Section 1 (total marks 75)

Part A (total marks 15)

Attempt Questions 1-15
Allow about 30 minutes for this part
Use the multiple choice sheet for your answers

1.

Chemistry
Trial HSC 2004

Name:

General Instructions

* Reading time - 5 minutes

*  Working time — 3 hours

*  Write using black or blue pen

e Draw diagrams using pencil

* Board - approved calculators may be used
*  Write your name at the top of all papers

Copyright-

Total marks - 100

Section I

75 marks
This section has two parts, Part A and Part B

Part A - 15 marks 3
e Attempt questions 1-15 d
¢ Allow about 30 minutes for this part

Part B — 60 marks
* Attempt all questions
¢ Allow about I hour and 45 minutes for this part

Section 11 - Options

25 marks

* Atempt ONE question from this section
* Allow about 45 minutes for this section

Academic Excellence Group 02 42 375780

Palyethylene is formed from monomers of ethene. Which of the following correctly
describes the class of reactions it belongs to?

(A) Reduction reaction
(B) Oxidation reaction
{C) Polymerisation

(D) Condensation reaction

Name the following compound.

H m_ h_,_ J.

_

=gy =t
H H H

(A) 1.2,3-trichloro-1-fluorobutane

(B) 2,3.4-trichioro-4-fluorobutane
(C) 3-trichloro-1-fluorobutane
(D) 1-fluoro-1,2,3-trichlorobutane

The molar heat of combustion of I-propanol is -2016 kJ.mol"'. Which of the
following statements is correct for 1-propanol when 5 g is combusted?

(A) 168 x 10° kJ is released

(B) 168 kJ is released
(C) 32,000 is absorbed
(D) 24192 Jis released
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0. A student wants to produce an ester and gathers the following substances and items
for the reaction:

Reflux apparatus
Pentanoic acid
1-Butanol

Water bath
Glass ware

Which of the following correctly names the ester she will form and the essential item
missing from the above list?

(A) Butyl pentanoate, concentrated hydrochloric acid
(B) Pentyl butanoate, concentrated sulfuric acid

(C) Butyl pentanoate, concentrated sulfuric acid

(D) 1-Butanyl pentanoate, gloves

:. z“a+u:§fn+wz:§ AH = -92kJ.mol’
The above reaction is an essentjal process used in modern industries for the starting
point to produce a large range of nitrogen based compounds from explosives to
fertilisers. If this reaction was allowed to reach equilibrium, what would be the effect
if more NHj () was to be injected into the reaction chamber?

(A) The temperature will decrease

(B) The concentration of hydrogen would decrease

(C) There would be no effect because it is on the product side
(D) The temperature will increase

You have been asked to confirm that an unlabelled beaker contains calcium nitrate by
testing for the calcium ion. Which of the following results would confirm the
presence of calcium?

(A) White precipitate with sodium sulfate and sodium fluoride solutions, and
produces a brick-red flame colour

(B) White precipitate with lead sulfate and lead fluoride, and produces a brick-red
flame colour

(C) Yellow precipitate with sodjum sulfate solution and white with sodium fluoride
solution, and produces a green flame colour

(D) White precipitate with sodium sulfate and potassium fluoride solutions, and
produces a strong yellow flame colour

13.

14.

Ozone Oxygen molecule

The above are models of ozone and the oxygen molecule. Which of the following
slatements is correct in distinguishing between the properties of the two gases?

(A) Ozone contains more reactive oxygen atoms

(B) Ozone contains different isotopes to the oxygen molecule

(C) The oxygen molecule is more harmfiul to living things at the surface

(D) ©Ozone contains a coordinate covalent bond and the oxygen molecule does not

A chemical now banned in many countries was ance used for making foam plastics
and is now considered dangerous because of its azone depletion gualities. The
following table displays the relative masses of the elements present in one mole of
the chemical.

Fluorine

Chlorinefz

Carbon m

10 20 30 40 50 60 70 80 100 110

grams per mole
What is this chemical’s name, assuming it only has one carbon per molecule?

(A) Dichlorodifluoromethane
(B) Trichlorofluoromethane
(C) Trifluorochloromethane
(D) Monocarbontrichlorofluoride
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Marks

Marks
Question 17 (6 marks) Question 18 (6 marks)
: . , P . 1 - . . G
() (i) Explain what is meant by “condensation polymer. (a) “Zinc can be displaced from solution by lead but not magnesium’
(ii) Outline the reaction involved in the formation of cellulose 5 (i) This statement appeared in a student’s practical wco_..h after an experiment.
’ ’ Comment on it’s correctness and restate it correctly if necessary.
3
e why the table of standard 5

(ii) Define the terms reduction and oxidation. Outli

potentials has the reduction of water at —0.83 V and the oxidation of zinc at +0.76 V?

