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Section I: Multiple Choice

20 marks

Attempt Questions 1 — 20

Allow about 35 minutes for this part
Use the multiple-choice answer sheet

Sample 2 + 4= A 2 B 6 C 8 D P
A O B O C O D O

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

answer.
A @ B )( c O D O

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

v
A ® B ® C O D O




1. A system which has both mass and energy transfer across the boundary is called a(n):
A. Closed System
B.  Open System
C. Isolated System
D. None of the above

2. The relationship between Keq and temperature for an exothermic reaction is represented by

A. .
Keg Keg
Temperature Temperature
C D
Temperature Temperature

3. The solubility of Mn(I03), is 4.8 x107> M. What is the value of Ksp ?

A, 1.1x1077
B. 4.4x1077
C. 7.1x107°
D. 1.1x10

4. When comparing 1.0 M solutions of bases, the base with the lowest [OH™] is the:
A.  weakest base and it has the largest K, value.
B. strongest base and it has the largest Ky value.
C.  weakest base and it has the smallest Ky value.
D

strongest base and it has the smallest Ky value.



5. Consider the following solubility data.

Compound Solubility constant at 25°C
CuSO4 2.28 x 102
BaSO4 1.08 x 1071
CaSOq4 4.93 x 107

The order of cation concentration, from highest to lowest, is:
A. [Ba?*] > [ca?*| > [Cu?t]
(Ca?*] > [Cu®*] > [Ba?*]

Cu?*| > [Ca%"| > [Ba®*

o 0 =

Cu?*|>|Ba?*| > |Ca?t

J

6.  What is the advantage of a biofuel compared to a fuel derived from fossil fuels?
A. No energy is used to extract and isolate a biofuel from its source.
B.  The amount of energy per mole is greater for the biofuel compound.
C.  Only the biofuel is produced naturally in an endothermic reaction.
D

The biofuel can be replenished quickly using natural processes

7. A sample of compound M is analysed in a mass spectrometer where it forms the molecular

ion M" according to:
M+e — M+ 2¢e”

Some of the molecular ions fragment as follows.
M"— X" +Y and
M- X+Y*
The mass spectrum would show peaks due to the species
A, M, X, X* Yand Y'only.
B. M, X"and Y* only.
C. X"and Y* only.
D. XandY only.



8.  Pure water self-ionises as shown by the equation:

2H,0 ) = H30" (ag) + OH (ag)

The following table shows the value of the ionisation constant (Kw) of pure water at various
temperatures and at a constant pressure

Temperature (°C) 0 25 50 75 100

K, 1.1 x 10715 1.0 x 10-14 SR e 2.0x 10713 5.6 x 10713

\\4

Given this data, which one of the following statements about pure water is correct?
A. The [OH7] will decrease with increasing temperature.
B.  The [H3O"] will increase with increasing temperature.
C. Its pH will increase with increasing temperature.
D

Its pH will always be exactly 7 at any temperature.

9.  Consider the following two compounds.

Oy OH HH q
oo T G H oH L A =
S J 1 4 H—C—C—N
C—C—C—C—C | | \
L H
H OHH H H
Compound X Compound Y

Which of the following best describes the properties of compounds X and Y?
A.  Both compounds are acidic.

B.  Both compounds are basic.

C. Compound X is basic and compound Y is acidic.

D

Compound X is acidic and compound Y is basic.



Use the following information to answer Questions 10 and 11.

Hydrogen is produced on an industrial scale from methane. The equation for the reaction is

10.

Ml

12

2H0¢) + CHag) = COxg) + 4Hy(g)

The expression for the equilibrium constant for the reverse reaction is:

« _ H,0P [CH,]

A
[H,]* [CO,]
¢ [T [CO,)
[H,0]* [CH,]
o k- [HOl[CH,]

(H,]1[CO,]

_ 4H,][CO,]
2[H,0] [CH,]

[f the temperature remains constant and the volume of the equilibrium system is halved, the
immediate concentration of hydrogen will:

A. increase.

B. decrease.

C. not change.

D. decrease then increase.

Infrared spectroscopy detects frequencies of infrared light that are absorbed by a molecule.
These absorptions are based on

movement of electrons between molecular energy levels.
movement of electrons between different atomic energy levels.

bending or stretching of covalent bonds in molecules.

o0 w »

absorption of radiation by nuclei placed in a magnetic field.



13. Carbon tetrachloride, CCls is often used as a solvent in chemistry labs. Which statement

is false about CCls?

A. Itis anon-polar molecule.
Its main intermolecular forces are dispersion forces.

B
C. It has a tetrahedral shape.
D

It is the product of an addition reaction between methane and chlorine in the presence of

UV light.

14.  Which of the indicators listed in the table below would be most suitable for use during the

titration of ammonia with hydrochloric acid?

