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Chemistry

Trial CAT 1: Written Examination

Total Writing Time: 1 hour 30 minutes

QUESTION AND ANSWER BOOK

Structure of Book
Section
Number of questions
Number of questions to be answered

A
18
18

B
8
8

Directions to students
Materials
Question and answer book of 16 pages, with a detachable data sheet in the centrefold.

Answer sheet for multiple choice questions. You should have at least one pencil and an eraser.

An approved calculator may be used.

The Task
Detach the data sheet from the centre of this book during reading time.

Please ensure that you write your name in the space provided on this book and in the space provided on the answer sheet for the multiple choice questions.

Answer all questions.

Section A multiple choice questions should be answered on the answer sheet provided.

Section B questions should be answered in the spaces provided in this book.

There is a total of 72 marks available.

Working space is provided throughout this book.

All written responses should be in English.

At the end of the task
Place the answer sheet for multiple choice questions inside the front cover of this book and hand it in.

SECTION A

Specific instructions for Section A

Section A consists of 18 multiple choice items and is worth 18 marks or approximately 25 per cent of the marks available.

You should spend about 23 minutes on Section A.

Choose the response that is correct, or best answers the question, and mark your choice on the multiple choice answer sheet according to the instructions on that sheet.

A correctly answered item scores 1, an incorrect item scores 0. No credit will be given for an item if two or more letters are marked for that item. Marks will not be deducted for incorrect answers and you should attempt every item.

The following information refers to Questions 1 and 2
A solution of 0.050 M hydrochloric acid is used to dissolve a tablet of common antacid containing sodium hydrogen carbonate, NaHCO3, as the only active ingredient.
Question 1

The gaseous product formed is

a.  chlorine

b.  carbon dioxide

c.  carbonic acid

d.  water vapour

Question 2
A 1.50 g tablet leaves a solid residue of 0.100 g after reaction. The volume of acid needed for the reaction would be closest to

a.  167 mL

b.  179 mL

c.  333 mL

d.  357 mL

Question 3
A student prepares a 0.10 M solution of (NH4)2SO4. The order of concentrations of the ions in this solution is

a.  [NH4+] > [SO42-] > [H3O+] > [OH-]

b.  [NH4+] > [SO42-] > [OH-] > [H3O+] 

c.  [SO42-] > [NH4+] > [H3O+] > [OH-]

d.  [SO42-] > [NH4+] > [OH-] > [H3O+]

The following information refers to Questions 4 and 5

A first stage in manufacturing sulphuric acid is to make the gas sulphur dioxide.

A sulphuric acid factory has about 25 brick furnaces where sulphur is burnt in air to produce sulphur dioxide, which is then converted into sulphuric acid. Each furnace uses 3210 kg of sulphur every day. The process works best if two thirds of the oxygen supplied is turned into sulphur dioxide.

Question 4
The mass of oxygen that must be supplied to each furnace everyday approximates to 

a.  1060 kg

b.  2130 kg

c.  3200 kg

d.  4800 kg

Question 5
The mass of sulphuric acid produced by each furnace everyday, assuming 100% conversion of sulphur, approximates to

a.  3210 kg

b.  4905 kg

c.  9810 kg

d.  19620 kg

Question 6
The most suitable method to identify the alcohols in a mixture of alcohols of relatively low molar mass would be

a.  atomic absorption spectroscopy

b.  gravimetric analysis

c.  colorimetry

d.  gas-liquid chromatography

Question 7
Which of the following groups of formulas would represent members of a homologous series?

a.  CH3Cl, CH2Cl2, CHCl3, CCl4
b.  CH4, CH3CH3, CH3CH2CH3, CH3CH2CH2CH3
c.  ​CH2CH2, CH2CH2CH2, CH2CH2CH2CH2, CH3CH2CH3
d.  CH3OH, CH3CH2OH, CH3CH2COOH, CH3CH2CH2OH

