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Chemistry

Final Examination

Preliminary Course « 2003

General Instructions

Reading time — 5 minutes

Working time — 120 minutes

Write using black or blue pen

Draw diagrams using pencil
Board-approved calculators may be used
A Data Sheet and a Periodic Table

are provided at the back of this paper
Write your Student Number at the top

of this page

Student Number

Mark / 64

Total Marks — 64

Part A — 10 marks
» Attempt Questions1—10
» Allow about 10 minutes for this part

Part B — 54 marks
» Attempt Questions 11 — 23
» Allow about 110 minutes for this part



Part A — 10 marks
Attempt Questions 1-10
Allow about 10 minutesfor this part

Select the alternative A, B, C or I that best answers the question, Filt in the response oval
completely.
Sample; 254= (A 2 B) 6 ) & (> s

A (D B @ c O o O

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

~@®@ B cO DpO
If you change your mind and have crossed out what you consider to be the correct answer, thea
indicate the correct answer by writing the word correct and drawing an arrow as follows.

correck

AW 5 W c )

Answer Box for Questions 1-10
1 AO B O cCoO DO
2 AO B O cCoO DO
3 AO B O CcoO D O
4 AO B O CcoO D O
5 AO B O cCoO DO
6 AO B O CcoO D O
7 AO B O CcoO D O
8 AO B O cCoO DO
9 AO B O CcoO D O
10 AO B O CcoO D O
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» Mark your answersfor Questions1—10in the Answer Box on page 1.

1 Which is atoxic gas pollutant from the incomplete combustion of petrol in cars?

(A) ammonia

(B)  carbon monoxide
(C)  soot

(D)  carbon dioxide

2 Which diagram shows the complete dissolution of anionic solid (M*X") in water?

(A) (B)
()

® @

(©) (D)
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Which shows the correct percentage of water in the corresponding sphere?

(A)
(B)
(©
(D)

sphere per centage water

atmosphere 0.5-10%

hydrosphere 90 — 94%

lithosphere < 10%
biosphere
(living matter) 45-90%

Which statement istrue for a system undergoing an exothermic reaction?

(A)
(B)
(©)
(D)

The final energy content of the system is greater than the initial energy content.
The activation energy has a negative value.

The temperature decreases.

The AH has a negative value.

Organismsliving in an aguatic habitat experience less temperature extremes than nearby organisms
living on the land. Which factor explains the moderating effect of the water?

(A)
(B)
(©)
(D)

extensive hydrogen bonding
strong dispersion forces
high viscosity

high density

What is the mass of magnesium oxide (MgO) produced by burning 6.075 g of magnesium?

(A)
(B)
(©)
(D)

0.250g
6.075¢g
10.075¢g
40.300 ¢

What is the mass of potassium hydroxide (K OH) needed to prepare 200 mL of a0.25 mol L ~* solution?

(A)
(B)
(©
(D)

289
289
2809
2800 g
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8 The graph shows the solubilities of four solid substancesin water at different temperatures.

300

250 -

200 1 /A —m— Substance 1
150 4 /A —&— Substance 2
—i— Substance 3

A
100 X/‘/ —e— Substance 4

A
o

Solubility (g solute/100g water)

0 5 10 15 20 25 30

Temperature ( °C)

Which substance would be a covaent network solid?

(A)  Substancel
(B)  Substance 2
(C)  Substance 3
(D)  Substance 4

9 What is the number of molecules present in 22 g of CO, at 298 K and 100 kPa?

(A) 3.0x10*®
(B) 6.0x10%
(C) 12x10%
(D) 6.0x10"°

10 A dlight increase in temperature often causes a dramatic increase in the rate of a chemical reaction.
Which statement best explains this effect?

(A)  Theaverage frequency of collisions between particles increases.

(B)  The AH for the reaction decreases.

(C)  Theactivation energy islowered.

(D)  The number of molecules with energy greater than the activation energy increases.
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Part B — 54 marks
Attempt Questions 11 — 23
Allow about 110 minutesfor thispart

» Show all relevant working in questionsinvolving calculations.

