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SECTION I: MULTIPLE CHOICE

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 Sodium undergoes rapid corrosion. Which of the following will increase the rate of
the corrosion of sodium?
A) Storing it in oil

B) Storing in the fridge

Increasing the surface area of the sodium

Storing it in a nitrogen atmosphere

The following table gives information about the protons and neutrons found in four atoms.
Use this information to answer questions 2 to 4.

protons neutrons
W 10 10
X 11 12
Y 12 11
Z 11 11

2 Which pair are isotopes?

(A) Xand Z
(B) XandY
©) Y and Z
(D) W and Z

3 Which atom/s are likely to form cations?

(A) X only

(B) Xand Y only
(@) Y and Z only
(D) X,Yand Z

4 Which atoms are most likely to be unstable and undergo radioactive decay?

(A) Xand Z
(B) XandY
© Y and Z
(D) Wand Z

Page 3



Sydney Grammar School Form V Chemistry 2022 Annual Examination

5 A transition metal ion X** has the electronic configuration [Ar]3d*. What is the atomic
number of element X?

@A 22
B) 24
©) 25
D) 27

6  Which of the following contains the lowest concentration of sodium ions?

(A) 0.20 M NazCsHsO-
(B) 0.35 M Na,COs
(©) 0.50 M NaCl

(D) 0.65 M NaBr

7 The volume of a gas measured at 27°C and 100 kPa is 20.0 L. What final
temperature would be required to increase the volume to 40.0 L at 100 kPa?

A 54°C
(B)  300°C
(C)  327°C
(D)  600°C

8 Two elements X and Y have the following successive ionisation energies

lonisation energy (kJmol™)
1st 2nd 3rd 4th 5th 6th 7th
X 1011 1900 2910 4960 6270 21300 | 25400
Y 737 1250 7730 10500 13600 18000 | 21700

Which is the most likely formula for the compound that forms between X and Y?

A XaYs
B)  XaY
©)  YX
D)  YoXe
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concentration

concentration

9 Which graph best represents the change in concentration of products over time for a
reaction as it goes to completion?
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10 Which of the following molecules contains polar bonds but is not a polar molecule?

A

(
(
(

A)

B)

C
D

)
)

NH;
SO.
CCly
PCls

11 Which of the following contains molecules that exhibit dispersion forces only?

A

(
(
(

A)

B)

C
D

)
)

Carbon dioxide, chlorine gas, methane
Fluorine gas, methane, water
Ammonia, carbon dioxide, hydrochloric acid

Carbon monoxide, hydrogen disulfide, silicon dioxide
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12 What would happen to the pressure of a given mass of gas when its absolute
temperature and volume are both doubled?
(A) Increase by a factor of 2
(B) Decrease by a factor of 2
©) Stay the same
(D)

D Cannot tell from the information provided.

13 How many hydrogen atoms are present in 10.0 g of ammonium sulfate?

A)  4.56 x 102
B) 9.1 x 102
C)  1.82 x 10%
(D)  3.65x 10%

14 3.0 g of magnesium was added to excess 1.10 mol L™ hydrochloric acid.

What is the mass of the gas produced?

A 012g
(B) 0.25g
©) 2.22g
(D) 5.43g

15 A brand of fertiliser states that its phosphate content is 23% by mass.

A boy wanted to check if this statement was true. He completely dissolved 2.5 g
of the fertiliser in water and then reacted it with excess Al(NOs)s.

What is the expected mass of precipitate that would be formed?

A) 0164
(B) 0.74g
© 1.07g
D) 3.21g
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SECTION II: 65 marks

Attempt ALL Questions
Write your answer in the space provided. CANDIDATE NUMBER

Question 16 (2 marks) Marks

Give the full electron configuration for the following:

(ii) Ca** 1

Question 17 (2 marks)

Write a balanced chemical equation for each of the following chemical reactions;

(i) Potassium metal reacting with chlorine gas. 1

(ii) Sodium hydrogen carbonate reacting with nitric acid. 1
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Question 18 (4 marks) Marks

The graph shows the melting points of elements in period 3 of the Periodic table.

1800 .
Si
16001
14004
12001

melting point 1000 Mg
K Al
8001
600 -
4004 Na S

200 Cl

O T T T T T T
10 1 12 13 14 15 16 17 18 19

atomic number

(@) Explain why magnesium has a higher melting point than sodium.

(b) Explain why argon has a lower melting point than chlorine.
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Question 19 (5 marks) Marks

During an experiment, 3.80 g of solid sodium hydroxide was added to 150.0 g of water with
an initial temperature of 23.5°C. After the solid completely dissolved, the final temperature
of the solution was 28.0°C.

