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Chemistry

General Instructions

e  Working time — 2 hours

e Board-approved calculators may be used
e  Write using black pen

e Draw diagrams using pencil

e A Data Sheet and Periodic Table are
provided at the back of this paper

e  Write your name and Master’s initials
on the multiple choice answer sheet,
and at the top of Question 15, 17, 21
and 25.

e Remove the central staple before
handing in paper

2016

FORM YV
ANNUAL EXAMINATION

Monday 29" August, 12:55 p.m.

Total marks (86)

This paper consists of two parts, Part A and
Part B.

Part A

Total marks (12)

e Attempt ALL Questions

e Allow about 15 minutes for this Part.

Part B

Total marks (74)

e Attempt ALL questions

e Allow about 1 hour and 45 minutes for this
Part.

CHECKLIST

Each boy should have the following:

1 Question Paper

1 Multiple Choice Answer Sheet

Chemistry Classes

5CY201 - EJS/LL
5CY205 - MRB

5CY202 - TW
5CY206 - TW/LL

5CY203 - AKBB | 5CY204 - DGB
5CY207 - CRMR | 5CY208 - ZI
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Part A

Total marks (12)

Attempt ALL Questions

Allow about 15 minutes for this Part

Use the multiple-choice Answer Sheet.

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

Sample 2 + 4 =

(A) 2 (B) 6 (C) 8 (D) 9

® ® © ®

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

@ X © ©

If you change 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

o
= X © ©
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Which of the following best defines the term “allotrope”?

(A)
(B)

©

(D)

Different structural forms of an element.

Atoms with the same number of protons but differing number of
neutrons.

Compounds that have the same molecular formula but different
structural formula.

The different phases of a substance (e.g. gas, liquid or solid).

Which one of the following statements most accurately relates the properties of
a liquid at room temperature to its vapour pressure?

(A)
(B)
©
(D)

A liquid with a high vapour pressure will probably have strong
intermolecular forces and a low boiling point.

A liquid with a high vapour pressure will probably have low surface
tension and a high boiling point.

A liquid with a low vapour pressure will probably have strong
intermolecular forces and a high boiling point.

A liquid with a low vapour pressure will probably have high surface
tension and a low boiling point.

Which one of the following processes is endothermic?

(A)
(B)
(©)
(D)

Combustion of natural gas.

Freezing of water to make ice.
Photosynthesis.

Dilute acid reacting with an active metal.

Which one of the following statements about the behaviour of a catalyst is

correct?

(A) A catalyst reacts with the products to speed up the reaction.

(B) A catalyst lowers the activation energy while maintaining the original
reaction pathway.

(C) A catalyst provides the additional energy required to overcome the
activation barrier.

(D) A catalyst provides an alternative reaction pathway with a lower

activation energy.
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5 Solder is an alloy of lead and tin. A useful property of solder is that:

(A) itis lustrous, like lead and tin.

(B) it conducts electricity, like lead and tin.
(C) it has a high melting point.

(D) itis cheaper than both lead and tin.

6 Which of the following compounds have the same empirical formula?
(1) (ii)
H H H—C=C—CH,
\ /
c=cC
/ \
H H
(iii) (iv)
H H—C=C—H
H H
H H
H

(A) (1) and (iv)
(B) (i) and (iii)
(C)  (iii) and (iv)
(D)  None of the above

7 Which of the following contains only molecules with dipole-dipole interactions
as their main intermolecular force?

(A)  Hydrogen chloride, hydrogen sulfide, water.

(B)  Ammonia, phosphorus trifluoride, carbon dioxide.

(C)  Ammonia, sodium chloride, methane.

(D)  Hydrogen chloride, hydrogen sulfide, phosphorus trifluoride.

8 The density of water at 4°C is 1.00 g.mL™". The density of ice at 0 °C is
0.917 g mL™". What volume change would occur if an ice cube of mass 7.40 g,
initially at 0 °C, melted to form liquid water with a final temperature of 4 °C?

(A)  The volume would increase by 0.61 mL.
(B)  The volume would decrease by 0.61 mL.
(C)  The volume would increase by 0.67 mL.
(D)  The volume would decrease by 0.67 mL.
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11

12

Within a Group of the Periodic Table, which is the correct relationship between
a property of a metal and the first ionization energy of the metal?

(A)  The larger the atom, the smaller the ionisation energy.