Question 11 (3 marks)

The graphs show the energy changes during the course of four different situations (I —V)...

I 4 1) f
Energy Energy
products products
reactants reactants
Reaction path " Reaction path -
II v '
Energy Energy
reactants reactants
products products

Reaction path Reaction path

(8  Which graph could correspond to thereaction: NO, g — ¥Np g + Oz AH = —33.7kJmol ™2

(1 mark)
(b) Which graph could correspond to the melting of ice? (1 mark)
(© Which graph could correspond to the combustion of methane? (2 mark)
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Question 12 (4 marks)

@ Explain how fine coal dust in acoa mine can be an explosive hazard. (2 marks)

(b) Suggest one safety feature adopted by industries to avoid dust explosions. (1 mark)

(© Dinitrogen monoxide can be thermally decomposed to nitrogen and oxygen.
Thereactioniscatalysedby gold... NyO — Nag + %0y AH = —-82kJmol

326

~300.0

Catalysed reaction pathway

200.0

100.0

Relative energy {(kJ/mo
- -]
[ ]

=
=

What isthe

Time

activation energy for thereversereaction... Nz (g + Y202 — N20 (g

in the absence of the gold catalyst? (1 mark)
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Question 13 (3 marks)

A candle without a wick will not burn

A candle with a wick will burn readily

@ Identify two physical changes occurring during the burning of acandle. (2 marks)

(b) Explain why only the candle with thewick burns. (1 mark)

Question 14 (6 marks)

€)) Construct the Lewis electron dot structures for ammoniaand water. (2 marks)

Question 14 continues on page 8.

Page 7 of 17




Question 14 (continued)

(b) Describe the shape of the hydrogen sulfide molecule and explain why hydrogen sulfide has this shape.
(2 marks)

(© Draw adiagram of an ammonia molecule showing its correct shape. (1 mark)
Identify the shape. (1 mark)

Question 15 (3 marks)

@ Which of hydrogen sulfide and water has the higher boiling point? (1 mark)

(b) Explain your answer to (a). (2 marks)
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Question 16 (3 marks)

@ What property of water enables an insect to walk on water? (1 mark)

(b) Explain the nature of the property of water identified in (a) in terms of intermolecular forces. (2 marks)

Question 17 (3 marks)

Y ou have already done an experiment where you used water’ s ability to absorb heat to measure energy changes
in reactions.

@ Identify or describe the apparatus you used to perform the experiment. (1 mark)

(b) Identify one measurement required to do this experiment. (1 mark)

(© Write the equation you used to determine the amount of heat absorbed. (1 mark)
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Question 18 (5 marks)

A cargo helicopter accidentally dropped 1200 kg of chemical in a pond containing 50,000 litres of water.
When the chemical dissolved in the pond, the temperature increased.

@ How much heat was released to the water in the pond, if the water temperature in the pond increased
from 15°Ct0 21°C? (2 marks)

(b) Outline three implications (other than directly killing organisms) for aguatic life subjected to thermal
pollution. (3 marks)
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Question 19 (5 marks)

The diagram shows methane gas passing over heated copper(I1) oxide reacting to produce copper metal and
gaseous products of carbon dioxide and water vapour which leave the apparatus at A...

copper axide
B - - rnf |
methanegas in ==t ent” T gases out

€)) Write the balanced formulae equation for the reaction of copper(I1) oxide with methane (CH,).
(2 mark)

(b) If 15.9 g of copper(l1l) oxide is completely reacted, calculate the mass of copper metal formed.
(2 marks)

(c) Calculate the percentage of copper in the copper(ll) oxide sample. (1 mark)

(d) Calculate the volume of CO; produced at 25°C and 100 kPafrom 15.9 g of copper(ll) oxide. (1 mark)
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Question 20 (4 marks)

@ Legidation states that the concentration of alcohol, C;HsOH, in the blood of an experienced driver of a
motor car is not to exceed 0.05% (w/v).