(@) Calculate the molar enthalpy of solution for sodium hydroxide (in kJ mol™). 4

(b) The theoretical molar enthalpy of solution is -44.5 kJ mol™. Provide a reason for the 1
difference between the theoretical and experimental values.

Page 9



Sydney Grammar School Form V Chemistry 2022 Annual Examination

Question 20 (5 marks) Marks

(@  Aqueous XO.* ions form a precipitate with agueous silver ions, Ag*. Write a 1
balanced equation for the reaction, including state symbols.

(b)  When 41.17 mL of a solution of aqueous silver ions with a concentration of
0.2040 mol L is added to a solution of excess XOs* ions, 1.172 g of the
precipitate is formed.

(i) Calculate the amount (in moles) of Ag* ions used in the reaction. 1
(ii) Calculate the amount (in moles) of precipitate formed. 1
(iif) Calculate the molar mass of the precipitate. 1
(iv) Determine the relative atomic mass of X and identify the element. 1
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CANDIDATE NUMBER

Question 21 (6 marks) Marks

Below are some properties of aluminium fluoride and aluminium bromide.

Melting point (°C) | Conductivity in liquid state

AlF; 1265 High
AlBr; 98 low
(i) Classify each compound as ionic or covalent molecular. Justify and explain your 4

answer using information from the table.

(ii) Explain, referring to relative electronegativities, the differences in bonding seen for 2
these two aluminium halides.

Page 11



Sydney Grammar School Form V Chemistry 2022 Annual Examination

Question 22 (5 marks) Marks

Methanol, CHsOH(g) can be produced by the reaction between carbon dioxide and
hydrogen.

COx(g) + 3 Hx(g) — CHsOH(g) + H20(g)

The table below gives the enthalpy of formation and entropy data for the substances
involved in the reaction.

COx(g) Ho(9) CHs;OH(g) H20(g)
AH / kJ mol -394 0 -201 -242
S/JK'mol' 214 131 238 189

(i) Calculate the Gibbs free-energy change, AG, in kJ mol™, for this reaction at 298 K to 4
show that this reaction will not be spontaneous at this temperature.

(ii) Show that the reaction becomes spontaneous at 272 K. 1
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Question 23 (5 marks) Marks

(i) List the following covalent molecular substances in order of increasing boiling 1
point (lowest first).

C:Hs CHsOH  CHsF

(ii) Explain the order of boiling points in (i). 4
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Question 24 (8 marks)

Hydrazine, NoH4, is an inorganic compound found in some rocket fuel.

(@) Hydrazine is described as having a covalent molecular structure.

(i) Describe what is meant by the terms covalent and molecular in this context.
(ii) Draw a Lewis dot diagram/structure for hydrazine.
(iif) Identify the electron pair geometry around one of the nitrogen atoms.

Marks
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(b) Gaseous hydrazine undergoes combustion to produce nitrogen gas and water. Marks
The standard enthalpy of combustion, AcH®, for this process is -623 kJ mol™.

(i) Write a balanced chemical reaction for this process 1

(i) Draw an energy profile diagram for this reaction, including labels for AH®, and 2
activation energy, Ea

enthalpy

progress of reaction
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Question 25 (3 marks)

The successive ionisation energies for element X are shown in the graph below.

30000
/.
25000
/ i
20000
Y
lonisation 15000
energy )
/kJ mol~* 10000 /
5000 /
—
0 —
0 1 2 3 4 5 6 7 8 9

Number of ionisation

Explain the shape of the graph and suggest an element that this graph could represent.
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Question 26 (3 marks)

A student performs an experiment to determine the formula mass of compound A using the
apparatus shown below. The student injects a liquid sample of compound A from a fine needle
syringe into a gas syringe in an oven. At the temperature of the oven, liquid A vaporises.

Heated oven

\

Fine needle \
syringe

=

\

\

S0 LI DL L L L L L L L

Gas syringe

The table shows the student’s results.

Mass of fine needle syringe before injecting 11.295 g

Mass of fine needle syringe after injecting 10.835 g

Volume of gas syringe before injecting 0.0 mL

Volume of gas syringe after injecting 178.0 mL

Pressure of gas in gas syringe 100 kPa

Temperature 120°C

Calculate the formula mass of compound A to 3 significant figures.
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Question 27 (4 marks)

An Airbus A320 plane, in need of maintenance, is located in a hangar at Sydney airport. As
part of the maintenance, its two engines are run at the same time in the idle power position
for 15 minutes. Due to a malfunction, instead of producing carbon dioxide, all engines are
producing carbon monoxide according to the following incomplete combustion chemical
equation:

C12H25(|) + %Og(g) — 1200(9) + 13H20(|)

The NSW Government has determined that exposure to carbon monoxide levels above
25.0 yg L' is dangerous.

