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UNIT 4 CHEMISTRY
SECTION A – Multiple-choice questions

Question 1
The Saturn V rocket that carried man to the Moon used the reaction between hydrogen and oxygen in its second stage of firing as it let the Earth’s surface. The liquid fuel and oxygen were ignited and reacted according to the equation
2 H2 (g) + O2 (g) ( 2 H2O (g)     (H = –572 kJ mol–1
The energy released when 1.00 kg of steam is produced is
A. 1.59 × 104 kJ
B. 2.86 × 105 kJ

C. 3.18 × 104 kJ

D. 3.18 MJ

Question 2
The half reaction at the anode in a hydrogen-oxygen fuel cell run in acidic conditions can be written as
A. O2 (g) + 2 H2O (l) + 4 e– ( 4 OH– (aq)

B. H2 (g) ( 2 H+ (aq) + 2 e–
C. H2 (g) + 2 OH– (aq) ( 2 H2O (l) + 2 e–
D. O2 (g) + 4 H+ (aq) + 4 e– ( 2 H2O (l)

Question 3
The specific heat of brass is 0.37 J g–1 °C–1. 1.2 kJ of heat is absorbed by 1 50.0 g bar of brass initially at 20°C. The final temperature of the brass bar is
A. 21°C
B. 26°C

C. 65°C

D. 85°C

Questions 4 and 5 relate to the diagram below.
A galvanic cell is set up as shown.

Question 4
The reaction at the cathode is
A. Cr3+ (aq) + 3 e– ( Cr (s)
B. NO3– (aq) + 4 H+ (aq) + 3 e– ( NO (g) + 2 H2O (l)

C. Cu2+ (aq) + 2 e– ( Cu (s)
D. Cu (s) ( Cu2+ (aq) + 2 e–
Question 5
A suitable salt bridge would be
A. soduim nitrate
B. ammonium hydroxide

C. potassium hydoxide

D. iron(II) sulfate

Question 6
Which of the following alternatives correctly names the electrolyte and the oxidant in a lead-acid battery?
	
	Electrolyte
	Oxidant

	A.
	sulfuric acid
	lead metal

	B.
	lead(II) sulfate solution
	lead(II) oxide

	C.
	water
	lead(II) sulfate

	D.
	sulfuric acid
	lead(IV) oxide


Question 7
The current required to produce 10.0 g of chromium metal from chromium(VI) oxide (CrO3) by electrolysis in one day is
A. 0.215 A
B. 0.644 A

C. 1.29 A

D. 67.0 A

Question 8
Primary cells are more common than secondary cells. Which of the following is true?
A. A dry cell is a secondary cell and cannot be recharged.
B. A Ni-Cad cell is a secondary cell and cannot be recharged.

C. A mercury-zinc cell is a primary cell and cannot be recharged.

D. An alkaline cell is a primary cell and can be recharged.
Question 9
The energy transfers involved in a wind farm are
A. kinetic ( mechanical ( electrical
B. mechanical ( thermal ( electrical

C. thermal ( mechanical ( electrical

D. chemical ( thermal ( mechanical
Question 10
Amino acids, monosaccharides and fatty acids undergo condensation reactions to form larger molecules. The links associated with the formation of these larger molecules are, respectively
A. peptide, ester and ether (glycosidic)
B. ester, peptide and ether (glycosidic)

C. hydrogen bonds, ether (glycosidic) and ester

D. peptide, ether (glycosidic) and ester
Question 11
Which one of the following formulae represents a substance that is not generally excreted by the human body as a waste product?
A. H2O
B. NH3
C. CO(NH2)2
D. CO2
Question 12
The structure of alanine in aqueous conditions is dependent on the pH of the solution. Alanine is most likely to exist as
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Question 13
Which of the following does not have a role in the storage of energy in biological systems?
A. starch
B. glycogen

C. glucose

D. fat

Question 14
Starch undergoes hydrolysis in the presence of the enzyme amylase. In this reaction the amylase
A. lowers the (H of the reaction
B. increases the activation energy of the specific chemical reaction

C. forms temporary bonds with the reactant molecule

D. denatures the starch molecule

Question 15
A transition metal ion X3+ has the electronic configuration 1s2 2s2 2p6 3s2 3p6 3d4.