Calculate the corresponding C,HsOH concentration in the blood in moles per litre. (2 marks)

(b) Identify a different measurement of concentration to that mentioned above (i.e. w/v) and describe ause
for thismeasurement. (2 marks)

Question 21 (4 marks)

@ Calculate the mass of sodium sulfate required to prepare 50.0 mL of 0.150 mol L ~* solution.
(2 mark)

(b) What volume of this solution would you need to dilute, to prepare 125 mL of 0.0500 mol L ~* solution?
(1 mark)

(© What is the concentration of the sodium ions and sulfate ions in the 0.0500 mol L ~* solution?
(2 marks)
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Question 22 (4 marks)

The table shows data for the compound hydrazine...

Composition Hydrazine is a compound of nitrogen and hydrogen

Complete combustion
of gaseous hydrazine

hydrazine g + oxygen — nitrogendioxide g + water (g
at 400 K and 100 kPa ot

10L 3. 20L 20L

@ Explain how the data for combustion illustrates Gay-Lussac’s Law of Combining Gas Volumes.
(2 mark)

(b) Determine the molecular formula of hydrazine.
Show all working. (2 marks)

(© What is the empirical formula of hydrazine? (1 mark)
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Question 23 (7 marks)

2.08 g of barium chloride was dissolved in water to make 50.0 mL of solution and then added to 50.0 mL of an
agueous solution containing 2.84 g of sodium sulfate. A white precipitate formed.

@ Write the net ionic equation for the reaction forming the precipitate. (1 mark)
» Use the solubility table below to determine the identity of the precipitate.

ANION CATION COMPOUND
All Group | metals soluble
Al Ammonium, NH," soluble
Nitrate, NO3~ All soluble
Acetate/ethanoate +
CHLCO0 - All except Ag soluble
Chloride, CI~ Ag', Pb?*, Hg,*, cu® insoluble
Bromide, Br~
lodide, | ~ All others soluble
, ca®, sr?*, Ba*, Pb*, Ag", Hg,”" insoluble
Sulfate, SO,
All others soluble
) Group | and Il metals, NH," soluble
Sulfide, S™
All others insoluble
_ Group | metals, NH,", Sr **, Ba** soluble
Hydroxide, OH ~
All others insoluble
Carbonate, CO5> Group | metals, NH," soluble
Phosphate, PO,>
Sulfite, SOz* All others insoluble

Question 23 continues on page 15
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Question 23 (continued)

(b) What is the mass of the precipitate formed? Show working. (4 marks)

(© Calculate the concentration (mol L ™) of sulfateionsin the final solution. Show working. (2 marks)

Page 150f 17 - END OF TEST



HIGHER SCHOOL CERTIFICATE EXAMIHATIOHN

Chemistry
DATA SHEET
AVOgadro CONSIANE, Ny oo i 6.022 x 107 moi™!
Volume of 1 mole ideal gas: at 100 kPa and
OCRT3I5K) i, 2271 L
at 25°C (29815 K) i 2479 L.
Tonisation constant for water at 25°C (298.15 K), K. ccovnenncricns 1.0x 1074
Specific heat capacity of water .....cocvviniiiiiiinn i A 18 X 10 Tke ' k!
Some useful formulae
pH = mlogw{ﬁ""'} AH = —-mCAT
Some standard potentials
K*+q = K 294V
Ba®™ 4 2 = Bas 23V
Calt e 2" ¥ Cals) 28TV
Na¥ +e” el Nais} - TV
Mg+ 26 = Mgpls ~236V
ALY 5 3er = Al(s) 168V
Min™t + 2¢° = Ma(s) ~Li8V
HO+¢ w1, + OH" 083V
Zatt + 22" w2 Tnls) Y
Fe** +2¢" wh o Fels) ~0.44V
Nt 4 20" @ Nifs) 024V
Sn¥t 4 2o = Ynis} 04V
PR 4 20 T Pbiy) 13V
Ho = dHig) 0OV
501 + 411* + 26" = SO laq)+ 2RO 016V
Catt + 20 w2 Culy) 034V
10,40+ H,0 + 287 = 204" 040V
Cut + ¢ = Culs) .52V
gy +e W 054V
tftagy+ ¢ = T YA
et ag I 877V
Agt e = Agls) 180V
B +e = B LRV
%Brz{aq} e w2 B LAY
048)+ 20 + 2 = HO 123V
Chgr+ ¢ s 136V
R0+ A t3e” 2 OPTHIHD 136V
ICtaqy+ ¢ = O 140V
MaO, 4+ 8H + 5 = M40 15tV
i e = F 239V