(B)  The greater the reactivity of the metal, the greater the ionisation energy.

(C)  The smaller the amount of energy required to remove an electron from
the metal, the greater the ionisation energy.

(D)  The more difficult it is for a metal to lose an electron, the smaller the
ionisation energy.

What is the relationship between the potential energy of an electron and its
average distance from the nucleus?

(A)  The energy of an electron is variable, irrespective of its location.

(B) By definition, all electrons have the same amount of energy,
irrespective of their location.

(C)  The greater the average distance of the electron from the nucleus the
less its potential energy.

(D)  The greater the average distance of the electron from the nucleus the
greater its potential energy.

Identify which row below contains the correct information about the boiling
and electrolysis of water.

Type of Amount of energy Result of Process
separation required

(A) Boiling Relatively large amount of New chemical
energy substance formed
(B) Boiling Relatively small amount of | No new chemical
energy substance formed

© Electrolysis Relatively small amount of New chemical
energy substance formed
(D) Electrolysis Relatively large amount of | No new chemical
energy substance formed

Which of the following statements about empirical formulae is correct?

(A)  They express the simplest ratio of protons to neutrons present in a
compound.

(B)  They provide information about the elements present in a compound but
don’t provide information about the number of particles.

(C)  They can only be applied to ionic compounds.

(D)  They show the number of atoms of different elements in a molecule.
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Form V Chemistry 2016 Annual Examination

Part B Master’s initials
Total marks (74) ‘
Attempt ALL Questions
Name
Answer the questions in the spaces provided.
Show all relevant working in questions involving calculations.
Question 13 (6 marks) Marks
(a) Write balanced chemical equations for the following reactions:
1. Decomposition of silver chloride.
2
ii. Reaction of aqueous solutions of barium nitrate and copper(Il) sulfate.
2
(b) Write a balanced net ionic equation for the following reaction:
1. Reaction of aqueous solutions of lead(II) nitrate and potassium iodide.
2
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Question 14 (5 marks) Marks

During the course of this year you have performed a first-hand investigation to
separate a naturally occurring mixture of sand, salt and water.

(a) Identify the separation technique you used to perform the separation of the sand
from salt water and state the physical property which enabled this technique.

2
(b)  One of your classmates was given a sample of this mixture and asked to perform
a gravimetric analysis of it. He found that at 22 °C the sample contained 0.573 L
of water (density at 22 °C is 0.9978 g mL'l), 7.8 g of sand and 2.6 g of salt.
Determine the percentage composition by mass of water in this sample.
3
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Question 15 (3 marks) Marks

Consider the representation of an atom shown below.

A
Z

Using the letters in the representation above, identify:

(a) The number of protons in this atom.

1
(b) The number of neutrons in this atom.
1
(c) An expression for the number of electrons found in an ion of this element if the
element belongs to group 5 of the periodic table.
1
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Question 16 (3 marks) Marks
Identify the property or substance represented by the letters X, Y and Z in the
table below.
Group Metals Metalloids Non-metals
Appearance lustrous Low-sheen dull
Electrical High low Y
Conductivity
Thermal high high low
Conductivity
Malleability X moderate low
Density high intermediate low
Boiling point high high low
Tensile strength High variable low
Examples Zinc 7 Argon
X: 1
Y: 1
Z: 1
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Form V Chemistry 2016 Annual Examination

Master’s initials

Name

Question 17 (5 marks) Marks

Both ionic compounds and metallic elements are most commonly found as
lattice structures. Compare these two types of lattice structures in terms of their
structure and bonding.

5
Question 18 (2 marks)
Chemical reactions involve energy transformations. Describe a chemical
reaction that you have observed that involves the transformation of light energy
to chemical potential energy and provide an equation for this process.
2
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Question 19 (6 marks)

Hydrogen fluoride can be prepared according to the equation:
Hy+ Fa > 2 HF AH = -275 kJ mol

It is estimated that the activation energy for this reaction to proceed is 160 kJ mol™.

(a) Draw a labelled energy profile diagram to represent this reaction.

(b) Using collision theory, explain what the effect on the reaction rate would
be if the temperature was increased.
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Question 20 (7 marks) Marks

Hess’s Law states that the total enthalpy change during the complete course of

a chemical reaction is the same irrespective of the pathway taken i.e. whether the
reaction is made in one step or in several steps. Consider the following example for
the complete combustion of methane.