A total of 200.0 kg of C12H26 was combusted in the hangar. The volume of the hanger is
2.00 x 10™ L.

Determine if the level of carbon monoxide produced in the hangar would be dangerous. Use
relevant calculations to support your answer.
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CANDIDATE NUMBER

Question 28 (5 marks) Marks
Crocetin consists of the elements carbon, hydrogen and oxygen.

(i) Determine the empirical formula of crocetin, if 1.00 g of crocetin forms 2.68 g of 4
carbon dioxide and 0.657 g of water when it undergoes complete combustion.

(ii) Determine the molecular formula of crocetin given that 0.300 mole of crocetin has a 1
mass of 98.5 g.
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Question 29 (4 marks)

Ethane, C:He(g), can be represented by the following structural diagram.

T
H—C—C—H
H H

The enthalpy of formation of ethane, AiH, can be represented by the equation:
2 C(s) + 3 Hz(g) — C2He(9)
Given the following data, calculate the enthalpy of formation of ethane.
C(s) — C(g) AH = 715 kJ mol™
Bond enthalpy (C-C) AH = 348 kJ mol™

Bond enthalpy (C-H) AH = 413 kdJ mol™
Bond enthalpy (H-H) AH = 436 kJ mol™
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Question 30 (4 marks)

An equimolar mixture of two alkali metals with a combined mass of 59.87 g was burned in
oxygen. The volume of oxygen used at 25°C and 100 kPa was 6.842 L. Identify the two
metals, showing all working.
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Chemistry

FORMULAE SHEET

m n
= — c=—
MM %

g = mCAT AG® = AH® — TAS®

n PV = nRT
pH = —loglo[HJr}

1
PK, = —log,o[K,] A=glc= long"

Avogadro constant, Ny ..o 6.022 x 10% mol™
Volume of 1 mole ideal gas: at 100 kPa and

at 0°C (273.15K) oo, 2271 L

at 25°C (298.15K) cocveveieeenen. 2479 L
(GAS CONSLANT «vvvieieieieeeeeie et e e et et ee e et e eate e sse e e be e e e e smeeseeeeneeeeees 8.314 J mol™' K™!
Ionisation constant for water at 25°C (298.15 K), K| ..o 1.0x 107
Specific heat capacity of Water .........cocceeviieiiiniieiiiiencecee e 4.18 x 10°J kgfl K

DATA SHEET

Solubility constants at 25°C

Compound K, Compound K,
Barium carbonate 2.58 x 107~ Lead(Il) bromide 6.60 x 1076
Barium hydroxide 255% 107 Lead(II) chloride 1.70 x 107
Barium phosphate 13x 107 Lead(IT) iodide 9.8 x 107
Barium sulfate 1.08 x 10710 Lead(Il) carbonate 7.40 x 10714
Calcium carbonate 3.36 x 107 Lead(II) hydroxide 1.43 x 10713
Calcium hydroxide 5.02 x 107° Lead(II) phosphate 8.0x 1074
Calcium phosphate 2.07 x 107° Lead(Il) sulfate 2.53 % 1078
Calcium sulfate 4.93 x 107 Magnesium carbonate ~ 6.82 X 1076
Copper(Il) carbonate 1.4 x 10710 Magnesium hydroxide  5.61 X 10712
Copper(IT) hydroxide 22x 1072 Magnesium phosphate  1.04 x 1072
Copper(II) phosphate 1.40 x 1077 Silver bromide 535 % 10713
Iron(Il) carbonate 3.13 x 1071 Silver chloride 1.77 x 10710
Iron(II) hydroxide 4.87 x 107" Silver carbonate 8.46 x 10712
Iron(III) hydroxide 279 x 107 Silver hydroxide 20x 1078
Iron(I1I) phosphate 9.91 x 107'® Silver iodide 8.52 x 1077
Silver phosphate 8.89 x 107"
Silver sulfate 1.20 x 107

Aylward and Findlay, SI Chemical Data (S5th Edition) is the principal source of data for
this examination paper. Some data may have been modified for examination purposes.
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Some standard potentials

H* +e”

SO, +4H" + 2¢”
Cu®* + 2¢”

