitate forms.
	
	A yellow solution forms

	
	Step3
Collect the precipitate and heat it
	
	
	

	A red-brown solid 
(Fe2O3) forms.
	
	


a. H2O2 (aq) acts as a strong oxidant in step 1. Write two half-equations and a balanced ionic equation to explain the changes in colour of the solution following step 1.

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks

b. Write a balanced ionic equation for the formation of the precipitate following step 2.
_______________________________________________________________________________________

1 mark
c. Suggest a possible formula for the species responsible for the yellow colour following step 4.
_______________________________________________________________________________________

1 mark
d. During this experiment iron exhibits a number of properties characteristic of transition metals, but not characteristic of main group metals. State one such property and explain why transition metals exhibit this property.
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks

Total 6 marks
(suggested time: 9 minutes)
Question 5
In order to experimentally determine the value of Avogadro’s constant, a student set up an electrolytic cell as shown below.
Inert platinum electrodes were used and a current of 2.64 A was passed through the 1.0 M SnBr2 (aq) solution at a potential difference of 4.50 volts for precisely 4 minutes and 20 seconds. The cathode was then removed, washed and weighed; 0.424 g of tin (Sn) metal had been deposited on it.
a. (i)
Write a balanced half-equation for the reaction occurring at the cathode during the electrolysis.
____________________________________________________________________________________

(ii)
Write a balanced half-equation for the reaction occurring at the anode when the electrolysis commences.
____________________________________________________________________________________

1 + 1 = 2 marks
b. (i)
Calculate the amount of charge (in Coulomb) passed through the cell.
____________________________________________________________________________________

____________________________________________________________________________________

(ii)
Given the charge on one electron is 1.60 × 10–19 C, calculate the number of electrons required to carry the charge calculated in (i).
____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

(iii)
Calculate the amount (in mol) of tin deposited at the cathode.
____________________________________________________________________________________

____________________________________________________________________________________

(iv)
Hence calculate the amount (in mol) of electrons passed through the cell.
____________________________________________________________________________________

____________________________________________________________________________________

(v)
Using the values calculated in (ii) and (iv), determine Avogadro’s constant.
____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

1 + 1 + 1 + 1 + 1 = 5 marks
c. If the SnBr2 (aq) solution was replaced with a MgBr2 (aq) solution, the determination of Avogadro’s constant could not be successfully carried out using the procedure described. Explain why.
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks
Total 9 marks
(suggested time: 14 minutes)
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