{b) Assess the potential of biopolymers as useful substances that can be used by

mankind.

(b) Lead m.u Copper

2 24
Pb™ (1 meiry Cu” meiry

(i) Identify the anode in the above cell and state why you selected it.

(i1) Write the net redox equation for the cell reaction and calculate the overall 2

voltage (cell potential E").
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Marks

Marks

(i) Calculate the pH of a solution formed when 0.5g of sulfuric acid is dissolved in 2 Question 21 (6 marks)

1400mL of pure water.

(a) The process of disso /ing carbon dioxide in water is exothermic,
OONHE + Imo.\: = ZNQOXE:
Use the above information to answer the following questions.

(ii) To confirm this pH, comment on how useful the following table of indicators 1

would be. (i} Outline the main concept behind Le Chatelier’s Principle. 1

(ii) 1

: : [

Indicator Approximate| Colour
pH range change
Litmus 4.7-8.3 red to blue Solubility
Phenolphthalein 8.2-10.0 colourless to pink %
Bromothymol blue 6.0-7.6 vellow to blue
Methyl orange 3.2-44 red to yellow
e

Ethyl red 4.0-5.8 colourless to red

Temperature increase of lake ————»

On the above graph draw a line roughly describing what happens to the solu
of carbon dioxide in a large lake as its temperature rises. Start from point X.

ity

(iti) -What part do the oceans play in balancing the overall carbon dioxide level in 1
the atmosphere?
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Marks

(b) The following two containers are identical in volume and sealed. Each had one mole 3
of ammonia pas injected into them and the reactions were given time to set up
equilibriums with their conditions.

Compare the two reactions and their equilibrium concentrations taking into account
that their conditions are different. (BP of ammonia is -33° C)

200 kPa 100 kPa
500°C 0°C
Container A Container B

szx.ﬁ =¥ Zunw_ o umuﬁmu AH = 92 kJ/mol.

Question 24 (6 marks)
(a) Magnesium carbonate is one of the salts that makes water “hard”,

(i) Outline a method to determine if a sample of water you have been given actually 1
contains the carbonate ion.

(1) Ifad400 mL sample of this “hard” water was further tested and found to contain
20.2 mg of calcium carbonate, calculate the concentration in mol.L™".

(b) Describe the process used by atomic absorption spectroscopy (AAS) to identify
metal ions in solution.

Question 25 (6 marks)

(a) (i) CFC-13 :ﬂm.m-in_zoao._.uﬂm-:.m::oﬂoﬁ:u:nv is one of the class of chemicals
responsible for the depletion of the ozone layer in the last 50 years. Draw its
structural formula.

(i) Briefly describe the process that happens in the upper atmosphere involving
CFC’s that depletes the ozone layer.

Marks

2
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Question 26 Industrial Chemistry (25 marks)
(a) (i) Outline the major problems associated with the continued use of fossil fuels.

(ii) Choose one non-fossil based fuel and outline the positives and negatives
associated with its future use.

(b) Hlg = Hg + Ly

Energy
(kJ)

Hiy + Ly

Reaction
The above reversible reaction can be described by this diagram.
(1) Explain what X and Y represent?

(i) Draw a similar diagram to the one above to represent the reverse part of the
reaction

(1i1) Explain what effect an increase in temperature and a decrease in pressure would
have on this reaction. Give reasons for YOUr answers.

(iv) 3 mole of Hl,, is placed into a 2.0 L container and allowed to reach equilibrium
producing an H, () concentration of 0.5 mol.L™". Calculate the equilibrium constant.

{c) (i) Describe an example of sulphuric acid acting as an oxidising agent and also as a
dehydrating agent.

(11) Compare the degree of ionisation of dilute and concentrated sul furic acid.
Explain your answer.

(d) (1) Briefly outline the membrane process for producing sodium hydroxide by
electrolysis.

(1)) Name TWO advantages that the membrane process has over the older processes.

(e} (i) Describe a process that you carried out to produce soap (saponification) in the
school laboratory.

) Why are soaps ofien described as emulsifiers?