20,(g) + H,0 + 2¢”
Cut + ¢

IL(s) + €

%Iz(aq) +e

Fe** + e

Agt+e

IBr, (1) + ¢
%Brz(aq) +e”
%Oz(g) +2H" + 2¢e”
ICl(g) +e
1Cr,0,% + TH' + 3¢
1Cly(ag) + e
MnQ,” + 8H" + 5e”
JE(g) +¢€

{1 1P 1 (A

L 2 s P N O

K(s)

Ba(s)

Ca(s)

Na(s)

Mg(s)

Al(s)

Mn(s)

IH,(g) + OH"
Zn(s)

Fe(s)

Ni(s)

Sn(s)

Pb(s)

7H(8)
SO,(ag) + 2H,0
Cu(s)

20H"

Cu(s)

-

-

Fez+

Ag(s)

B

B

H,0

cr

Cr’* + IH,0
CI-

Mn?* + 4H,0

294V
291V
287V
271V
236V
~1.68V
~LI8V
~0.83V
~0.76 V
~0.44V
~0.24V
~0.14V
~0.13V
0.00 V
0.16 V
0.34 V
0.40 V
0.52V
0.54 V
0.62 V
077V
0.80 V
1.08 V
110V
123V
1.36 V
1.36 V
1.40 V
151V
2.89 V
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SECTION I: MULTIPLE CHOICE

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 Sodium undergoes rapid corrosion. Which of the following will increase the rate of
the corrosion of sodium?

(A) Storing it in oil

—

B) Storing in the fridge
(&)} Increasing the surface area of the sodium
D) Storing it in a nitrogen atmosphere

The following table gives information about the protons and neutrons found in four atoms.
Use this information to answer questions 2 to 4.

protons neutrons
W 10 10
X 11 12
N 12 11
Y4 11 11

2 Which pair are isotopes?

(A) XandZ
(B) XandY
(© YandZ
O) WandZ

3 Which atom/s are likely to form cations?

(A) X only

(B) XandY only
(@] Y and Z only
(D) X,Yand Z

4 Which atoms are most likely to be unstable and undergo radioactive decay?

(A) XandZ

(B) XandY R Botn a:&"DEA a"H/vdjl,
(C) YandZ (e)is +la correl ans S
(D) WandZ
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5 Atransition metal ion X** has the electronic configuration [Ar]3d*. What is the atomic
number of element X?

(A)
(B)
©)
D)

(A)
(B)
©)
(D)

22
24
25
27

0.20 M NasCeHsO,
0.35 M Na,CO;
0.50 M NaCl

0.65 M NaBr

Which of the following contains the lowest concentration of sodium ions?

7 The volume of a gas measured at 27°C and 100 kPa is 20.0 L. What final

temperature would be required to increase the volume to 40.0 L at 100 kPa?

54°C

300°C
327°C
600°C

8 Two elements X and Y have the following successive ionisation energies

lonisation energy (kJmol™)

f—

1 st 2nd 3rd 4th Sth 6th 7th
X 1011 1900 2910 4960 6270 21300 | 25400
Y 737 1250 7730 10500 13600 18000 | 21700

Which is the most likely formula for the compound that forms between X and Y?

(A)
(B)
©)
(D)

X3Y2
X3Y
YoX
YaXs

Page 4




Sydney Grammar School Form V Chemistry 2022 Annual Examination

concentration

concentration

9 Which graph best represents the change in concentration of products over time for a
reaction as it goes to completion?

A) (B)
| =
.0
©
1=
Q
e
8
time time
(©) (D)
/// ‘*%
e £ _
g =
§ i
O ; /
&

time time

10 Which of the following molecules contains polar bonds but is not a polar molecule?

A) NH,
B) SO
(C)  CCls
(D) PCl

11 Which of the following contains molecules that exhibit dispersion forces only?

(A) Carbon dioxide, chlorine gas, methane

(B) Fluorine gas, methane, water

(© Ammonia, carbon dioxide, hydrochloric acid

(D) Carbon monoxide, hydrogen disulfide, silicon dioxide
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12 What would happen to the pressure of a given mass of gas when its absolute

13

14

15

temperature and volume are both doubled?

(A Increase by a factor of 2
( Decrease by a factor of 2
C) Stay the same
(

D) Cannot tell from the information provided.

How many hydrogen atoms are present in 10.0 g of ammonium sulfate?

(A)  4.56 x 102
B)  9.11x 102
©  1.82x10%
(D)  3.65x 10%

—_—

3.0 g of magnesium was added to excess 1.10 mol L™ hydrochloric acid.

What is the mass of the gas produced?

A) 012g
(B) 0.25¢
€ 222¢
(D) 543¢g

A brand of fertiliser states that its phosphate content is 23% by mass.