Question 8
The petrochemical industry uses vast quantities of the alkenes which are produced by cracking petroleum. Which one of the following compounds is an alkene?

a.  C2H2
b.  C6H6
c.  (CH3)2CHCH3
d.  CH3CHCH2
Question 9
1 mole of an alkane requires 8 mole of oxygen for its complete combustion. The molecular formula of the alkane is

a.  C8H18
b.  C5H12
c.  C4H10
d.  C3H8
Question 10
Which of the following gases could not be dried using concentrated sulphuric acid?

a.  NH3
b.  NO2
c.  O2
d.  SO2
Question 11
A red dye solution is to be analysed in a colorimeter. Which of the following wavelength settings would not be suitable for the analysis?

a.  blue only

b.  blue or green

c.  green only

d.  red only

The following information refers to Questions 12 and 13

In the production of ammonia, gaseous nitrogen is reacted with gaseous hydrogen in the presence of a catalyst. The reaction can be represented as

N2(g) + 3 H2(g) ( 2 NH3(g)
(H = -92 kJmol-1
The system is allowed to attain equilibrium at 25(C and 1.0 atmosphere.

Question 12
The pressure of the system is raised to 300 atmospheres while the temperature is kept constant. Compared to the mass of ammonia in the original system, the mass of ammonia in the new system

a.  will increase

b.  will decrease

c.  will remain unchanged

d.  cannot be determined from the data given

Question 13
The temperature of the gases in the original container are increased while the volume is kept constant. Compared to the mass of ammonia in the original system, the mass of ammonia in the new system

a.  will increase

b.  will decrease

c.  will remain unchanged

d.  cannot be determined from the data given

Question 14

Cracking is used to produce ethene from large alkane molecules. The advantage of catalytic cracking over thermal cracking is that it

a.  allows the use of lower temperatures, but gives less control over the products formed

b.  allows the use of lower temperatures and gives greater control over the products formed

c.  gives greater control over the products formed, but requires higher temperature

d.  is less expensive then thermal cracking

Question 15
The twentieth century has seen the manufacture of many powerful synthetic drugs. In 1936 pethidine, the first potent analgesic which did not depend upon opium as its source, was synthesised. Its structural formula is

The side chain labelled R in the formula of pethidine has the composition (by mass) as shown in the table

Element
% by mass

carbon
49.31

hydrogen
6.85

oxygen
43.84

The empirical formula of the side chain R is

a.  CHO

b.  C2H3O

c.  C3H5O2
d.  C4H7O3
Question 16
Certain ammonium salts can be used as surfactants. These would most likely have a

a.  hydrophilic head which is cationic

b.  hydrophilic head which is anionic

c.  hydrophilic tail with an anionic head

d.  hydrophilic tail with a cationic head

Question 17
Mayonnaise is

a.  an oil in water emulsion and would have relatively high resistance to current flow

b.  a water in oil emulsion and would wash off easily in water

c.  an oil in water emulsion which would have relatively low resistance to current flow

d.  a water in oil emulsion that would feel cool on the skin

Question 18

Paraffin oil has a higher surface tension than hexane. This information implies that

a.  the bonding between the molecules in paraffin oil is stronger than that between the hexane molecules

b.  paraffin oil will wet a clean glass surface to a greater extent that hexane

c.  hexane molecules are smaller than the molecules in paraffin oil

d.  hexane molecules will act as a better surfactant than the molecules in paraffin oil

end of section a
Section B

Specific instructions for Section B

Section B consists of 8 short answer question. You must answer all of these questions. The section is worth 54 marks or approximately 75 per cent of the total.

You should spend approximately 67 minutes on this section.

The marks for each question and the suggested time are indicated at the end of the question.

Questions should be answered in the spaces provided in this booklet.

You should

· give simplified answers with an appropriate number of significant figures to all numerical questions; unsimplified answers will not receive full marks.

· show all working in your answers to numerical questions. No marks can be given for an incorrect answer unless it is accompanied by details of the working.