CHag) + 205

AH, = —802 k] mol~!

AH; = —890 kJmol ™!

Enthalpy

COZ(g) + ZHZO(g)

AH,

A 4
COz(g) + ZHZ 0(1)

(a) If Hess’s Law holds for the above example, calculate AHs.

Question 20 continued on next page.
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Question 20 continued. Marks

(b) Identify the fourth member of the homologous series of which methane is the
first member.

1
(©) Identify the original source of the chemical potential energy found in methane.

1
(d) Write an equation for the incomplete combustion of methane.

1
(e) Explain why the incomplete combustion of hydrocarbons like methane is

undesirable.
2
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Form V Chemistry 2016 Annual Examination

Master’s initials

Name

Question 21 (3 marks) Marks

With reference to the tabulated first ionisation energies below, explain the
differences in reactivity between potassium and rubidium.

Metal First Ionisation Energy
(kJ mol™)
Potassium 425
Rubidium 403
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Question 22 (6 marks) Marks

Excess copper(Il) carbonate was placed in a conical flask and 100.0 mL of dilute
sulfuric acid was added. A reaction occurred and the gas produced was collected.
The volume of gas collected at 100 kPa and 25 °C is shown in the graph below for
Reaction A.

=

. Reaction A

o
o

o
VA

o
N
7

o
)

I
~

/ / Reaction B

O 5 10 15 20
Time (mins)

o
w

Volume of gas produced (L)
o
(9]

o
[N}

o
[EnY

o

(a) Calculate the concentration of the sulfuric acid.

Question 22 continued on next page.
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Question 22 continued. Marks

(b)

A second reaction with the same mass of copper(Il) carbonate and volume of
acid was carried out and the results shown in Reaction B. Identify the possible
conditions that could have changed to produce this graph and explain their
effects.
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Question 23 (7 marks)

Solutions of FeClyq) oxidise easily in the presence of oxygen to produce FeCls(ag).
Iron filings can be added to stabilise these solutions by reducing any FeCls(,q) formed
back to FeClyq) according to the following equation.

Fe(s) + 2F6C13(aq) — 3F6C12(aq)

(a)  Write the net ionic equation for this reaction.

(b)  Write the reduction and oxidation half equations for these reactions.

(i) Reduction

(i1)) Oxidation

(c) Calculate the mass of FeCls can be reduced completely to FeCl, by 1.00 g of
FG(S).
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Question 24 (4 marks)

2.67 L of vapourised phosphorus molecules are reacted with 8.01 L of oxygen gas at
a constant temperature and pressure to produce 2.67 L of a gaseous oxide of
phosphorus having a molar mass of 220 g mol™.

(a) Balance the given equation below for the reaction.

Phey + Oz — POy

(b) Determine the formula of the oxide of phosphorus. Show working.

(c) Determine the molecular formula of the vapourised phosphorus molecules.
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Form V Chemistry 2016 Annual Examination

Master’s initials

Name
Question 25 (6 marks) Marks

(a) Construct Lewis dot diagrams of the following molecules

(1) methane

1
(i1) water

1
(ii1) hydrogen sulfide (H»S)

1

(b) Explain why the boiling points of water and hydrogen sulfide differ.
3

Page 21 of 26 CRMR



Question 26 (5 marks) Marks

In an experiment, a boy added 8.00 g of ammonium nitrate to 100 g of water.

(a) Ifthe AgoH for ammonium nitrate is + 25.41 kJ mol ™! and the water was initially
25.0 °C, calculate the final temperature of the resulting solution.

(b) The boy actually measured a final temperature of 22.1 °C. Suggest two possible
reasons as to why there is a difference between these results.
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Question 27 (6 marks) Marks

Compound A is a white insoluble mineral made of four elements. When

10.000 g of compound A is reacted with 2 M HCl, 2.6886 L of CO, (measured
at 25 °C and 100 kPa), is evolved. Na,SOy is then added to the solution forming
7.383 g of compound B as a precipitate; compound C remains in solution.

The solution of compound C is neutralised with 2 M NaOH forming 3.1628 g of
a precipitate of compound D, which was filtered. The 3.1628 g of Compound D
was then heated to produce 2.1859 g of compound E and water. Compound E
was heated at 2300 °C with excess carbon to give CO and 1.3183 g of pure metal
F.