Aylwand and Findlay, § Chemical Data {5t Edition} is the principal sousce of data Tor
this examination paper. Some data may have been modified for examinulion ptrposes.
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PERIODIC TABLE OF THE ELEMENTS

1 2
H He
1.668 4083
Hydrogen KEY Heliam
3 4 Atomic Number | FO 3 6 7 3 g 10
i3 Re _ Au Symbol of ehement B C N (3} E Ne
0.941 9.012 Adomic Weight _ 197.0 1G.81 12.01 14.01 16.00 1960 2618
Lithiem Beryhivm Chaled i Mams of slemem Boron Carboni Nitrogen Oxygen Flupting Neon
11 12 13 14 15 16 17 18
Na Mg Al Si p S Cl Ar
2299 2431 2698 28,09 3097 327 3545 3895
Sodinm Magnesinm: Aluminivem Sifwan Phosphorus Sulfur Chiorine Argon
19 26 21 22 23 24 25 26 27 28 25 30 31 32 33 34 35 36
X Ca Sc Ti v Cr Mn Fe Ce Ni Cu Zn Ga Ge As Se Br Kr
39.10 | 40.08 44.96 47.87 50. 52.00 54.94 55.85 38.93 58.69 63.35 65.39 69.72 72.61 1492 78.56 79.9G £3.80
Potasstam Calicivm Seandinnr Tiesntum Vanahi 1 i M Sron Cobal Nicket Copper Zine Cradfivm Crerrranine: Arseaic Selenimn Bromine ¥ryplen
37 38 39 40 41 42 43 44 43 46 47 48 49 S50 51 52 53 54
Rb Sr Y Zr Nb Me Te Ru Rh Pd Ag Cd in Sa Sb Te I Xe
B547 87.62 88.91 91.22 92.93 9504 | 98911 | 10i1 1029 106.4 79 1124 134.8 P87 1218 12718 1269 i3i13
Tuhidite Seroninem Yitriure Fireonitie Wiohizm Molybdenum | Technelivm | Ruthenium Rhotiam Falladim Silver Cadmivm Indizm T Antieniny Telburiten Iodine Xenon
58 36 57-71 72 73 14 15 76 7T 78 79 hiH 81 82 83 34 &3 86
Cs Ba 1f Ta W Re Os ir Py Au Hg Tl Fh Bi Po At Rn
132.9 137.3 178.5 18G9 1838 186.2 1992 192.2 195.% 1970 2006 204 4 072 090 1 [2108] | [21001 § 1222.0]
Caesium Bariun Lanthanides Hafnivm Tantabun Tungsscn T Osmium Fidiem Platinuem Gold Mereury TFhaltitra Lo Bisrith Polorii Astatine Radon
87 88 B9--103 104 105 106 107 108 109 116 111 112 113 114 115 116 17 118
Fr Ra Rf |33 Seg Bh Hs Mt Hen Thiu UVub Vg Thih Tuo
[223.G1 | [226.0% £261.31 | [262.1} | {263.1] | [264.1] | [265.1] | {268] e e e e s e
Francium Radivm Actinid mﬁ 3] 1 Truhok bergi Brhriitm Hassin Meitmerivm | fnumnifivm | Dlosnunieen Unisshisien i Umnguadiam | B Eranziexivm ottt
Lanthanides
57 3R 59 60 o} 62 63 64 65 &6 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Y Lu
138.5 140.1 1409 442 {14691 | 1504 1520 1573 1589 162.5 164.9 1613 168.9 173.0 1750
 anthsnim Ceriem $urm Neodymi b i : Huropi Gagolini TFerbiem  : Dysprosium Hohmizm Erbiam Thuliem ¥ eterbium Lbterivee
Actinides
89 | 90 91 92 93 94 85 S8 97 98 99 100 41 02 03
Ac Th Pa U Np Pu Am Cm Bk i Es Fm Md Na Lr
[227.01§ 2320 230 2386 | [237.0] | {23917 | 24101 | 244,17 | 124903 1 1252.10 | [252.1) | {257.1] | 1258.1] § [259.1) | {262.1}
Actinium “Fhoriing Priwactsiin Uraniwm Meptani Pl i A 3o {urum Berketinsm Californivm | Eipsteinian Ferinitem Ihrndelevitm Nobclinm Lawmeinem

