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UNIT 4 CHEMISTRY
SECTION A – Multiple-choice questions

Question 1
Cellular respiration may be represented by the following equation:
C6H12O6 (aq) + 6 O2 (aq) ( 6 CO2 (aq) + 6 H2O (l)     (H = –2820 kJ mol–1
The value for (H for photosynthesis to produce 2 moles of glucose would therefore be
A. +2820 kJ mol–1
B. –2820 kJ mol–1
C. +5640 kJ mol–1
D. –5640 kJ mol–1
Question 2
During the electrical calibration of a calorimeter, the initial temperature and the final temperature reached are recorded. It is noticed that the insulation surrounding the calorimeter is not effective.
Compared with a similar calorimeter with effective insulation

A. the poorly insulated calorimeter will have a higher calibration factor

B. the poorly insulated calorimeter will have a lower calibration factor

C. a higher temperature rise will be recorded while calibrating the poorly insulated calorimeter
D. the calibration factor will be unchanged
Question 3
	Substance
	Specific Heat J K–1 g–1

	gold
	0.13

	silver
	0.23


The specific heats of two metals are given above. A gold coin and a silver coin, each weighing 30 g and at the same temperature, absorb 100 J of heat energy. The difference in final temperature between the gold coin and the silver coin is
A. 0.1 K
B. 3.9 K

C. 11 K

D. 14 K

Question 4
	methane
	furnace
	boiler
	turbine
	generator


The above flow chart represents a gas-fired power station. Which statement about this power station is incorrect?
A. In the furnace, some of the chemical energy of the methane and oxygen is converted into the kinetic energy of the products.
B. In the turbine, the conversion of the kinetic energy of the steam from the boiler to the mechanical energy of the turbine is very inefficient.

C. This gas-fired power station would produce the same amount of electrical energy per tonne of methane as a methane fuel cell.

D. Gas-fired power stations like this are able to respond far more quickly to a sudden increase in power demand than coal-fired power stations.
Question 5
A chemical reaction occurs at room temperature when
A. copper is placed in 1 M HCl
B. iron is placed in 1 M HCl

C. aluminium is placed in pure water

D. zinc is placed in pure water

Questions 6 and 7 refer to the following diagram of a Diaphragm Cell.
Question 6
Which of the following statements is true?

A. Chlorine atoms move towards the cathode.

B. The pH increases at the cathode.

C. Hydrogen is produced at the anode.

D. Sodium ions do not pass through the diaphragm.
Question 7
At the place marked A
A. water is added to the cell
B. oxygen is added to the cell

C. molten sodium is collected

D. sodium hydroxide is collected.

Question 8
A galvanic cell consists of a Fe2+ (aq) / Fe (S) half-cell connected to a I2 (aq) / I– (aq) half-cell. The reaction at the negative electrode is
A. Fe2+ (aq) ( Fe3+ (aq) + e–
B. Fe (s) ( Fe2+ (aq) + 2 e–
C. 2 H2O (l) + O2 (g) + 4 H+ (aq) + 4 e–
D. 2 I– (aq) ( I2 (aq) + 2 e–
Question 9
An electrolytic cell contains copper(II) nitrate, nickel nitrate, silver nitrate, magnesium nitrate and sodium nitrate each at 1 M concentration. An electric current is passed through the solution until no further deposition takes place. Metals are deposited on the cathode in the following order:
A. sodium, magnesium nickel, copper and silver
B. silver, copper, nickel, magnesium and sodium

C. silver, copper and nickel

D. silver
Question 10
The activity of insulin, a hormone used to regulate blood sugar levels, is due in part to disulfide links. The links play an important role in determining the physiological properties of insulin. The links are associated with the 
A. denaturation of insulin
B. primary structure of insulin

C. secondary structure of insulin

D. tertiary structure of insulin
Question 11
Glycine is dissolved in a solution of weak hydrochloric acid. When the pH of glycine is adjusted to 6.8, the glycine molecules do not migrate to the anode or cathode when placed in an electrolytic cell. The structure of the glycine molecules at this time is mainly
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Question 12
When glucose and fructose react to form the disaccharide sucrose, they undergo
A. a condensation reaction involving the formation of an ester link

B. a hydrolysis reaction involving the formation of an ether (glycosidic) link

C. a hydrolysis reaction involving the formation of an ester link

D. the formation of an ether (glycosidic link involving hydroxyl groups

Question 13
A dipeptide formed by the reaction between glycine, C2H5O2N, and alanine C3H7O2N, would have a relative molecular mass of
A. 146
B. 164

C. 182

D. 200

Question 14
The molecule associated with all fats is
A. C3H8O3
B. C6H12O6
C. C12H22O11
D. C17H35COOH