A boy wanted to check if this statement was true. He completely dissolved 2.5 g
of the fertiliser in water and then reacted it with excess Al(NOs)s.

What is the expected mass of precipitate that would be formed?

A 016g
(B) 0.74g
© 1.07g
D) 321g
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SECTION II: 65 marks CR1B (%)
Attempt ALL Questions CANDIDATE NUMBER

Write your answer in the space provided.

Question 16 (2 marks) Marks

Give the full electron configuration for the following:

38 3fL s

2
(525 2p ,
(i) Ca?* 1

6

15° 25" zp‘ 3% 3p
|

Question 17 (2 marks)

Write a balanced chemical equation for each of the following chemical reactions;

(i) Potassium metal reacting with chlorine gas. 1

2 Kl + (4, (9) — 2 KL (=
-sféftﬁ I’e?w/éa( for the rark

(ii) Sodium hydrogen carbonate reacting with nitric acid. 1
NaHCO, (=) + Hnofaq) =2 NaNJ  +
ovr 34
(Y
(a9)

oW+ &,Q)
s states requwved For the vavk.

Page 7



Sydney Grammar School Form ¥ Chemisery 2022 Annwal Examination

Question 18 (4 marks) Marks

The graph shows the melting points of elements in period 3 of the Periodic table.

1800
Si
1600+
14004
1200-
melting point 1000 M
K it
800
600-
4001 Na S
P
200 - Cl
Ar
0 T L) L T L} ¥ T )
10 11 12 13 44 18 16 17 18 19
atomic number
(@) Explain why magnesium has a higher melting point than sodium. 2

;Mﬁ_%er vetallic lasnds (or move cneny
[$ ra?ww_' ﬁlfﬂfd[ﬂ the IIUM[.S» wilhi [‘:fﬁ o / Mav
. I:féa,a_:i{?_ —efﬂ\f'f "‘Ma r‘aa{rpﬁ L5 .5Ma/é‘r“ < '/Mark

- My has a &)lﬂ&@r}pﬂﬁ)'][/“: (Aaz/('
_./vrj has Wi delscaliseod clettors
(b) Explain why argon has a lower melting point than chlorine. 2
- Ar heas weake, R é’/(/_hg L=z
{_ar dl.’p/f/ﬁ/"f\ foraes !F The Pc /S /)aMcv/)"}

mark

¢ This s besavse avgon has f2wer eleotans
Han b, anAd thercfoee wealeer 7%’7/°’m\/j mavk
9_'_‘@,4’12 (wmkef ahsfzef;m/\ ﬁme})
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Question 19 (5 marks) Marks

During an experiment, 3.80 g of solid sodium hydroxide was added to 150.0 g of water with

an initial temperature of 23.5°C. After the solid completely dissolved, the final temperature
of the solution was 28.0°C.

(@) Calculate the molar enthalpy of solution for sodium hydroxide (in kJ mol-). 4
n <Na0H> = 382/49.998 00952 mo| (| Ma.«L)
(_%: M L ral

= 1506 x4)8 % 45
- 2822 F (| mark)

AH = -2.922 = -30 kT rol” ([ mwt)

B O-0950 (to 2s.£)

~29.7 kTl

(o 35F) (! "’Wé}

1}

(b) The theoretical molar enthalpy of solution is -44.5 kJ mol™'. Provide a reason for the 1
difference between the theoretical and experimental values.

SJME« L16a+ {057‘_ ﬁ M\Mé’asorcv( éawaa/dlflﬁﬁ
Mw«lphm Tt cfsolotrn) = 416 T
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Sydney Grammar School Form V Chemistry 2022 Annual Examination

Question 20 (5 marks) Marks

(@  Aqueous XO.* ions form a precipitate with aqueous silver ions, Ag*. Write a 1
balanced equation for the reaction, including state symbols.

3 Aq /aoD + >(03 éiq) &X()ymﬁ State Mos )
e \ b mclw(é’
(b)  When 41. 17 mL of a solutlon of aqueous silver ions W|th a concentration of
0.2040 mol L' is added to a solution of excess XO,* ions, 1.172 g ofthe
precipitate is formed. :

(i) Calculate the amount (in moles) of Ag* ions used in the reaction. 1
n(Ast) = O-OkIIT x 0-2040
V= 3 bl sl
2O 008 4Ol pmil

(ii) Calculate the amount (in moles) of precipitate formed. 1
0 (Bg XN =6 kip = 2:80cnwe]
3 = 0-0028290 po]
(iii) Calculate the molar mass of the precipitate. 1

MM /AA X2 \ /-/7;/002304)
- E-5 j Mol ~

(iv) Determine the relative atomic mass of X and identify the element. 1

MelX) = 185 = (3x 107.9) = (YIbD
23283 o pmol

DS ES plwslolndrpj
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Question 21 (6 marks) Marks

Below are some properties of aluminium fluoride and aluminium bromide.