What are the formulae of compounds A-F? Show working.
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Chemistry

Data Sheet
Avogadro’s constant, Na ......covoviiniiiiiiiiiiii i eieaennn. 6.022 x10* mol™
Volume of 1 mole ideal gas: at 100 kPa and
at0°C (273 K) e 22.71L
at25°C (298 K) cviiiiiiiiii 2479 L
Ionisation constant for water at 25°C (298.15K), Ky ..evennnnn.... 1.0x 10"
Specific heat capacity of water .................cooiiiii 4.18 x 10° Jkg 'K
Some useful formulae
pH =—logio[H'] g =mCAT
Standard Potentials

K'+e = K 294V

Ba™ +2e” - Bag, 291V

Ca® +2e” = Cag 287V

Na'+e N Nay =271V

Mg*" +2e - Mg 236V

AP+ 3¢ = Al ~1.68 V

Mn?" +2¢ = Mny, 118V

H,0+e - Vs Hyg + OH™ 083V

Zn*t +2e - Zng -0.76 V

Fe*' +2e” - Fe, 044V

Ni*" +2¢ . Nig) -0.24V

Sn*" +2e - Sng, -0.14V

Pb*" + 2e - Pby -0.13V

I’IJr +e = Y Hz(g) 0.00V

SO +4H" +2¢ = SOy + 2H,0 0.16 V

Cu?" +2¢ N Cug 034V

Vs Oy + HyO + 2¢” - 20H 040V

Cu'+e = Cug 052V

Vo Ly + € - r 0.54V

Va IZ(aq) +e = I 0.62V

Fe¥t +e - Fe®* 0.77V

AgJr +e = Ag(s) 0.80V

Va BI‘Q(]) +e = Br- 1.08 V

72 Bryug + € = Br 110V

%0y +2H +2¢” - H,0 123V

Yy CrO7% + TH + 3¢~ - '+ 1 1,0 136 V

Va Clz(g) +e = Cl 136 V

Va Clz(aq) +e = ClI 140V

MnO, + 8H" + 5S¢~ - Mn** + 4H,0 151V

Vs Fag + € = F 289V
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Which of the following best defines the term “allotrope™?

A)
(B)

(©)
D)

Different structural forms of an element.

Atoms with the same number of protons but differing number of
neutrons.

Compounds that have the same molecular formula but different
structural formula.

The different phases of a substance (e.g. gas, liquid or solid).

Which one of the following statements most accurately relates the properties of
a liquid at room temperature to its vapour pressure?

(A)
(B)
©
(D)

A liquid with a high vapour pressure will probably have strong
intermolecular forces and a low boiling point.

A liquid with a high vapour pressure will probably have low surface
tension and a high boiling point.

A liquid with a low vapour pressure will probably have strong
intermolecular forces and a high boiling point.

A liquid with a low vapour pressure will probably have high surface
tension and a low boiling point.

Which one of the following processes is endothermic?

(A)
(B)
©
(D)

Combustion of natural gas.

Freezing of water to make ice.
Photosynthesis.

Dilute acid reacting with an active metal.

Which one of the following statements about the behaviour of a catalyst is

correct?

(A) A catalyst reacts with the products to speed up the reaction.

(B) A catalyst lowers the activation energy while maintaining the original
reaction pathway.

(C) A catalyst provides the additional energy required to overcome the
activation barrier.

(D) A catalyst provides an alternative reaction pathway with a lower

activation energy.
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5 Solder is an alloy of lead and tin. A useful property of solder is that:
(A)  itis lustrous, like lead and tin.
(B) it conducts electricity, like lead and tin.
(C) it has a high melting point.
(D) itis cheaper than both lead and tin.
6 Which of the following compounds have the same empirical formula?
@) (ii)
H H H—C=C—CH;
\ /
c=C
/ \
H H
(iii) (iv)
H H—C=C—H
H H
H H
H
(A) (i) and (iv)
(B)  (ii) and (iii)
(C) (i) and (iv)
(D)  None of the above
7 Which of the following contains only molecules with dipole-dipole interactions
as their main intermolecular force?
(A)  Hydrogen chloride, hydrogen sulfide, water.
(B) Ammonia, phosphorus trifluoride, carbon dioxide.
(C)  Ammonia, sodium chloride, methane.
(D)  Hydrogen chloride, hydrogen sulfide, phosphorus trifluoride.
8 The density of water at 4°C is 1.00 g.mL".. The density of ice at 0 °C is

0.917 g mL"'. What volume change would occur if an ice cube of mass 7.40 g,
initially at 0 °C, melted to form liquid water with a final temperature of 4 °C?