· make sure equations are balanced and that the formulas for individual substances include an indication of state, for example H2(g), NaCl(s).

Question 1

The diagram shows pure water on the surface of a piece of clean polyethene.

a. Complete the diagram below to clearly show the effect on the contact angle (() on the addition of a surfactant. (Assume the change in the volume of the liquid is negligible.)

b. Another liquid (liquid X) is placed onto a second block of polyethene. The surface tension of the liquid X is greater than that of water.

(i) Suggest a substance that could be liquid X.

___________________________________________________________________________

(ii) Complete the diagram below to clearly show liquid X on a polyethene block.

(iii) Explain in terms of the bonding between particles the difference in the contact angle with polyethene for pure water and liquid X.

___________________________________________________________________________

___________________________________________________________________________

1 + 3 = 4 marks

suggested time: 5 minutes

Question 2
The calcium content of urine can be determined by first precipitating the calcium as calcium oxalate.

Ca2+(aq) + C2O42-(aq) ( CaC2O4.2H2O(s)
Next the hydrated calcium oxalate, CaC2O4.2H2O, is dissolved in acid to form oxalic acid, H2C2O4. The liberated oxalic acid is then titrated with potassium permanganate, KMnO4, solution according to the equation:

5 H2C2O4(aq) + 2 MnO4-(aq) + 6 H+(aq) ( 10 CO2(g) + 2 Mn2+(aq) + 8 H2O(l)
The calcium in a 5.00 mL urine sample is analysed in this fashion and the liberated oxalic acid required 15.78 mL of 0.001090 M KMnO4 solution.

a. Calculate the amount, in mol, of potassium permanganate used to react with the liberated oxalic acid.

b. Calculate the amount, in mol, of oxalic acid produced from the 5.00 mL urine sample.

c. Hence, calculate the molarity of the calcium ion in the urine sample.

1 + 2 + 2 = 5 marks

suggested time: 6 minutes

Question 3
a. A solution of hydrogen peroxide, H2O2, and acidified aqueous potassium permanganate, KMnO4, react according to the equation

2 MnO4-(aq) + 5 H2O2(aq) + 6 H+(aq) ( 2 Mn2+(aq) + 8 H2O(l) + 5 O2(g)
(i) Write a balanced half-equation for the oxidation reaction which occurs in this reaction.

___________________________________________________________________________

(ii) Write a balanced half-equation for the reduction reaction which occurs in this reaction.

___________________________________________________________________________

b. The label on the bottle of the solution of hydrogen peroxide, H2O2, says it is 10.0%, by mass, hydrogen peroxide, and has a density of 1.19 gmL-1. Show that this data is consistent with a concentration of 3.50 M.
c. 20.00 mL of this solution is pipetted into a 250 mL volumetric flask, and the volume is made up to the mark with distilled water. 25.00 mL of this solution is titrated, in the presence of dilute sulphuric acid, with a 0.129 M solution of potassium permanganate, KMnO4.

What volume of the potassium permanganate solution is required for complete reaction of 25.00 mL of the diluted sample?

2 + 2 + 4 = 8 marks
suggested time: 10 minutes

Question 4
A chemist in a Contact Plant conducted a series of experiments to determine the conditions to be used. The equation for the reaction considered is 

O2(g) + 2 SO2(g) ( 2 SO3(g)
In a particular experiment, 0.01000 mol of oxygen gas and 0.00777 mol of sulphur dioxide were reacted in a 10.0 L vessel. The temperature was maintained at 525(C and the amount of oxygen remaining when equilibrium was attained was 0.00824 mol.

a. Write an expression for the equilibrium constant for this reaction.

b. Calculate the amount, in mol, of sulphur trioxide, SO3, produced.

c. State the concentration of each species present at equilibrium.

d. Calculate the equilibrium constant for the reaction at 525(C.

e. If some oxygen gas is added to the flask at equilibrium and the system allowed to return to equilibrium at constant temperature, what effect will this have on 

(i) the concentration of sulphur trioxide

___________________________________________________________________________

(ii) the equilibrium constant?

