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2015 YEAR 12 MID-YEAR EXAMINATION
CHEMISTRY

Part A — 20 marks
Attempt Questions 1-20
Allow about 35 minutes for this part

Use the multiple-choice answer sheet provided for Questions 1-20

Select the alternative A, B, C or D that best answers the question. Fill in the response oval
completely.

Sample 2+4= (A)2 (B) 6 (©) 8 (D)9
AO B @D cCO DO

If you think you have made a mistake, put a cross through the incorrect answer and fill in the new
answer.

AP B W cO DO

If you have changed your mind and have crossed out what you consider to be the correct answer,

then indicate this by writing the word correct and drawing an arrow as follows:
correct

A PO O pO

1 An unknown chemical was extracted from a soil sample and sent to your laboratory.
One of the first tests you carried out was to determine the pH of the chemical by using
indicators. The results were:

Indicator Colour
Phenolphthalein Colourless
Methyl orange Yellow
Bromothymol blue Yellow

How should your laboratory classify the chemical from the soil sample?

(A)  neutral

(B)  slightly alkaline
(C)  highly acidic
(D)  slightly acidic
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2 Identify the CORRECT statement.

(A)  Metals tend to form acidic oxides, which react with bases.

(B) Non-metals tend to form acidic oxides, which produce aqueous solutions of
low pH.

(C)  Non-metals tend to form basic oxides, which react with water to produce
acids.

(D) Non-metals tend to form oxides which will neutralise acids.

3 An acidic, pollutant gas formed during high temperature combustion in air is:

(A)  nitrogen monoxide.
(B)  nitrogen dioxide.
(C)  carbon monoxide.

(D) ammonia.

4 According to the Lavoisier’s acid theory, an acid is a substance which:

(A) contains oxygen atoms.

(B)  turns blue litmus red.

(C)  is neutralised by a base.

(D)  is capable of donating a proton.

5 Which of the following species does NOT contain a co-ordinate covalent bond?
A O3
(B) H;0"
(C) NHs
D) NH'
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6 Which of the following lists the CORRECT combination of alcohols and acids
used to form an ester?

Acid Alcohol Ester
(A) pentanoic ethanol pentyl ethanoate
(B) butanoic 1-propanol 1-propyl butanoate
© ethanoic methanol methyl methanoate
(D) methanoic methanol ethyl methanoate
7 A bright, apple-green flame was observed when a flame test was performed on a white

solid. Adding a small amount of the white solid to 2.0M HCl solution produced bubbles of
a colourless gas.

From these results it is possible to conclude that the unknown solution contained :

(A) nickel and chloride ions.
(B) copper and sulfate ions.
(©) barium and carbonate ions.
(D) copper and carbonate ions.
8 The pH of a sulfuric acid solution is measured at 2.0 by a pH meter.

Which of the following alternatives shows the correct concentrations of hydrogen and
sulfate ions in this solution?

Concentration of hydrogen Concentration of sulfate
ions in solution (M) ions in solution (M)
A 1.0x 10" 2.0x 10"
B 1.0x 107 2.0x 107
C 1.0x 10" 5.0 x 107
D 1.0x 107 5.0x 107
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9 A group of 5 students collected a large bottle of water from a river. Each student
evaporated a 100 mL aliquot of the river water to determine the total solids per 100 mL.
Their results are tabulated below.

Student number | Mass in grams per 100 mL
1 0.696
2 0.701
3 0.705
4 0.598
5 0.698

The students needed to calculate an average mass/100 mL to determine the total solids in
the river. Which value should the students use?

(A)  0.6796
(B)  0.680
(©)  0.700
(D) 0.7

10  The table below shows the solubility of carbon dioxide in water at various temperatures.

Temperature (°C) | Solubility (g of CO; per 100 g water)
0 0.320
10 0.220
20 0.170
30 0.130
40 0.095

Use Le Chatelier’s Principle and the data in the table to determine which is the correct statement.

(A) CO;(g) == CO2 (aq) is endothermic
B) COz(g) = CO; (aq) is exothermic
(C©) CO;(g) = CO; (ag) is endothermic
(D) CO;(aq) = CO; (g) is endothermic
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11 Identify the CORRECT statement about the isomers of C,F3;Cls.

(A)  There are three isomers: 1,1,1-trichloro-2,2,2-trifluoroethane, 1,2,2-trichloro-
1,1,2-trifluoroethane and 1,1,2-trichloro-1,2,2-trifluoroethane.

(B) There are two isomers: 1,1,1-trichloro-2,2,2-trifluoroethane, and 1,1,2-
trichloro-1,2,2-trifluoroethane.