(A)
(B)

(C)  The volume would increase by 0.67 mL.
(D)

The volume would increase by 0.61 mL.

Page 5 of 26

The volume would decrease by 0.61 mL.

The volume would decrease by 0.67 mL.
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10

11

12

Within a Group of the Periodic Table, which is the correct relationship between
a property of a metal and the first ionization energy of the metal?

(A)  The larger the atom, the smaller the ionisation energy.

(B)  The greater the reactivity of the metal, the greater the ionisation energy.

(C)  The smaller the amount of energy required to remove an electron from
the metal, the greater the ionisation energy.

(D)  The more difficult it is for a metal to lose an electron, the smaller the
ionisation energy.

What is the relationship between the potential energy of an electron and its
average distance from the nucleus?

(A)  The energy of an electron is variable, irrespective of its location.

(B) By definition, all electrons have the same amount of energy,
irrespective of their location.

(C)  The greater the average distance of the electron from the nucleus the
less its potential energy.

(D)  The greater the average distance of the electron from the nucleus the
greater its potential energy.

Identify which row below contains the correct information about the boiling
and electrolysis of water.

Type of Amount of energy Result of Process
separation required

(A) Boiling Relatively large amount of New chemical
energy substance formed
(B) Boiling Relatively small amount of | No new chemical
energy substance formed

© Electrolysis Relatively small amount of New chemical
energy substance formed
(D) Electrolysis Relatively large amount of | No new chemical
energy substance formed

Which of the following statements about empirical formulae is correct?

(A)  They express the simplest ratio of protons to neutrons present in a
compound.

(B)  They provide information about the elements present in a compound but
don’t provide information about the number of particles.

(C)  They can only be applied to ionic compounds.

(D)  They show the number of atoms of different elements in a molecule.
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Form V Chemistry 2016 Annual Examination

7,7 ZA%
Part B AU
ar Master’s initials
Total marks (74)
Attempt ALL Questions
Name

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

Question 13 (6 marks) Marks

(a) Write balanced chemical equations for the following reactions:

1. Decomposition of silver chloride.
) ,,4 5 ¥ 2 A - o
R e S sy S 2
¢ 27 7 /i o i Mierts /7 Le
.. . . . . AL A SYA
1. Reaction of aqueous solutions of barium nitrate and copper(II) sulfate. i /

’/i:i ;1‘/‘:23(), = f'-;‘f 3:}; -7 ¢ L /\/{'/ )'7* /)a 5&
F P o T

(b) Write a balanced net ionic equation for the following reaction:

1. Reaction of aqueous solutions of lead(II) nitrate and potassium iodide.
21 2+ P e AL
/A 44) 1‘é‘.——'_f > /p/'r rMivsS 2
% 205) ok EAH MISTAKE

v W’TW /75 /a//:wwg %1743 9/% /, N”’\/f”'/C

7/
# Ly~
& "‘LA ‘L/fM‘- » ' c?"l—"—" ’ l’" (_-‘f-{" /*-eﬂ/_..-ﬂ/.. ) QVM—S /‘}‘j‘;} d M /ﬂﬂ/‘a/gs(

P ?‘f"‘/ -€a('m /f»u‘S‘ \/cLAJ @ M/fayé A .;’ Ch wws,: Hlo Y ._/ov
4 (
AIry ;'1«-) %Ma// -ﬁ ng Z§ /\/’&/ sV A/Uf/v‘“" L)

P
£

j( 7% Co$A (A}/(,wu A X G S A( //SC)

1"
L-
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Question 14 (5 marks) Marks

During the course of this year you have performed a first-hand investigation to
separate a naturally occurring mixture of sand, salt and water.

(a) Identify the separation technique you used to perform the separation of the sand
from salt water and state the physical property which enabled this technique.

- "4
/ P / . »

L rﬁj...p,;n_:;}.’; o AT pine ;/ 2

NS, ‘ze_//ﬁ il /w‘/ﬁ /Al

(b) One of your classmates was given a sample of this mixture and asked to perform
a gravimetric analysis of it. He found that at 22 °C the sample contained 0.573 L
of water (density at 22 °C is 0.9978 g mL™), 7.8 g of sand and 2.6 g of salt.