Element X is
A. scandium
B. titanium

C. manganese

D. iron
Question 16
The first four ionisation energies of an element X are 577 kJ mol–1, 1820 kJ mol–1, 2740 kJ mol–1 and 11600 kJ mol–1. What ion of X would be expected to be the most stable?
A. X+
B. X2+
C. X3+
D. X4+
Question 17
The ionisation energy of an element increases each time an electron is removed. This is because when an electron is removed
A. repulsion within orbitals increases
B. repulsion between orbitals decreases

C. electronegativity of the atom or ion decreases

D. the atom or ion becomes more positive

Question 18
Consider the following properties of elements.
I
atomic size

II
electronegativity

III
strength as a reductant

Excluding Group 18 (previously know as Group VIII) which of the above properties of elements increase down a group in the periodic table.
A. I and II only
B. I and III only

C. II and III only

D. I, II and III

Question 19
The mass of a carbon-12 nucleus is
A. equal to the mass of six single protons and six single neutrons
B. equal to the mass of six single protons and six single electrons
C. greater than the mass of six single protons and six single neutrons
D. less than the mass of six single protons and six single neutrons
Question 20
In 1911, Ernest Rutherford led a research team that fired alpha particles at thin gold foil. From these experiments, Rutherford concluded that
A. the positively charged material in an atom is concentrated in the nucleus
B. the Thomson Plum Pudding model of the atom was correct

C. electrons were arranged in shells

D. the nucleus of an atom contains protons and neutrons

SECTION B – Short-answer questions

Question 1
A dietician was asked to make a special dietary food for athletes requiring only two of the major food groups. The dietician prepared the food using equal masses of the two food groups. Chemical analysis revealed that the food contained glycine. The food was analysed in a bomb calorimeter to determine its energy content. The following data was produced.
Calibration factor
6475 J °C–1
Initial temperature
21.14°C

Final temperature
23.65°C

Mass of sample
0.602 g
a. Calculate the energy content of the dietary food in kJ/g.
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks
b. What were the two food groups in the dietary food? Explain your answer.
_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks
Total 4 marks
Question 2
a. Methanol can be made from natural gas. It has been considered as a replacement fuel for petrol because it is a cleaner burning fuel.
Write an equation for the complete combustion of methanol.
_______________________________________________________________________________________

1 mark
b. Consider the following reactions and decide whether they would occur spontaneously. For each of the spontaneous reactions place a tick in the second column, identify the oxidant and the expected voltage it they were used in a galvanic cell.
	Reaction
	Spontaneous
	Oxidant
	Voltage

	2 Fe2+ (aq) ( Fe3+ (aq) + Fe (s)
	
	
	

	2 Cl- (aq) + Br2 (l) ( Cl2 (g) + 2 Br– (aq)
	
	
	

	5 Sn2+ (aq) + 2 MnO4– (aq) + 16 H+ (aq) ( 5 Sn4+ (aq) + 2 Mn2+ (aq) + 8 H2O
	
	
	

	Pb2+ (aq) + H2 (g) + 2 OH– (aq) ( Pb (s) + 2 H2O (l)
	
	
	


3 marks
c. The diagram below represents a membrane cell for making sodium hydroxide and chlorine. Not all ions pas through the membrane. On the diagram below, mark in the movement of the ions showing those that are turned back and those that pass through.
1 mark
d. The diagram below represents an electrolysis reaction being powered by a galvanic cell.
On the diagram above indicate

(i)
the direction of electron flow.
(ii)
name the anode and cathode in each cell.

(iii)
mark the remaining three electrodes with the appropriate polarities.