Wherte the atornic weight is not known, the relalive atomic mass of the most common radioactive isotope is shown in brackeis.

The atomic weights of No and Tc are given for the isotopes ¥/ Np and "¢,
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Chemistry

Final Examination

Preliminary Course ¢ 2003

General Instructions

Reading time — 5 minutes

Working time — 120 minutes

Write using black or blue pen

Draw diagrams using pencil
Board-approved calculators may be used
A data sheet and a Periodic Table

are provided at the back of this paper
Write your Student Number at the top

of this page

ANSWERS
and
MARKING SCHEME

Total Marks — 64

Part A — 10 marks
» Attempt Questions1—10
» Allow about 10 minutes for this part

Part B — 54 marks
» Attempt Questions 11 — 23
» Allow about 110 minutes for this part



Part A — 10 marks
Attempt Questions 1-10
Allow about 10 minutesfor thispart

Select the alternative A, B, C or I that best answers the question, Filt in the response oval
completely.
Sample; 254= (A 2 B) 6 ) & (> s

A (D B @ c O o O

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

~A® ¥ cO DpO
If you change your mind and have crossed out what you consider to be the correct answer, thea
indicate the correct answer by writing the word correct and drawing an arrow as follows.

correck

AW 5 W c )

Answer Box for Questions 1 -10
1 A O B ® CcCO D O
2 A O B O Co® D O
3 AO B O C® DO
4 A O B O CcCO D ®
5 A©® B O CcCO D O
6 AO B O C® DO
7 A©® B O CcCO D O
8 A O B ® CcCO D O
9 AO® B O CO DO
10 A O B O CcCO D ®
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» Mark your answersfor Questions1—10in the Answer Box on page 1.

1 Which is atoxic gas pollutant from the incomplete combustion of petrol in cars?

(A) ammonia

(B)  carbon monoxide
(C)  soot

(D)  carbon dioxide

2 Which diagram shows the complete dissolution of anionic solid (M*X") in water?

(A) (B)
()

® @

(©) (D)
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Which shows the correct percentage of water in the corresponding sphere?

(A)
(B)
(©
(D)

sphere per centage water

atmosphere 0.5-10%

hydrosphere 90 — 94%

lithosphere < 10%
biosphere
(living matter) 45-90%

Which statement istrue for a system undergoing an exothermic reaction?

(A)
(B)
(©)
(D)

The final energy content of the system is greater than the initial energy content.
The activation energy has a negative value.

The temperature decreases.

The AH has a negative value.

Organismsliving in an aguatic habitat experience less temperature extremes than nearby organisms
living on the land. Which factor explains the moderating effect of the water?

(A)
(B)
(©)
(D)

extensive hydrogen bonding
strong dispersion forces
high viscosity

high density

What is the mass of magnesium oxide (MgO) produced by burning 6.075 g of magnesium?

(A)
(B)
(©)
(D)

0.250g
6.075¢g
10.075¢g
40.300 ¢

What is the mass of potassium hydroxide (K OH) needed to prepare 200 mL of a0.25 mol L ~* solution?

(A)
(B)
(©
(D)

289
289
2809
2800 g

Page 3 of 17



8 The graph shows the solubilities of four solid substancesin water at different temperatures.

300

250 -

200 1 /A —m— Substance 1
150 4 /A —&— Substance 2
—i— Substance 3

A
100 X/‘/ —e— Substance 4

A
o

Solubility (g solute/100g water)

0 5 10 15 20 25 30

Temperature ( °C)

Which substance would be a covaent network solid?