Determine the percentage composition by mass of water in this sample.

. . " . 43
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Question 15 (3 marks) Marks

Consider the representation of an atom shown below.

A
Z

Using the letters in the representation above, identify:

(a) The number of protons in this atom.
-2

-
-

(b) The number of neutrons in this atom.

A-Z 1

(¢) An expression for the number of walenee electrons found in an ion of this
element if the element belongs to group 5 of the periodic table.

243 !

Vilonca Mo ims I¢,3Z .---
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Question 16 (3 marks) Marks

Identify the property or substance represented by the letters X, Y and Z in the
table below.

Group Metals Metalloids Non-metals
Appearance lustrous Low-sheen dull
Electrical High low Y
Conductivity
Thermal high high low
Conductivity
Malleability X moderate low
Density high intermediate low
Boiling point high high low
Tensile strength High variable low
Examples Zinc 7 Argon

e // ; %'//,rvo/// 1

Y %Z:.—, ZOA)//}OC‘// 1
[/ 7

Z3 WW/«—V 1

7
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Question 17 (5 marks) Marks

Both ionic compounds and metallic elements are most commonly found as
lattice structures. Compare these two types of lattice structures in terms of their
structure and bonding.

Marked holistically.

5 marks required detailed discussion of S&B of both metals and ionic compounds,
plus gives a direct comparison between them. Following codes for used to
indicate what was missing or insufficiently covered (-1 per item):

C - explicit comparison missing
IB — ionic bonding

1S —ionic structure

MB — metallic bonding

MS — metallic structure

D — lacks depth

Sample answer

Metallic elements’ structure involves a 3-D lattice of metal cations in a sea of delocalised
electrons. The bonding is due to the electrostatic attraction between the metal’s positive
nuclei and the electrons. Ionic compounds also have a 3D lattice structure — but they
have an array of repeating units of alternating cations and anions. These ions are also
bonded by electrostatic attraction but this time it is between the fixed cations and anions
and there are no free electrons. This ionic bonding makes the lattice structure very rigid
(shatters when hit) compared to the easily malleable lattice structure of metals (as the free
electrons can readily relocate to ensure the metallic bonds stay in place as the metal is
beaten).

Question 18 (2 marks)

Chemical reactions involve energy transformations. Describe a chemical
reaction that you have observed that involves the transformation of light energy
to chemical potential energy and provide an equation for this process.

1 mark — description of reaction (e.g. decomposition of silver halides; photosynthesis)
1 mark — balanced chemical equation (note: word equations not accepted)

Page 1 of 4 CRMR



Question 19 (6 marks) Marks

Hydrogen fluoride can be prepared according to the equation:
Hyg+ Fag > 2 HF AH = -275 kJ mol™

It is estimated that the activation energy for this reaction to proceed is 160 kJ mol™.

(a) Draw a labelled energy profile diagram to represent this reaction.
1 mark — exothermic diagram ~E, = ]é o K] / mo/
1 mark — labelling AH = -275 on diagram ST e
. o Entr ]
1 mark — labelling activation energy ~

. *Q7S’£<I'/M0’
3

B w T '
reachon eoerdinale
(b)  Using collision theory, explain what the effect on the reaction rate would
be if the temperature was increased.

1 mark — more frequent collisions
1 mark — more particles have sufficient energy to overcome activation barrier
1 mark — increase in reaction rate



Question 20 (7 marks) Marks

Hess’s Law states that the total enthalpy change during the complete course of

a chemical reaction is the same irrespective of the pathway taken i.e. whether the
reaction is made in one step or in several steps. Consider the following example for
the complete combustion of methane.

CHyg) + 205(g)

AH, = —802 k] mol~?

AH,; = —890 kJmol™?

Enthalpy

COyg) + 2H,0(y

AH,

h 4

(a) If Hess’s Law holds for the above example, calculate AHj.
2 marks - calculating -88 kJ/mol

1 mark for +88 kJ/mol 2

(b) Identify the fourth member of the homologous series of which methane is the
first member.

butane 1

(©) Identify the original source of the chemical potential energy found in methane.

The sun 1
(d)  Write an equation for the incomplete combustion of methane.

Any correctly balanced chemical equation showing production of either C or CO 1

e.g. CHy +3/2 O; = CO + 2 H,O - states were ignored.



(e) Explain why the incomplete combustion of hydrocarbons like methane is
undesirable.