Melting point (°C) | Conductivity in liquid state
AlFs 1265 High
AlBr3 98 low
(i) Classify each compound as ionic or covalent molecular. Justify and explain your 4

answer using information from the table.

Uana —

i0AS are froodo vnove | o canoy clrange
KIole : ¥ Moy looug Lovole eleadwans are machie > NCavest
¥ tord @y cluige acceplesd
I‘\{Br} 3
st eandyy reale
jmwﬂdﬁimgmwmm&d

Noke' ¥ (o8 QC-M—&/' wlvudtd\«-s statevue—
lbe-a. Aue Wermn\«emur-é'ym o canee loands

(ii) Explain, referring to relative electronegativities, the differences in bonding seen for 2
these two aluminium halides.

:’%&:&Wﬂ ALEE gorquaresl to 4
MR R Compavison
~ F ativacts elechwrg g\w\/\ A\"\“O»_Rvm'm.@gi ®

__tohereas B M%EM.&L
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Sydney Grammar School

Form V Chemistry

2022 Annual Examination

Question 22 (5 marks)

Methanol, CH:OH(g) can be produced by the reaction between carbon dioxide and
hydrogen.

CO(g) + 3 Ha(g) — CHsOH(g) + H20(g)

The table below gives the enthalpy of formation and entropy data for the substances

involved in the reaction.

CO(g) Ha(q) CH;OH(g) H20(g)
MNH / kJ mol™ -394 0 -201 -242
S/JK!'mol’ 214 131 238 189

Calculate the Gibbs free-energy change, AG, in kJ mol™, for this reaction at 298 K to
show that this reaction will not be spontaneous at this temperature.

AH = (—25l —24D) — (~2394)

=~ 45 T\ (D

AS= (2384 139) ~ Q¥+ 2« 31)

= 9T amot™! D

Al = Ad —TAS

Marks

= —49 — Qg |- o.\SO_&@ Comtrsuan +o L& st

= 4.4 LS ma L (D

Show that the reaction becomes spontaneous at 272 K.

et Ali=O Ali= 49— P e~2.80
H’
1="AS D = —O.04 L pap !
— 4 e i
= To.go — g?mhmeaua
= D32
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Sydney Grammar School Form Y Chemistry 2022 Annual Examination

Question 23 (5 marks) Marks

(i List the following covalent molecular substances in order of increasing boiling
point (lowest first).

CsHe CH:OH  CHsF
Cate, < CltaF « CtaOt
J&%m%m Tadd Ca e a8 e Logrent &4
) E .- 4

xplaifthe order of boiling points in (i).
— Cotte e lowest RO o & M&mb\u&s
' W
— CHaT is naddle as & epbuba&sw@
Snce k& @ pdlav wolecule.
— CH20M s bigbeat RO as 3 canbinas

(ii

me O«

Motehzn: DF = Cobtp clspesin (oo
DD - CiaF olpde—dupsie
HR —=> cwou Lydrogon \sndarg
D = Convect ’M"‘S @,- ordeving

Note ' apCan MWM&M!@/‘M;\T .::@(aaqs
b\,apLéf N %%P&/Mmloal-mov‘wmﬁs
Had do b pazancdde to lee cMevepreal
e.q.CHaF t= Lughrertasn OOk | evem Mo
- loshn CoorXatin lM L‘*""""”.‘Sl""&
T te wasee e A O s
te  —loonds Are i

kL@MCK}‘M,Wu& Cavvreoh lamolt
’Q\V«AMLIQ,QQAMM—L coultah lt_wllna‘\&—’
Pt ) loased M-’MMWQ (D)
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Question 24 (8 marks) Marks

Hydrazine, NoHa, is an inorganic compound found in some rocket fuel.

{a) Hydrazine is described as having a covalent molecular structure.

(i) Describe what is meant by the terms covalent and molecular in this context. 2
Note - COVM : Shwtd po\ir d} ;Jukyw\g b;)'ucu\
i
Um) Pw Bas Lo odoms.