End of question 26

Marks

]

3%

Question 27

(a)

(b)

(e)

(H

Marks

Shipwrecks, Corrosion and Conservation (25 marks)

Name two sources of minerals found dissolved in the ocean today. Outline how they 2
were extracted from their source and transferred to the ocean.

3

If a cube of calcium were to be dropped into a beaker of pure water, describe the
reaction in terms of electron transfer. Write half and full equations in your answer
and name the reductant.
Describe a process that could be carried out in the school laboratory to analyse the 4
conditions under which iron rusts. List and explain the expected results.

Positive Negative

Copper sulfate solution
In the above electrolysis reaction the copper sulphate solution has a deep blue colour
duc to the concentration of the copper ions.
(1) Describe, with reasons, what will happen to the colour of the solution as the 2

electrolysis proceeds.

(ii) Outline the factors that affect an electrolysis reaction. 3
Compare the effectiveness of three different protections used to coat a metal suchas 5
iron and prevent corrosion.
Briefly describe'the conditions of temperature and pressure that will increase the 2

solubility of oxygen.
Question 27 continues on the next page
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Section I: Part A

Multiple Choice Answers — Overlay Grid

L2
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Multiple Choice Answers — Descriptive Answers of Correct

Choices

Ll
=

Monomers (ethylene) react to form polymers (polyethylene).

Start counting from the end with the most “non-hydrogen™ elements and place
in alphabetical order. Don’t forget dashes and commas.

Formula mass = 60 g/mol
5 g represents 5/60 moles
Therefore, heat released = 5/60 x 2016 kJ = 168 kJ

As the solid zinc is above lead in the standard potential table (copper is below,
so will not oxidise) its mass will reduce as it displaces lead from the solution.

« emission produces Th-234
[} emission produces Pa-234
[ emission produces U-234

The NaOH solution will be strongly alkaline. (pH=12.4)
They are all nonmetals, hence oxides are acidic in solution.

61975L 2.5 moles of CO,
24.79

GWOOu + NIZO.. i ﬁmAZO;M + OOM + :mo

Therefore, moles of N=5.0
Mass = moles x molar mass
= 5x14.01
= T70g

For H,580,:

Moles of H.S0,; = 2 = 0.05

100.07
Concentration = m_b = 0.05
[HT = 2x0.05
= 0.1 moles/L
Fer HCI:
[HT = 0.001

wn

0.1

Therefore the ratio is = - = 100 times
0.001
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(i) Reduction is the taking of electrons during a reaction. Oxidation is the
releasing of electrons during a reaction.

The voltages stated are relative to the O/R of hydrogen set as a standard at

E® = 0. The sign depends on the direction taken in the reaction, All solutions are
standardized at 1.0 mol./L.

(b) (i) Anode is where oxidation is occurring ie. copper clectrode

(if) Cu®* +Mc —MWCu, 0.34
Pb(s) —> PR + 2¢ 0.14
Overall:  Pb(s) + Cu®® —, Cug + Pb* 0.48

Question 19

(@) (1) 1. Ifthere are too few or too many neutrons in the nucleus
2. If they have an atomic number above Pb in the periodic table.

(if) X is an alpha decay to remove extra mass
Y Po——>2Phi ! He
Y is beta decay to reduce the number of neutrons. A neutron changes into a

proton emitting an electron

210 i
o Pb——3Bis+ e

(b) Points to note;
The radioisotope needs to be named and described in detail. Safety issues
could be mentioned

Question 20

(@) (i) 2HCI + Ba(OH); — BaCl, + H,0

T: DO}<> = Uﬂm/\:

2x0.13x25 = IxCagx15.13 Ve = (I5.1+15.1+15.2)/3
= 15.13mL
Cg = 0.43 mol/L (16.4mL was discarded as
inaccurate)
. . . 0.5 -
(b) (i) Molesin0.5gofH.S0, = i = 0.0051
.005

Molarity = 29950 _ 5 ot e 107 motL

1.4
[H] = 2x3.64x10° = 7.3 x10° mol/L
pH = 2.1

(ii) To be most effective a pair of indicators selected with colour changes
either side of the above pH would be best. In this case they all change above the
2.1, so the most acceptable compromise would be to use the lowest je. methyl
orange, where a colourless solution should occur when added.

Question 21

(2) (i) When a system at equilibrium is disturbed, then the system adjusts itself so
as to minimise the change.