2 marks — explanation of two problems with incomplete combustion e.g. soot or
CO or inefficient energy output. Needed to have detail of why problem exists e.g.
needed more than CO is toxic; needed to explain how it caused oxygen shortage
due to binding to haemoglobin.

1 mark — one of the above well explained or less detail on 2 problems.
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Question 21 (3 marks) Marks

With reference to the tabulated first ionisation energies below, explain the
differences in reactivity between potassium and rubidium.

Metal First Ionisation Energy
(kJ mol™)
Potassium 425

Rubidium 403

= Q?“ib\om.. Q\ns.L O\ 2 Do Q»\Q.xg 1\ 3
e duced
'- C.,Orr'e/kﬂ/\-i’-a J\'Qvﬁs ~ W\\L#L&._L\Qf‘f\
Az wrerncoged  reged ...,.-&1\

- PQQ% o FPa'SNe okl
———
PJK\'; A\‘_}—_ L\Q\/\:i \O—-&ﬁ-— Lo\ S QJ";.S-...
e~er@ Q-4 \a.(,-...!{ t"-tpL-ﬂ., I‘QQ_Q’L\.JC‘S
J ) RN )
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Question 22 (6 marks) Marks

Excess copper(Il) carbonate was placed in a conical flask am:g .0 mL yf dilute
sulfuric acid was added. A reaction occurred and the gas produc Collected.

The volume of gas collected at 100 kPa and 25 °C is shown in the graph below for
Reaction A.

=

. Reaction A

o
©

o
oo

o
N

o
[e)]
{

0.5

: Reaction B
0.4 / /

0.3

o1 1

O ] i ]
0 5 10 15 20

Time (mins}

Volume of gas produced (L)

(a) Calculate the concentration of the sulfuric acid.

\ Mo\ CQCO N WSO, oo\ = C 80, o 3
éxuu*wh uw\a\}mv\; Oy e e ey

+C,02,/t?> ‘{‘"}.‘/@(‘\

\MQ:-’\( N = O80 = 0.0 I0Mo\ .

2409
\MQ:—Q v\r‘-{or“"‘: Q. O KO-\ . /_\
lusol = o0O%k3c = o0.3630(M
TS ©-\0° —
d""j(
O
oA
Question 22 continued on next page. '\Qg\
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Question 22 continued. Marks

(b) A second reaction with the same mass of copper(Il) carbonate and volume of
acid was carried out and the results shown in Reaction B. Identify the possible
conditions that could have changed to produce this graph and explain their

effects.
2 Roagsons Lo Sak 3
S phorohan (~—acke

FY\O&-}Y—')' \Q&"‘_ Q—G*- W ot ‘Lc,*‘ Q. asowns

o e {C.)\O—-*- o \Q"‘& .

%/:”Off_ bﬁ/c/ re af<A s X0 a‘f(Qu:»-Jas{ »

B g akdea we Dt
vt M\ Oud S TF

hase et b a3 - QO

eQ’ 845 QN(&‘J“'& .
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Question 23 (7 marks)

Solutions of FeCly(q) oxidise easily in the presence of oxygen to produce FeCls(ag).
Iron filings can be added to stabilise these solutions by reducing any FeCls(,q) formed

back to FeCly(q) according to the following equation.

Feg) + 2F6C13(aq) _— 3FeC12(aq)

(a) Write the net ionic equation for this reaction.
= 3¢ T »
T\ + 2ol — RTe () 1
) D 1)
(b)  Write the reduction and oxidation half equations for these reactions.
(i) Reduction
e na\ +e — o, (3 1
~ J) — i )
(i) Oxidation ==
E T e 20
e (.(_'\) —=> Ye. I\a‘g\) & 1

Calculate the mass of FeCls can be reduced completely to FeCl, by 1.00 g of

(©
Fe(s).
l o = Voo = 0.08180 w4
te
$S.&5
l ™ = 2 x N = 2.00 = O . 0358\ ~a\
FQ-Q\J s"‘ay ™
o= 2_
l\ e, PR ='Y\R"~.M=2_QC>,._
re_p\3 SS'.gS’
P = S%kg
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Question 24 (4 marks) Marks

a constant temperature and pressure to produce 2.67 L ofags
phosphorus having a molar mass 0f 220 g mol™.

(a) Balance the given equation below for the reaction.

Py(g) +302(g) - ROy 1

\ @\ Determine the formula of the oxide of phosphorus. Show working.