(A)  Substancel
(B)  Substance 2
(C)  Substance 3
(D)  Substance 4

9 What is the number of molecules present in 22 g of CO, at 298 K and 100 kPa?

(A) 3.0x10*®
(B) 6.0x10%
(C) 12x10%
(D) 6.0x10"°

10 A dlight increase in temperature often causes a dramatic increase in the rate of a chemical reaction.
Which statement best explains this effect?

(A)  Theaverage frequency of collisions between particles increases.

(B)  The AH for the reaction decreases.

(C)  Theactivation energy islowered.

(D)  The number of molecules with energy greater than the activation energy increases.
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Part B — 54 marks
Attempt Questions 11 — 23
Allow about 110 minutesfor thispart

» Show all relevant working in questionsinvolving calculations.

Question 11 o/Cc - P7 (3 marks)

The graphs show the energy changes during the course of four hypothetical reactions or processes (I —1V)...

I 4 1) f
Energy Energy
products products
reactants reactants
Reaction path " Reaction path -
II v '
Energy Energy
reactants reactants
products products
Reaction path Reaction path

(8  Which graph could correspond to the reaction: NO, g — %N, g + Oz AH = —33.7kJmol ™2

Graph IV (1 mark)

(b) Which graph could correspond to the melting of ice?  Graph 1l (1 mark)

(c) Which graph could correspond to the combustion of methane? Graph Iv (1 mark)

Page 5 of 14



Question 12 (4 marks)

@ Explain how fine coal dust in acoa mine can be an explosive hazard. o/C — P4 (2 marks)

The total surface area of the particles is large (1 mark) and each particle has a ready supply of oxygen
available. As the reaction is exothermic (1 mark), heat released supplies the activation energy
to hasten further reactions and an explosion ensues.

(b) Suggest one safety feature adopted by industries to avoid dust explosions. ©O/C - P4 (1 mark)

Ensuring there is no build-up of fine flammable particles by well-ventilating the worksite.

(c) Dinitrogen monoxide can be thermally decomposed to nitrogen and oxygen.
Thereactioniscatalysed by gold... N,Og — Nag + ¥%O» AH = —-82kImol *

326
300.0

Catalysed reaction pathway

200.0

100.0

- -]
[ =]

Relative energy {(kJ/mal)

=
=

Time

What isthe activation energy for the reversereaction... Nz + Y202 — N20 (g
in the absence of the gold catalyst? o/C — P7,14 (1 mark)

326 kJ
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Question 13 o/C — P7 (3 marks)

A candle without a wick will not burn A candle with a wick will burn readily

@ Identify two physical changes occurring during the burning of acandle. (2 marks)

Melting or fusion or solid — liquid

Vaporisation or liquid — gas

(b) Explain why only the candle with thewick burns. (1 mark)

Wax cannot burn directly as a solid. A burning wick provides heat to melt and vapourise the wax which

can then be fed up the wick (by capillary action) to sustain the flame and hence continue the combustion

process.

Question 14 (6 marks)

@ Construct the Lewis electron dot structures for ammoniaand water. O/C - P7 (2 marks)

HS$NZSH
o HS$OSH
H (1]

Page 7 of 14



Question 14 (continued)

(b)

(©)

Describe the shape of the hydrogen sulfide molecule and explain why hydrogen sulfide has this shape.
o/C — P14 (2marks)

Hydrogen sulfide is a bent molecule (1 mark) due to the central sulfur atom having

two lone (non-bonding) pairs of electrons. This causes repulsion of the covalent bonds (1 mark).

P The four pairs of electrons around the central sulfur atom will automatically orientate towards
maximum repulsion resulting in a tetrahedral placement in 3D space.

However, the shape of a molecule is determined by the placement of the bonded atoms,

.= in this case, bent.