UNﬁsa 2 2 . ] Y
o i qritkion Moleaulas : Disreke porkides male wp gy
2 oc more o-,ooaJ

AcgPT : o Diserebe skewckwe ok does nol BOIA o
rtewenng networl Skewcheg

o Porkdes hdd ’eobp\'hf Sy el dispassion Pcw

(i) Draw a Lewis dot diagram/structure for hydrazine. 2
LK ] oe
. CCEIT FPoe | MaL:
HiN:N:# | A NoTz: No marks
" 'H' A-N= N-H bor incorrack
H L formulal
H
05 'Y ) ae
H-N— N-H & H—N—N-H
| | l J
A Ho v
(iii) Identify the electron pair geometry around one of the nitrogen atoms. 1

Tetrobed cod
ACLEET ¢ Aﬂ\7 oS WYV \’ka-l' M‘."d‘ts AASUY kf ra’+ (i

NoTg : M“7 S"“M-s ve Yo mo\(uw‘a S‘o/\nb"f7
Skead J& He olcton ‘:6-\7 )n.oul'rp .
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Sydney Giammar School . Form ¥ Chemisuiy 2022 Aanual Examimation

(b) Gaseous hydrazine undergoes combustion to produce nitrogen gas and water. Marks
cLoPT: ” O( The standard enthalpy of combustion, AcH®, for this process is -623 kJ mol.
)

Nﬂ@ 3 P"l’ n“"-&, (i) Write a balanced chemical reaction for this process 1
doakes
wnl balong; N‘L Ha‘, (o + 015 ) — N‘?. ) ¢ 1‘4 o L‘)
had o be c?r cetk e - " &

!‘( tmarln (i) Draw an energy profile diagram for this reaction, including labels for AH®, and 2
activation energy, E,

enthaipy

progress of reaction

| IS 4 fe .
MALK Awn,tn.ﬁa C::.Jtﬁ u05\7 ,,,oﬂh @/

\’\ ((‘Qo.d'm}s’) > H (f’oA“J'D
MARK 1. C-Ol‘f!&" l&-"-&"m} q AH a.a.A EA .
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Question 25 (3 marks)
The successive ionisation energies for element X are shown in the graph below.

30000

sEEEEEEy.dE

/_4/

fonisation 15090 |~ | /‘ ' =T

energy 4

/kJ mol~! 10000 - = i
0 II"‘_".._ .

(] 1 2 3 4 5 6 7 8 9
Number of lonisation

Explain the shape of the graph and suggest an element that this graph could represent.

Magk | E : :

o an
b o macdins [ \as shiddong / less
2~ rﬂfalsio-n.

MALL 2 : Goplandion for dnmp Lehruon TE 3 od TEG
Eledvon | bing Cemoved Ao osbited //shel)
coser b e mhers S alechan G Spuitntisg
pnch Less shielding,

MO 3 ¢ ID e

Alm}mm.. (or oYl tb,-..,.,'a '3 .dln.m"\' uih.
brul'w Hon D th(,l'mS/)

Clondivn odso oCce r\’wl.
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Question 26 (3 marks)

A student performs an experiment to determine the formula mass of compound A using the
apparatus shown below. The student injects a liquid sample of compound A from a fine needle
syringe into a gas syringe in an oven. At the temperature of the oven, liquid A vaporises.

Heated oven

\

Fine needle \

syringe
\_\\ —fll'l'|'|'l'i'|'i'|*|
[ = \

, : |

\

Gas syringe
The table shows the student’s results.

Mass of fine needle syringe before injecting 11.295 g

Mass of fine needle syringe after injecting 10.835 g
Volume of gas syringe before injecting 0.0mL
Volume of gas syringe after injecting 178.0 mL
Pressure of gas in gas syringe 100 kPa
Temperature 120°C

Galculate the formula mass of compound A to 3 significant figures.

PV = nRT n = _'p__\f 2 100 X 6.173
KT g-31¢ x 393.15

= 0. 005 ¥%¢ ol
MM = ™M MM(A) - %tf-§5 mel !

N

2 MARWLS : CoCceth ansuy e 3:.'2 a}’
2 MARUS : Dt edle arrof of Ak adle error 4 5'g p‘j ror
LMk m(A) od VCA)
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Question 27 (4 marks)

An Airbus A320 plane, in need of maintenance, is located in a hangar at Sydney airport. As
part of the maintenance, its two engines are run at the same time in the idle power position
for 15 minutes. Due to a malfunction, instead of producing carbon dioxide, all engines are
producing carbon monoxide according to the following incomplete combustion chemical
equation:

CraHas(l) + 20(g) — 12C0(g) + 13H,0()

The NSW Government has determined that exposure to carbon monoxide levels above
25.0 ug L' is dangerous.

A total of 200.0 kg of Ci2Hz6 was combusted in the hangar. The volume of the hanger is
2.00 x 10"° L.