\WM*‘ M T NUe—No - JE- C)Kwi\gaux = 2%—3%6 2
- ré\afrﬁ :;‘Ss2 (:J o“)cwkgLth = blb = %é

: e > QQ .:;:\wa\mo N = 220 — QE = \7/4—

¥ O Q\_.:SO\\W\JI = |24 = 44—

PO(‘m\a- < 'P O@ ‘ ff-;_\

(c) Determine the molecular formula of the vapourised phosphorus molecules.

(i 1
<
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Question 25 (6 marks) Marks
(a) Construct Lewis dot diagrams of the following molecules
(1) methane
¥ ©
WCa A
o
-\ ;
(i1) water
oo
(-]
KOs
t X
-\ .
(111) hydrogen sulfide (H,S)
o o
ST
o [
+ o 1
)
(b) Explain why the boiling points of water and hydrogen sulfide differ.
(D Water bhas  hydoae boading 3
O © \J

® s\

Cﬂnfhﬁ{l— d/\.(DOLL OQA‘S prsion

- s L o, &haall- S°~3¢’"’°"~ dahole

(3) Moe.  2-ards Yo dlse wo\r waders  Mder moleccdar

ek e lore
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Question 26 (5 marks) Marks

In an experiment, a boy added 8.00 g of ammonium nitrate to 100 g of water.

(a) If the AgoiH for ammonium nitrate is + 25.41 kJ mol”! and the water was initially
25.0 °C, calculate the final temperature of the resulting solution.

8o
N\ a0 = R0.05L oy 3
Y
- 0.099935 e nm COT
~2ZH W= \0o ~ U ¥» AT

o -2 539.34Y
DM - _;}- BT = =
lsq \O0 27 v m :"G -O?""qq\
= g
P ql =2534.364 S Ve-T=ar
Te= 25 - ¢ - O*ausSl
= 1%-49°C

(b) The boy actually measured a final temperature of 22.1 °C. Suggest two possible
reasons as to why there is a difference between these results.

0 '\'va@.Qra.\-ﬂ-m wa s %Ok;\_;d Qeona 1o Stvrraadin )

@ UY\;{‘)N'\XRQO ™ A et ﬁ’.\rwl-(

nag Vo o Mo~y woed L \ine’ ok okl il AN i~k
PN W b w!‘w‘quﬁf{

B i

\a) Eeor e_qu&pm.} ok misrf-aol—‘\gs Aok Gcwp]'w‘

Pmpnr'\‘&w MM
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Question 27 (6 marks) Marks

Compound A is a white insoluble mineral made of four elements. When

10.000 g of compound A is reacted with 2 M HCI, 2.6886 L of CO, (measured
at 25 °C and 100 kPa), is evolved. Na,SOy is then added to the solution forming
7.383 g of compound B as a precipitate; compound C remains in solution.

The solution of compound C is neutralised with 2 M NaOH forming 3.1628 g of
a precipitate of compound D, which was filtered. The 3.1628 g of Compound D
was then heated to produce 2.1859 g of compound E and water. Compound E
was heated at 2300 °C with excess carbon to give CO and 1.3183 g of pure metal

F.

What are the formulae of compounds A-F? Show working.

@ AR N corlonabe  ar (O, prodced. 6

Neor = QO \0O% LS Ldes . A~ Codoonake
B~ sdfede
2 Nen Loode \oekora P o+ Sefalerar dldsrida.
MMOnS ok Qq Log = L AR~ 283 D - L\Qdmx,;cb.
= 0-3L%b € » O=ick
NnQ: O . gswLs ¢ pue k.

So Q- e\ O‘W-\u\o. (wM Mo O OSKULLS Md’(ﬂf? vl M)(O«j

MOSS P 333

- Moler moss tadal = ——77 * —Zo T T 243l

‘(Y\% @ i
0 F= M s _colso  Mg: €O,
E- W\ O OO v 12
D= MSKQ\«\ - B M&O’DIX 55 b
. e @ B> W Q;\?\Ml
@ o C MSSO(‘ o Mj(kx \ | d—m-g
%f_c‘k%o% . S me\so Lz 0. OS\;'L\\_;*J

.'.W'B-; q-/g”—'}‘

O = {\I\QC‘L@O'S)L \ 0. OTR WY
J& \ Page 23 of 26 -~ Qb 44  crMR
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