Draw adiagram of an ammonia molecule showing its correct shape. (1 mark) o/C - P14

Identify the shape. (1 mark)

Diagram (1 mark

N. g ( )
/ "/// Ammonia is a trigonal pyramid (1 mark)
H H H » ‘pyramidal’ accepted as per Smith text

Question 15 (3 marks)

@

(b)

Which of hydrogen sulfide and water has the higher boiling point? o/C — P14 (1 mark)

Water has the higher boiling point.

Explain your answer to (a). O/C — P14 (2 marks)

Water forms two hydrogen bonds per molecule.

Hydrogen bonding is the strongest intermolecular force. (1 mark)

Hydrogen sulfide, however, has dipole—dipole forces (and dispersion forces).

These are not as strong as hydrogen bonding. (1 mark)

Page 8 of 14



Question 16 (3 marks)

@ What property of water enables an insect to walk on water? o/C - P14 (1 mark)

Surface tension

(b) Explain the nature of the property of water identified in (a) in terms of intermolecular forces.
o/C — P7 (2 marks)

Water molecules at the surface form hydrogen bonding only with water molecules that are adjacent and
below. There are no molecules (or attractions) from above. (1 mark)
These unbalanced forces on surface molecules result in a downward or inward force acting on surface

molecules, .. surface tension. (1 mark)

Question 17 o/C - P4,7 (3 marks)

Y ou have aready done an experiment where you used water’s ability to absorb heat to measure energy changes
in reactions.

@ Identify or describe the apparatus you used to perform the experiment. (1 mark)

Calorimeter or plastic foam cup + thermometer

(b) Identify one measurement required to do this experiment. (1 mark)

* Mass/volume of water/solution in the calorimeter.
e Changein temperature of the water/solution in the calorimeter.
» Mass of reagent involved in the reaction.

» Any one of the above.

(© Write the equation you used to determine the amount of heat absorbed. (1 mark)

e g =mCAT
e AH = —mCAT
e AH = mCAT

» Any one of the above.

Page 9 of 14



Question 18 o©/C - P4,7,10,16 (5 marks)

A cargo helicopter accidentally dropped 1200 kg of chemical in a pond containing 50,000 litres of water.
When the chemical dissolved in the pond, the temperature increased.

@

(b)

How much heat was released to the water in the pond, if the water temperature in the pond increased
from 15°Ct0 21°C? (2 marks)

g = mCAT = 50,000kg x 4.18x 10°J kg " K ™ x (21°C — 15°C) = 1.254x 10°J = 1.3 x 10°kJ

Consistent use of units = 1 mark

Correct calculation = 1 mark

Outline three implications (other than directly killing organisms) for aguatic life subjected to thermal
pollution. (3 marks)

e Less dissolved oxygen causing stress to organism

 Increased metabolic rates which increases the demand for oxygen and so aggravates the low dissolved

oxygen problem
» Fish eggs do not develop or hatch if temperature is too high

» False temperature cues are given to aquatic life,

~. setting of migration and spawning at the wrong times of the year.
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Question 19 o/C - P10,13,14 (5 marks)

The diagram shows methane gas passing over heated copper(I1) oxide reacting to produce copper metal and
gaseous products of carbon dioxide & water vapour which leave the apparatus at A...

copper axide
/ mA—ﬁ—
methane gas in == aTEIRS WA gaces out

€)) Write the balanced formulae equation for the reaction of copper(I1) oxide with methane (CH,).
(2 mark)

2CUO(S) + CH, @ CO, @ t 2H,0 @ *t 2Cu (s)

(b) If 15.9 g of copper(ll) oxide is reacted completely, calculate the mass of copper metal formed.

(2 marks)

moles CuO = n =m + M = 1599 + 79.55¢ mol ™ = 0.200 mole (1 mark)
moles CuO = moles Cu
massCu = m =n x M = 0.200mol x 63.55¢g mol * = 12.7g9 (1 mark)

(© Calculate the percentage of copper in the copper(ll) oxide sample. (1 mark)

Cu% = mass Cu + mass CuO x 100 = 12.7g + 1599 x 100 = 79.9%

(d) Calculate the volume of CO, produced at 25 °C and 100 kPafrom 15.9 g of copper(ll) oxide. (1 mark)

moles CO, = ¥>moles CuO = % x 0.200 mol = _0.100 mol

Volume CO, = moles x molar volume = 0.100 mol x 24.79 L mol ™ = 248 L

Page 11 of 14



Question 20 o/C - P13 (4 marks)

@

(b)

Legidation states that the conncentration of alcohol, C;HsOH, in the blood of an experienced driver of a
motor car is not to exceed 0.05% (w/v).