(&) There are two isomers: 1,1,1-trifluoro-2,2,2-trichloroethane, and 1,1,2-
trifluoro-1,2,2-trichloroethane.

(D)  There are three isomers: 1,1,1-trifluoro-2,2,2-trichloroethane, 1,2,2-trifluoro-

1,1,2-trichloroethane and 1,1,2-trifluoro-1,2,2-trichloroethane.

12 Which of the following lists contains substances which are in order of increasing boiling
points?

(A)  ethanol, ethene, ethane
(B)  methanol, ethane, propanol
(C)  propanol, ethanol, methanol

(D)  methane, methanol, methanoic acid

13 Consider the structural formula shown below.

HFC-134a, CH,FCF5

Which of the following is the systematic name for this compound?
(A)  1,1,2-trifluvoromethane.
(B) 1,1,2-trifluoroethane.
© 1,1,1,2-tetrafluoromethane.

(D) 1,1,1,2-tetrafluoroethane.
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14 The graphs below show the fraction of ammonia present at equilibrium when nitrogen
and hydrogen react under varying conditions of temperature and pressure.
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Use the information from the graphs above to identify the conditions of temperature and
pressure which would give the highest yield of ammonia.

(A)
(B)
©
D)

600°C and 1000atm.
200°C and 150atm.
600°C and 150atm.

200°C and 1000atm.

15  Incomplete combustion of petrol may result in the production of undesirable pollutants.

Two such pollutants produced from the incomplete combustion of petrol are:

(A) carbon and carbon monoxide.

(B) carbon and carbon dioxide.

(C) carbon dioxide and water.

(D) nitrogen oxides and carbon monoxide.
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16 A schematic diagram representing the processes used at a small sewage treatment plant is

shown below.
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Two water samples from this sewage plant were tested for the biochemical demand
(BOD). The following results were obtained:

Water sample BOD (mgL )
1 1.2
2 2500

These results indicate that:
(A) sample 1 is treated sewage while sample 2 is raw sewage.

(B) both samples were taken from the primary treatment plant.
(C) sample 2 has more than 2000 times the dissolved oxygen of
sample 1.

(D) both samples were taken from the secondary treatment plant.

17 The onset of eutrophication of a river system can be predicted by high levels of:

(A)  dead and decaying plants and animals.

(B) BOD readings.

(C)  nutrients, especially phosphate and nitrate ions.
(D)  turbidity.
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18 The decomposition of dinitrogen tetroxide (N5Oy) is represented by the
following equilibrium equation:

N,O,(g) == 2NO,(g)  AH =58 kJmol™

The graph below shows this equilibrium system undergoing a disturbance and shifting to re-
establish a new equilibrium.

A
0.02
N,O, -~

et o~

e e - e e

0.01 -

: ~1
concentration (mol L )

0.00 >

time (hours)
The disturbance shown in the above graph was caused by
(A) adecrease in pressure.

(B) an increase in temperature.

(C) the addition of some NO gas.

(D) the removal of some NO, gas.

19 Modern refrigerators no longer contain CFCs. A suitable non-CFC refrigerant which
does not cause ANY destruction of ozone in the stratosphere is

(A) tetrafluoromethane.
(B)  1-chloro-1-fluoroethane.
(C) trichlorofluoromethane.

(D) 1,1,2,2-tetrachloro-1-fluoroethane.
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20 A chemist analysed a sample of soil for lead contamination. A 10.0 g sample of soil was
treated with a mixture of nitric and hydrochloric acids to dissolve all the lead in the soil
sample. The resulting solution was diluted to 1.00 L and the concentration of lead was
determined using AAS. The absorbance of a series of lead standard solutions was
measured and the results plotted to give the graph below.

0.600 =

0.400 =

absorbance

0.200 -

<
y

0.100 0200 0300 0.400
concentration of lead (mg/100 mL)

The absorbance of the 1.00 L soil sample was found to be 0.200. The concentration, in
ppm, of lead in the soil sample is:

(A)  0.130
B) 13.0
© 130
D) 300
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Chemistry

Part B — 35 marks
Attempt Questions 21-27
Allow about 65 minutes for this part

Student Number

Answer the questions in the spaces provided.
Show all relevant working in questions involving calculations.

Question 21 (3 marks)

A student was provided with two colourless solutions, each in a separate beaker,
labelled X and Y. They were informed that one solution was 0.10M hydrochloric
acid, the other 0.10M ethanoic acid.

The student performed two tests on the solutions:

Test 1: The pH was determined by inserting a pH probe into each solution.