(i)

Solubility

Temperature increase of lake ————»

(iii) The oceans in the colder regions (poles) of the planet absorb a lot of the
excess CO; put into the atmosphere as per Le Chatelier’s principle.
Unfortunately, the oceans are warming and this is causing increases in CO,
concentration in the atmosphere both due to reduced absorption and also possible
release from the warmer water. Higher atmospheric CO; is gradually multiplying
the effect because of global warming (greenhouse effect)

(b) (i) 0.1 mol/L HCI: pH =1
0.1 mol/L H,804: pH = 0.7 (stronger acid)
The reason is H,S0, releases two H' per formula to one from HCI.

(i) HCl s fully jonised and hence a strong acid and ethanoic acid is only weakly
ionised, so does not release all the H'. This makes it a weak acid.

Question 22

(a) Points that should be noted :
The use of the correct equipment (pipettes, burettes, flasks)
Correct washing techniques
Use of standard solutions
Correct indicator choice
Trial run then two titrations
Methods in place to maintain accuracy

(b) (i) Ethanoic acid has two Oxygen atoms base on the same end of the molecule
while ethanol only has one. This means that the “hydrogen bonding” between
molecules of ethanoic acid is stronger and more energy is needed to separate
them. Hence a higher BP.
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Section II:

Options

Question 26

(a) (i) Points that could be outlined:

(b

~

L. Increasing cost of fossil fuels

2. Shrinking supply over the next few decades

3. Pollution effects on crowded citjes

4. Effect on global warming from the release of oxides of combustion

5. Leaded fuel is still being used

6. The effect of jet engine emissions on the upper atmosphere

7. Should be conserved for the long term and more valuable uses such as
construction material, plastics, medicines etc.

8. Alot of the oil is derived from politically unstable areas.

(i1) Some examples areas that could he discussed:
I, Deriving ethanol from sugar
2. The current move towards hydrogen as a fuel
3. The use of biomass fuels
Most problems centre around supply costs and degradation of the environment
due to farming practices. Also, most methods still produce CO; in the process.
Most positives may include reduced reliance on non-renewable fossil fuels and
possible increase in jobs as in the sugar can industry in Australia, Hydrogen is a
special case that combusts to water and has a high energy output. Storage and
supply may be a challenge.

(i) Xis the exothermic energy given out as the reaction proceeds in the forward
direction. It is absorbed in the reverse direction.

Y represents the activation energy needed for the bonds to be broken and the
reaction start in the forward reaction.

(ii)

Energy

(kD)

Reaction (reversed)

(1ii) First the equation needs to be balanced.

1. Anincrease in temperature will move the reaction towards the Hlg,. This is
the endothermic direction and also speeds up the reaction.

2. Decrease in pressure has no effect due to equal numbers of molecules on both
sides.

(iv) 2HI * H;, + I, conc. = 3/2.0 = 1.5 mol/l
Before: 1.5 0 0
After: 1.5-1.0 +0.5 +0.5
=05
w oo JGIEEY _
[FHIT

(c)

(d)

(e)

(i) Oxidising agent: React hot concentrated H,SO, with solid copper. The
copper is oxidised and the sulfur reduced.

Dehydrating agent:  Ethanol has the equivalent of a water molecule removed by
concentrated H,SOy4 during the formation of ethene. Sucrose is dehydrated to
carbon by concentrated H,S0, also.

(if) Concentrated H,SO, tends to have very few H,0 molecules present 1o cause
ionisation, so it tends to be partially ionised. Dilute H,80, has plenty of water so
is fully ionised, hence it is a strong acid.

(i) Basically, a membrane allows only Na' ions to pass through from the anode

solution to the cathode solution. Cly gy is removed at the anode, H; (, is removed

at the cathode and finally the NaOH solution is removed from the cathode side to
be further purified.

(ii) Possible points:

L. 1tis less complex

2. There are no pollutants like Hg or asbestos involved.
3. A very pure NaOH solution is produced.

(i) The following is one method:

I. To 15 mL of vegetable oil add 40 mL of concentrated NaOH solution.

2. Heat the mixture with care and stir until the oil disappears.

3. Allow to cool and “salt out” with 60 mL of concentrated NaCl solution.

4. Filter carefully or collect after the soap has floated to the top of the solution.

5. Safety: Use boiling chips, safety glasses and very carefully handle the
concentrated NaOH.

(ii) Soap molecules surround oil and dirt by “dissolving” one end of their
molecules in the oil. Afier agitation, the soap holds the oil in small droplets
producing a cloudy emulsion.
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