___________________________________________________________________________

1 + 2 + 3 + 1 + 2 = 9 marks

suggested time: 11 minutes
Question 5
A student wanted to try an experiment involving invisible writing on a glass slide. The procedure firstly required the glass slide to be cleaned with a anionic detergent.

a. Describe the nature of a detergent and how the detergent cleaned the glass plate. Use a diagram to help illustrate your answer.

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

b. The glass plate was then washed in a cationic surfactant. Describe what effect this would have on the cleaned glass plate.

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

c. A felt tipped pen containing an anionic surfactant was then used to write a message on the glass plate. When the plate was dried nothing could be seen on the plate, but when a fine mist of water was sprayed on the glass the message became visible. Explain what happened.

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

4 + 3 + 2 = 9 marks

suggested time: 11 minutes
Question 6
One of the steps in the synthesis of nitric acid from ammonia involves the oxidation of ammonia, NH3, to nitrogen(II) oxide, NO.

4 NH3(g) + 5 O2(g) ( 4 NO(g) + 6 H2O(g)
Suggest two ways that could be used to increase the rat of production of nitrogen(II) oxide by this reaction. For each method, use the collision theory to explain how the change is effecting an increase in the rate of the reaction.

Method 1

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

Method 2

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

4 marks

suggested time: 5 minutes
Question 7
A sample of steel contains predominantly iron contaminated with small amounts of elemental carbon and manganese. To determine the percentage, by mass, of manganese in a steel sample, 6.811 g was completely dissolved in concentrated nitric acid. The resulting solution was then treated with potassium periodate, KIO4. This converts the manganese, Mn2+, ions to permanganate, MnO4-, ions according to the equation

2 Mn2+(aq) + 3 H2O(l) + 5 IO4-(aq) ( 2 MnO4-(aq) + 5 IO3-(aq) + 6 H+(aq)
The reacted sample was completely transferred to a 25.0 mL volumetric flask and made up to the mark with distilled water.

The MnO4- ions are intensely purple in colour and allowing their concentration to be conveniently determined by UV-visible spectrophotometry. The UV-visible spectrophotometer was set at 525 nm to determine the intensity of the purple solution.

A sample was placed in the instrument and its absorbance was measured together with a series of standards containing MnO4- ions. The results are shown in the table below.

Standard solutions
Concentration (mgL-1)
Absorbance

1
25.4
1.12

2
19.1
0.82

3
12.7
0.55

4
6.35
0.27

5
3.18
0.14

6
1.59
0.070

7
0.79
0.030

Steel sample solution

0.50

a. Why was a wavelength of 525 nm chosen for this analysis?

___________________________________________________________________________

___________________________________________________________________________

b. Use the data to construct a calibration curve of the grid provided.

c. Use the calibration curve to determine the concentration of manganese in the 25 mL sample

___________________________________________________________________________

d. Calculate the

(i) mass of MnO4- in the volumetric flask.

(ii) mass of manganese in the steel sample.

(iii) percentage, by mass, manganese in steel sample.

1 + 2 + 1 + 5 = 9 marks

suggested time: 11 minutes
Question 8
Iron ore plays a significant role in the economy of Australia. Iron is a major product from the mining of iron ore.

a. Give the chemical name and write the chemical formula of the three essential raw materials in the extraction of iron, other than iron ore.

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

b. What is the major impurity in iron ore?
___________________________________________________________________________

c. Write a balanced chemical equation for the removal of this impurity in the blast furnace.

___________________________________________________________________________

d. Write a balanced chemical equation for the formation of the chemical used in the reduction of iron ore in the blast furnace.

___________________________________________________________________________

3 + 1 + 1 + 1 = 6 marks

suggested time: 8 minutes
end of question and answer book