Test 2: The volume of 0.10M sodium hydroxide solution needed to
reach end-point with the acids was determined with a suitable indicator.

Compare the effectiveness of the two tests in determining the identity of each acid.
Justify your answer.

.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................

.....................................................................................................................................
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Question 22 (4 marks)
The daily recommended intake for Vitamin C (ascorbic acid) is 60 mg.

The label on a brand of orange juice claims the juice contains over half the daily
requirement of Vitamin C (ascorbic acid) in every 100 mL of the juice.

The concentration of ascorbic acid in juice can be determined by titration method. A
sample of juice is titrated against a standard solution of iodine using starch as an
indicator.
The following reaction takes place as the iodine is added to the juice sample:

CeH3O06 (aq) + I (aq) > 2I" (aq) + CsHsOs (aq) +2H' (aq)
The starch remains colourless as the iodine is added until all of the ascorbic acid
present has reacted with the jodine. As soon as any excess iodine is present, a blue-
black colour is observed, as the starch reacts with the iodine. This is the end-point of
the titration.
In an expenment to determine the vitamin C content in the above juice, a 25.0 mL
sample of juice was added to a conical ﬂask along with 5 drops of starch solution.
This sample was titrated with 5.00 x 10 mol/L iodine solution. An average of

9.15 mL of iodine was needed to reach end-point.

(a) Identify the piece of glassware which would be used to accurately deliver
25mL of orange juice into conical flask.

...........................................................................................................................

(b) Calculate the mass (in mg) of ascorbic acid present in the 25 mL sample of
orange juice. Show your working

............................................................................................................................
............................................................................................................................
............................................................................................................................

............................................................................................................................

working.
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............................................................................................................................
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Question 23 (4 marks)

The sleepy little town of Snug has a river flowing through it, which begins in the nearby
mountains and discharges into an ocean bay. The town has a poor quality sewage

treatment plant, and a large area of agricultural land.

The following data were collected at various places along the river.

. Dissolved BOD [NO3']
Site H ] (ppm
Oz (ppm) | (ppm) P (ppm) | 11 oPm™)
A 9 1 6.9 0.1 50
B 8 2 6.8 3.3 62
C 3 16 5.2 38 10,000

(a)  Identify the site closest to the source of the river, justifying your answer.

.......................................................................................................................................
.......................................................................................................................................

.......................................................................................................................................

(b) Justify the locals’ decision not to swim in the bay near the mouth of the
river.

.......................................................................................................................................
.......................................................................................................................................

.......................................................................................................................................
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Question 24 (5 marks)

Ammonia production has remained one of the most important processes since its
industrialization in 1913.

Explain how the conditions used in the process maximize rate and yield, and assess
the importance of the catalyst.

.......................................................................................................................................
.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................
.......................................................................................................................................

.......................................................................................................................................
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Question 25 (6 marks) Marks

Lead is regarded as a heavy metal. The levels of lead in soil and water supplies
need to be monitored as lead has been found to be detrimental to health.

(a) Describe how lead ions in a sample can be identified in a laboratory using

precipitation reactions. Write equations for the reactions you describe. 3
(b) Assess the effectiveness of atomic absorption spectroscopy (AAS) and 3

precipitation reactions as methods for detection of lead ions in water or soil

samples.

..............................................................................................
..............................................................................................
..............................................................................................
..............................................................................................
..............................................................................................
..............................................................................................
..............................................................................................
..............................................................................................

..............................................................................................
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Question 26 (7 marks) Marks

A student prepared an ester by heating methanol and propanoic acid, using concentrated
sulfuric acid as a catalyst under reflux.

(a)  Name the ester formed. 1
~(b)  Draw an expanded structural formula for this ester. 1
(¢) Draw the structure of an acid which is an isomer of the ester you have drawn in 1

part (b) above.

(d) Justify TWO reasons for the use of heating under reflux during this experiment. 2

..............................................................................................
..............................................................................................
..............................................................................................
..............................................................................................

..............................................................................................

Question 26 continues on the next page
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(e)

Question 26 (continued)

Explain why the boiling point of an ester is lower than the boiling points of
acids or alcohols of similar molar mass.

..............................................................................................
..............................................................................................
..............................................................................................
..............................................................................................

..............................................................................................
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Question 27 (6 marks)

A student was interested in confirming the sulfate content of a lawn-food, so he
carried out the following investigation.

Weigh a 250 mL beaker.

Add two spatulas of lawn-food and reweigh the beaker with lawn-food.
Add 100 mL of 0.1M HCIl and stir the mixture.

Add 50 mL of saturated BaCl(aq).