Determine if the level of carbon monoxide produced in the hangar would be dangerous. Use
relevant calculations to support your answer.

crer | 2(CHa)) = 2000009 (o Hp) = 130,328 g™

l?‘F-?'szmrl
= U342 pof

altoY = U%e.2 x 1
- 149090 ol

ster 3 [C0OD = I¢od0 o

—

2.00 x10° L
> F.04S x 10" Vad LU

el % con( (Co) < - 0%S ¥ o~ x 1%. ol 3,,_,1"
- 1.973 « no'fb L

= lq‘}jl\j (_,"'l
2.3 4y L™ € S me L™ 2 ot dangeows

& Mﬁzug 1 A" (Aﬂ'¢¢+ NoTé Ma x ?_ Wh‘ wal
3 mAQUS ¢ One incorcect Skep avorded i) cudet oSsned
2 Meus : Ab 1wk buo coreadk Skeps

| MARK : Oae Cerrtdh .Shr Page 19
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Question 28 (5 marks) Marks
Crocetin consists of the elements carbon, hydrogen and oxygen.

(i) Determine the empirical formula of crocetin, if 1.00 g of crocetin forms 2.68 g of 4
carbon dioxide andc( 0.657 g of water when it undergoes complete combustion.
2.6
e .
n (@) = Guol = 0.-060%a w(C)=0.0607m (V)

n( 1,0\ = O&?ou, - 0. 036§w®-‘ n(ty= 0.0129 wal
w(0) = 100 - m(Q) - w (W) ()
w(0) = 100 - (0060%%120) - (00729 xl00K) = 0.1959

v\(o\ ,31 = 0.0122 wal

600
C: 0.0601 oo | - S
MH: ©.0%124 . 12 = 6

O:0.012 Lo ) o W @

(i) Determine the molecular formula of crocetin given that 0.300 mole of crocetin has a 1
mass of 98.5 g. Qs
M W) B ‘ﬂl\’ = — = 22€ -3}
:,,‘ O i3 3
ww (Co Ho0) = ®>0% = Cok.0. O
A Y E LvJ 2 - e

(e gum fow Q\\



Question 29 (4 marks)

Ethane, C-Hg(g), can be represented by the following structural diagram.

1 Y
H—(I?—Cl)—H
H H

The enthalpy of formation of ethane, A, can be represented by the equation:
2 C(S) +3 Hz(g) — CzHe(g)
Given the following data, calculate the enthalpy of formation of ethane.
C(s) — C(g) AH =715 kJ mol™
Bond enthalpy (C-C) AH = 348 kJ mol™

Bond enthalpy (C-H) AH =413 kJ mol"
Bond enthalpy (H-H) AH = 436 kJ mol™

1 C(q\ a 3"3_(&\ = S H{/ﬁ\
< "% B 2 OCh

bowcs Yowoken bondds pwduced

=2 O+ 2XYb = 1E34¢ + by}

i
M - +13ov -2820 = - 1SIK Gwl
2C@ + 20 . — (G H . D = -\SIS k] wb'l
\VL T <o) . .
LCp = éj C o AH = 41420 kJ wal
Ve AV
20y ¥ 22U = (5 H oy BH= ISI¥ ¥I42D
& =\J) < o)) »
= -  Elwn
morke ol | Fﬁv eadn _ewyov (mgj ts ?d Wj W}
W WM W\Ol\fj Ovo\ovﬂhw\i\‘;@) o g )7<'

espedadly it ¥ & - amd us‘vﬁ Siot caghiishies vedsos



Question 30 (4 marks)

An equimolar mixture of two alkali metals with a combined mass of 59.87 g was burned in

oxygen. The volume of oxygen used at 25°C and 100 kPa was 6.842 L. Identify the two
metals, showing all working.

Swfwx\ wwedy e ?2} N 4 omswev

Af0) = 65892 = 0.2%60 wal (D)
24

. 0.13%0 ml gov sl
ane  ohkab watal @ yabd (0, :n ( X,/‘f\

4x +0, = 2%0 oy 2¥ +21+0, = %0 4,0
w (%) = w(_%\ = (.S$20 wwl
m (14 = SA5F Due ™ pubived way
L mm(x) x 0.6520 + mMmM)x 05§20 = € 4%t

vy pevodit jobe oy We Na 2 Bb
J I @

_ oSt (owmmn  ewdv  woy I ndb owidoy
W oo Chiowety  of T Cadknn  amd Yo
agumt w(00) = (x) =) Thi gant
best omswer (6 & Rb omd  go :z/q -y

- mawy  Yoys  chid wob lnow Wk alkak
Wit oy went !