Calculate the corresponding C,HsOH concentration in the blood in moles per litre. (2 marks)
0.05% (w/v) = 0.059g/100 mL (1 mark)

moles ethanol = 0.05g + 46.068 g/mol = 1.085 x 10 mol

. [CoHsOH] = 1.085x 10°mol + 0.100L = 0.0l mol L™ (1 mark)

Identify a different measurement of concentration to those mentioned above (i.e. w/v) and describe a
use for thismeasurement. (2 marks)

ppm (or ppb, viv, w/iw) (1 mark)

ppm is a convenient unit for measuring concentrations of pollutants, e.g. lead ions in waterways.
(1 mark)

Question 21 oO/C - P10,14 (4 marks)

@

(b)

(©)

Calculate the mass of sodium sulfate required to prepare 50.0 mL of 0.150 mol L ~* solution.
(2 mark)

mol of Na,SO, = 0.15molL * x 50x 10°L = 0.0075 mol

mass of Na,SO, = 0.0075 mol x 142.05g/mol = 1.065 = _1.07 ¢

What volume of this solution would you need to dilute, to prepare 125 mL of 0.0500 mol L ~* solution?
(1 mark)

CiVi = CoVol Vi = CoVp + C; = 0.0500molL ™ x 0.125L + 0.150 molL ™ = 0.0417L = 41.7mL

What is the concentration of the sodium ions and sulfate ions in the 0.0500 mol L ~ solution?
(2 marks)

Na;SOs sy — 2Na’ ag) + S04 (ag)

[Na'] = 0.0500 mol L " x 2 = 0.100molL ™ (1 mark)
[SO,*] = _0.0500 mol L ™ (1 mark)
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Question 22 oO/C - P1,2,13 (4 marks)

The table shows data for the compound hydrazine...

Composition Hydrazine is a compound of nitrogen and hydrogen

Complete combustion
of gaseous hydrazine

hydrazine g + oxygen — nitrogendioxide g + water (g
at 400 K and 100 kPa ot

10L 3. 20L 20L

@ Explain how the data for combustion illustrates Gay-Lussac’s Law of Combining Gas Volumes.
(2 mark)

The gas volumes are in simple whole number ratios.

(b) Determine the molecular formula of hydrazine.
Show al working. (2 marks)

NiHy @ + 302 — 2NOz ) + 2H,0 g (1 mark)

X =2y =4
*. NoH; (1 mark)

(© What is the empirical formula of hydrazine? (1 mark)

NH, (1 mark)
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Question 23 oO/C - P10,13,14 (7 marks)

2.08 g of barium chloride was dissolved in water to make 50.0 mL of solution and then added to 50.0 mL of an
agueous solution containing 2.84 g of sodium sulfate. A white precipitate formed.

@ Write the net ionic equation for the reaction forming the precipitate. (1 mark)

Ba® + SO,° — BaSO,

(b) What is the mass of the precipitate formed? Show working. (4 marks)

moles Ba** = moles BaCl, = 2.08 g + 208.2 g/mol = 0.00999 or 0.0100 mol (1 mark)

moles SO,> = moles of Na,SO, = 2.84g + 142.05 g/mol = 0.0200 mol (1 mark)
~. moles BaSO, ppt. = 0.0100 mol (1 mark)

mass BaSO, = 0.0100 mol x 233.37 g/mol = 2.33g (1 mark)

(© Calculate the concentration (mol L ) of sulfateionsin the final solution. Show working. (2 marks)

moles SO,” excess remaining in solution = 0.0100 mol (1 mark)

[SO,*] = 0.0100 mol + 0.100L = 0.100 mol L™ (1 mark)
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