(iv)
the direction in which the cations and anions move in the electrolysis cell.
5 marks
e. Dental amalgam, which was commonly used to fill cavities in teeth, is a solid solution of silver and tin in mercury. People with amalgam fillings in their mouths experience an unpleasant sensation if they accidentally bite on some aluminium foil. Explain why this occurs.
_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark

Total 11 marks
Question 3
An electrolytic cell containing a 50.00 mL solution composed of 0.500 M copper(II) sulfate and 0.250 M chromium(III) sulfate solution underwent electrolysis. A current of 10.0 A was passed through the solution for 10.0 minutes. The cell had carbon (C) electrodes.
a. What is the polarity of the electrode that increases in mass?
_______________________________________________________________________________________

1 mark
b. Which metal is deposited first?
_______________________________________________________________________________________

1 mark
c. Calculate the total charge in coulomb delivered to the cell.
_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark
d. What mass of the metal chosen will be deposited?
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks
e. What mass of the second metal will be deposited?
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

3 marks
f. What pH change was observed at the anode? Explain this change using an equation.
_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks
Total 10 marks
Question 4
Consider the following molecule.
a. What type of biochemical reaction formed this molecule?
_______________________________________________________________________________________

1 mark
b. Draw the semi-structural formulae for the reactants that formed this molecule.
2 marks
c. What type of chemical reaction breaks down this molecule and what other reactant is needed?
_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark
d. What is a possible source of this molecule?
_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark
Total 5 marks
Question 5
Acid hydrolysis of a polypeptide produced an amino acid, aspartic acid, with the molecular formula of CH7NO4. In an analysis experiment 0.0001 mol of amino acid, which was in the uncharged form, was neutralized by 0.0002 mol of the sodium hydroxide solution.
a. What is the classification of aspartic acid if this amino acid can be manufactured in the human body?
_______________________________________________________________________________________

1 mark
b. Draw the structure of aspartic acid in uncharged form.

	


2 marks
c. Draw the structure of a dipeptide product formed when an enzyme controlled reaction between glycine, C2H5NO2, and aspartic acid occurs.
	


2 marks

Total 5 marks
Question 6
Mendeleev published a Periodic Table in 1869. Earlier, in 1864, an English chemist John Newlands proposed a ‘Law of Octaves’ where every eighth element had similar properties, when eth elements were placed in order of atomic masses, starting from lithium. Newlands arranged the elements in this way:
	Li
	Be
	B
	C
	N
	O
	F

	Na
	Mg
	Al
	Si
	P
	S
	Cl

	K
	Ca
	
	
	
	
	


a. Whilst John Newlands knew Li, Na and K had similar chemical properties, he did not know why. How do we explain the fact that these three elements have similar properties?
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark
b. Why were group 18 (once known as Group VIII) elements unknown in 1864?
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark
c. The eighth element after calcium is not very similar to it. Why did the pattern suggested by Newlands start to break down for elements after calcium?
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark
d. Using this Law, aluminium is the eighth element from boron and both elements form similar oxides, B2O3 and Al2O3.
(i)
What is the oxidation number of B in B2O3?     ___________________
(ii)
Al2O3 is an amphoteric oxide. Write two ionic equations to show this.
____________________________________________________________________________________

____________________________________________________________________________________

2 marks
e. From Newlands’ list of elements at the beginning of this question, give the formula of an oxide that reacts only with acids.
_______________________________________________________________________________________

1 mark
f. The ‘Law of Octaves’ and Mendeleev’s Periodic Table arranged the elements in a similar way, by increasing atomic weight. How is this arrangement different from the modern Periodic Table?
_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark

Total 8 marks
Question 7
A nuclear reaction which can be produced in a cyclotron is
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 + X
a. What is the chemical symbol of X?     ________________________________________________________
1 mark
b. What is the name given to X?     _____________________________________________________________
1 mark
c. What type of nuclear reaction is occurring?     __________________________________________________
1 mark

Total 3 marks
Question 8
Explain the following:
a. The first period contains two elements but the second period contains eight elements.

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark

b. A sodium atom is larger than a chlorine atom, although they are in the same period.
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark

c. It is not possible to discover a new naturally occurring element.
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark

d. An emission spectrum shows coloured lines on a black background.
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark

e. Zinc is the only element from the first row of the transition metals that does not produce coloured compounds.
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark

f. Sodium is a soft metal but iron is a hard metal.
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark
Total 6 marks
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