Filter to obtain the precipitate using a pre-weighed filter paper.

Wash the precipitate and dry for 10 minutes.

Reweigh the filter paper and precipitate.

NoorON=

He also recorded the following observations and results during the experiment.

e The lawn-food appeared to be an uneven, grey colour.

e Even though | stirred the lawn-food with the acid for a few minutes, not
all of it dissolved.

e \When | added the BaCl; solution, a dense, white precipitate formed
suddenly.

e My teacher told me to expect the filtration not to work very well, but
none of the solid went through my filter paper into the filtrate.

Results:
e Mass of beaker: 3055 g
o Mass of beaker and lawn-food: 306.9 g
e Mass of filter paper: 0.105 g
e Mass of filter paper + precipitate: 1.425 g.
(a) Write the net ionic equation for the reaction that occurred when the BaCl,

was added to the beaker.

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

(c) The value quoted on the label for the % of sulfate was 25%. Based on the
student’s method, identify two reasons why he did not obtain this result.

.......................................................................................................................................
......................................................................................................................................

.......................................................................................................................................
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Section H

12 marks
Attempt Question 28
Allow about 20 minutes for this section

Answer question 28 in a writing booklet. Extra writing booklets are available.
Show all relevant working in questions involving calculations

Question 28 — Industrial Chemistry (12 marks)
(a) Write an appropriate equation and describe what you observed for a reaction
carried out in the laboratory to show sulfuric acid acting as:
(i) a dehydrating agent
(ii) an oxidising agent
(b) The industrial production of nitric acid involves several equilibrium steps.
(1) One step in the production of nitric acid involves the reaction of nitrogen
monoxide with oxygen, according to the equation:
2NO (g) + O2(g) = 2NO: (g
This reaction is exothermic.
Describe TWO methods which could be used to increase the yield of
nitrogen dioxide.
(ii) A 10 L reaction flask initially contained 2.5 mol NO and 1.2 mol Os.

After equilibrium was established, there was only 0.5 mol NO.
Calculate the equilibrium constant for the reaction. Show all relevant

working.

(c) Raw materials used in the production of sulfuric acid include sulfur and
ores of sulfur.
(1) Describe the PHYSICAL processes used in the Frasch process and relate
these physical processes to physical properties of sulfur.

(ii) Outline ONE possible environmental issue associated with the extraction

of sulfur by the Frasch process.

End of Paper
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Student Number

CHEMISTRY — MULTIPLE-CHOICE ANSWER SHEET

ATTEMPT ALL QUESTIONS

Question 1
2

3
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DATA SHEET

Avogadro constant, N vt e e e e

Volume of 1 mole zdeal gas: at 100 kPa and

at 0°C 273.15K) wvvrveeene
at 25°C (29815 K) e

Tonisation constant for water at 25°C (298,13 K), K, .o
Specific heat capacity of WaLET .......oeevvenniciei e

Some useful formulae

6.022 x 10°} mol™

e 2271 L

2479 L
1Lox 107
418 x 100 Tkg P K

pH = —log,,[H*] AH =-mCAT
Seme standard potentials

K*+e = Kis) 254V
Ba™t 4+ 2¢” = Ba(s) 291V
Ca®* +2e” = Cals) 287V
Na'+¢ == Na(s) 2V
Mg + 2™ = Mgl 236V
A 4 3e = Al 168V
M+ 2e™ = Mnis) —L18V
H,O +¢ = IHlg)+OH™ -0.83V
Znt 4 2e” = Znis) 076V
Fe'* + 2" = Fels 044V
Nit 4 26~ = Nisg 0.24%
S+ 2¢” = Snixn 014V
Ph* 4 2¢” = Pbis 0.13V
Hf+e = IHjg 0.00V
SO +4H* +2¢” @ S0,aq)+2H,0 0.16V
Cu + 26" = Cufs) 034V
10,0gy+ HyO +2¢7 W ZOHT 040V
Cut +¢ = Culsh 052V
s +e” LT 054V
{;Iziaq) +e~ = I~ 082V
Fe™* v+ & = Rt 07TV
Agh+e = Agn 0.30V
$Brh + e =  Br 1Lo8V
iBrylagy + ¢ = Br~ 119V
10,2+ 2H + 27 =  H0 123V
10+ = o 136V
007+ THY 36 O+ IHO 136V
1Cl(ag)+ e = 140V
MnQ, + 8H" + 5¢~ = Mo +4H,0 151V
IF (g +e = 289V

Aylward and Findlay, SI Chemical Data (5th Edition) is ihe priacipat source of data for
this examination paper. Some data may have been modified for examinalion purposes.
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