Question 15
Glycerol monostearate is an additive commonly found in margarine. It has the following structure.
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It functions as
A. an antioxidant to prevent rancidity
B. a flavour enhancer because without it the margarine would have little taste

C. an emulsifier to prevent he water component of the mixture separating out

D. an enzyme to improve the digestion of the margarine in the small intestine
Question 16
Isobars are atoms of different elements with the same mass number. Examples are 210Pb, 210Bi and 210Po. These three atoms are likely to have simlar
A. atomic masses
B. atomic numbers

C. chemical properties

D. outer shell configurations
Question 17
The first row of transition elements contains the elements scandium to zinc. There is no obvious trend in properties of these elements because for this series of elements
A. the energy levels of the 3d and 4s subshells are about the same
B. the number of neutrons is greater than the number of protons

C. the core charge of each atom is about the same

D. the electronegativity is the same

Question 18
Zinc has many properties that are different from the other transition elements. Zinc is different in that
A. it does not form complex ions
B. it is not a good conductor of electricity

C. it does not produce coloured compounds

D. it has a high electronegativity

Question 19
Down the groups of the periodic table
A. oxidising strength increases, oxides become less basic and electronegativity decreases
B. oxidising strength decreases, oxides become less basic and electronegativity decreases
C. oxidising strength increases, oxides become more basic and electronegativity increases
D. oxidising strength decreases, oxides become more basic and electronegativity decreases
Question 20
The nuclear reaction 
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A. is a fission reaction and releases energy
B. is a fission reaction and absorbs energy

C. is a fusion reaction and releases energy

D. is a fusion reaction and absorbs energy

SECTION B – Short-answer questions

Question 1
(11 minutes, 9 marks)
Research workers in two different food analysis laboratories were measuring the energy content of two brands of potato chips, CrunchOs and Crispthins, using bomb calorimeters. The following results were obtained.
following data was produced.
	Laboratory A
	
	Laboratory B

	Brand of potato chips
	CrunchOs
	
	Brand of potato chips
	Crispthins

	Mass of chips burnt
	0.600 g
	
	Mass of chips burnt
	0.600 g

	Calibration data
	V = 6.06 V

I = 7.50 A

t = 2 min 30 sec
	
	Calibration Factor
	1140 J °C–1

	Temperature rise during calibration
	5.00°C
	
	Temperature rise during burning
	10.50°C

	Energy content of chips
	18.0 kJ g–1
	
	Energy content of chips
	


a. (i)
Calculate the electrical energy put into the bomb calorimeter in Laboratory A.
____________________________________________________________________________________

____________________________________________________________________________________

(ii)
Hence calculate the Calibration Factor for this calorimeter.
____________________________________________________________________________________

____________________________________________________________________________________

2 marks
b. What would the temperature rise have been when the 0.600 g of CrunchOs were burnt in the bomb calorimeter in Laboratory A?
_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks

c. Calculate the energy content in kJ g–1 of the food tested by Laboratory B.
_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark

d. If the two sets of results were accurate, suggest an explanation for any differences in the energy content of the two brands, in terms of their composition.
_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark

e. Suppose a consumer ate 10 g of CrunchOs potato chips. Does this mean that his/her body would absorb 180 kJ of energy? Explain your answer.
_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks

f. On checking the results in Laboratory B, a research worker discovered that the crisps had not been freshly opened just prior to the test, and in fact had absorbed some moisture from the air. How would the calculated energy content be affected by the presence of moisture in the 0.600 g sample?
_______________________________________________________________________________________

_______________________________________________________________________________________

1 mark

Question 2
(5 minutes, 4 marks)
When copper is electropolished the copper sheet is placed in an electrolytic cell so that it acts as the anode. The electrolyte used in this case is 2 M CuSO4 solution and the cathode is itself made of copper. The copper sheet at the anode becomes smooth due to the removal of copper atoms on the surface.
a. Write a half-equation for the reaction occurring at
(i)
the anode
________________________________________________________________________

(ii)
the cathode
________________________________________________________________________

2 marks
b. Assuming the cell is 100% efficient, what mass of copper will be removed from the copper sheet in the electropolishing process if a current of 405 A is passed through the cell for 5.00 minutes?
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks
Question 3
(11 minutes, 9 marks)
The diagram below shows the basic structure of the silver-zinc button cell.
The reactions occurring when this cell is producing electricity are:

Zn (s) + 2 OH– (aq) ( ZnO (s) + H2O (l) + 2 e–
Ag2O (s) + H2O (l) + 2 e– ( 2 Ag (s) + 2 OH– (aq)
a. What is the net reaction for this cell?
_______________________________________________________________________________________

1 mark
b. Name the oxidant.
_______________________________________________________________________________________

1 mark
c. A silver-zinc button cell contains 5.45 g of Ag2O. If the cell consumes 90% of the Ag2O before going flat, how long, in hours, will the cell last if it produces a steady current of 0.10 A?
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

3 marks
d. What is the minimum mass of zinc needed for the cell to last this long?
_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks
e. The silver-zinc button cell is a primary cell. Some cells are secondary cells. Give two differences between primary and secondary cells.
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks
Question 4
(7 minutes, 6 marks)
A biochemist was supplied with three unlabelled bottles. One contained a sample of the amino acid glycine, one contained a sample of glucose and the third contained a sample of a monounsaturated fatty acid derived from peanuts. A number of tests were then performed on the samples so that the biochemist could deduce the type of substance in each bottle.

For each of the tests below, place a tick in the box if a positive result or chemical reaction would occur.
	
	
	Glycine
sample
	
	Glucose
sample
	
	Monounsaturated
fatty acid

	
	
	
	
	
	
	

	Lassiagne Test for the 
presence of nitrogen
	
	(
	
	(
	
	(

	
	
	
	
	
	
	

	Solubility in water
	
	(
	
	(
	
	(

	
	
	
	
	
	
	

	Bromine test
	
	(
	
	(
	
	(

	
	
	
	
	
	
	

	Limewater test on the 
combustion products
	
	(
	
	(
	
	(

	
	
	
	
	
	
	

	Test for a reducing sugar 
with Fehling’s solution
	
	(
	
	(
	
	(

	
	
	
	
	
	
	

	Test for the presence of 
a hydroxyl group
	
	(
	
	(
	
	(


6 marks
Question 5
(11 minutes, 9 marks)
Use the following substances to answer the questions below. There may be more than one correct answer to each question.
	CO2
	CO
	C
	NH4+
	N2
	NO3–

	S
	H
	N
	P
	O
	O2

	CH4
	H2O
	NO2–
	–C–O–C–
	–CO2–C–
	–CO–NH–

	C6H12O6
	C3H8O3
	C3H7NO2
	C2H5NO2
	CH4N2O
	–C=C–


a. Elements in all proteins     _________________________________________________________________

1 mark
b. End products of fat digestion     _____________________________________________________________

1 mark
c. Bonds linking disaccharides     ______________________________________________________________

1 mark
d. Reductant in the respiration reaction     _______________________________________________________

1 mark
e. Molecules that will form a peptide link     _____________________________________________________

1 mark
f. Important species involved in the nitrogen cycle     ______________________________________________
_______________________________________________________________________________________

1 mark
g. Nitrogen compound eliminated from the body in urine     _________________________________________
1 mark
h. Draw the semi-structural formula of the monounsaturated fatty acid, oleic acid, which has a formula C18H34O2
2 marks
Question 6
(13 minutes, 11 marks)
a. The table below gives information about atoms and ions. Complete the table by filling in the gaps.
	Species
	Charge
	Electronic configuration
(ground state)
	Name of species
	Symbol of
species

	A
	
	
	Sodium ion
	

	B
	
	
	
	F–

	C
	–2
	1s2 2s2 2p6 3s2 3p6
	
	

	D
	+2
	1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6
	
	


5 marks
b. Write an electronic configuration for species C that is in an excited state.
_______________________________________________________________________________________

1 mark
c. Gallium oxide (Ga2O3) is an amphoteric oxide, almost insoluble in water. Write a balanced ionic equation for gallium oxide acting as
(i)
an acid
____________________________________________________________________________

(ii)
a base
____________________________________________________________________________

2 marks
d. Iron is a transition element which forms many different complex ions. One example is [Fe(CN)6]4–, which can be formed by reacting KCN solution with FeSO4 solution.
(i)
What is the oxidation number of iron in [Fe(CN)6]4–?     ___________________
(ii)
Draw the complex ion [Fe(CN)6]4–, showing the arrangement of the ions.

(iii)
Why can Fe exist as Fe2+ and Fe3+ in its compounds?
____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

3 marks
Question 7
(7 minutes, 6 marks
a. (i)
Write a balanced equation for the net nuclear reaction that first occurs in stars like our Sun.
____________________________________________________________________________________

(ii)
It has not been possible to reproduce this reaction on Earth safely. Give on reason why.
____________________________________________________________________________________

2 marks
b. Which has the greater mass: two single protons plus two single neutrons or one 4He nucleus?

Explain your answer.
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks
c. The New Zealand scientist, Ernest Rutherford, conducted experiments in 1911 which helped determine the existence of a positive nucleus in an atom. In a helium atom, with a charge equal to two protons and a mass equal to four protons, Rutherford proposed initially that there must be electrons in the nucleus bound up with the protons. Explain how a later discovery showed that Rutherford was incorrect and give a current explanation of the structure of the helium nucleus.
_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

2 marks
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