Indicator pH
0-4 5-6 7 8-10 11-14

Litmus red red purple blue blue
Methyl Orange red | orange yellow yellow yellow yellow
Phenolphthalein colourless colourless colourless pink | red red

A. Methyl orange

B. Litmus

C.  Phenolphthalein

D.  All three indicators would be equally suitable.

15. What is the correct relationship between the two molecules shown below?

S aw

They are functional group isomers
They are positional isomers
They are chain isomers

There is no relationship

H H
Lo H o' H H H O H
C /C\H H—(—0—(C—(
H | |
H H I




16.

1%

18.

Which combination could you use to prepare a buffer solution?
A. CH3COONaand HCOONa

B. NaNOs and HNO3

C. NaxSOgand H2SOq4

D. CH3COONa and CH3COOH

Which one of the following statements about 10.0 mL of 0.10 M HCIl and 10.0 mL of 0.10 M
CH3COOH solutions is true?

A. Each solution will have the same electrical conductivity.

B.  Each solution will react completely with 10.0 mL of 0.10 M NaOH solution.

C.  Each solution will react at the same rate with 1.00 g of magnesium ribbon.
D

The concentration of H3O" ions will be greater in the CH3COOH solution.

A student performed an experiment in which 100 mL of water was heated by burning
methanol in a spirit burner. What is the maximum change in temperature of the water when
0.500 g of methanol is completely combusted? (Assume all heat from the flame is absorbed
into the water). The enthalpy of combustion of methanol is -726 kJ/mol.

A. 0.027°C
B. 1.74°C
C. 27.1°
De 86.3%C



19. Aspartame is an artificial sweetener 200 times sweeter than sucrose. It is commonly used
as a sugar substitute in foods and beverages. Its chemical structure is shown below.

The names of the functional groups labelled I, II, III and IV are:

I 11 1 4
A Hydroxyl Amine Amide Carbonyl
B Carboxyl Amine Amide Ester
C Carboxyl Carbonyl Ammonia Ester
D Carboxyl Amide Amine Carbonyl

20. How would the concentration of Pb**(sq)ions in equilibrium with Pblys) be affected if the
concentration of I™ (aq) ions were doubled?
A. no change
B. increased by a factor of 2
C. decreased by a factor of 2
D. decreased by a factor of 4

End of Section I
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Question 21 (4 marks)

A student takes a 50.0 mL sample from a saturated solution of silver chloride which was
kept at 25°C.

(a) Write an equilibrium equation for solid silver chloride and its ions in solution.
(b) Calculate the mass of silver ions in the 50.0 mL sample.

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

Question 22 (3 marks)
Sodium hydrogen carbonate (NaHCO3) is an amphiprotic compound.

(a) Write TWO net ionic equations showing its amphiprotic behaviour.

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

(b) Identify ONE conjugate acid-base pair from your equations.

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

Hydrofluoric acid is a weak acid. The pH of a 0.025 M solution of hydrofluoric acid is 2.39.

(a) Calculate the Ka of the hydrofluoric acid.

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

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

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

(b) Calculate the pKa of the hydrofluoric acid.

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

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

(c) Calculate the percentage dissociation of the hydrofluoric acid.

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

.......................................................................................................
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Question 24 (7 marks)
(a) Consider the following reaction that is taking place in a 2.00 L closed reaction flask at 25°C:
Az (g +2Ba () = 2AB; (g

The following graph represents the changes in the number of moles of each gas in the flask
over the first 10 minutes

2.80 f i
240 i | |
U |
~ ; "!L-_L._.._' L z‘_‘_ i
g 2.00 —':'-——E— ‘ T—« - ¢+—0—f— ’ ’I“T_
5 le— L
2 5 LY Y ” - _ !
o 2t -
5 |
'G'é 0.80 % -
= ]
S 04071 =
|

time (minutes)

(i) Using data from the graph, determine the value of the equilibrium constant
(Keq) for the reaction. 3

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

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

Question 24 continues on page 15
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Question 24 (continued) udent Num

(i) Atatime of 15 minutes, some By (g was removed from the system. At 20 minutes, the
contents of the reaction flask were analysed and the following data were obtained.

[A2] =1.05 mol L™
[B2] = 0.40 mol L}
[AB2] = 0.30 mol L™

Determine if the system has reached equilibrium at 20 minutes and describe the rates
of the forward and reverse reactions at this time?

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

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

(b) Consider the equilibrium system involving the oxidation of nitric oxide

2NO (g) + 02 (g) = 2N02 (g) AH = -556kJ

If the temperature was increased at time t, determine the effect on the position of
equilibrium and complete the graph to show how the change will affect the concentration
of reactants and product. y

(i)  Effect on equilibrium position:

(ii) T ,
(NO] v
= :
E. (02) P
: .
o ;
g [NO]
E e —————e — . — — — — —
Q %
e ’
8 »
0 t TIME

(minutes)



Question 25 (7 marks)

A pharmaceutical manufacturer claims that their pain-relieving tablets contain 100% aspirin. To
determine the actual percentage by mass of aspirin in an aspirin tablet, the following procedure,
involving a back titration, was used.

Step 1: Three aspirin tablets, each with a mass of 300.0 mg, were crushed and dissolved in excess
sodium hydroxide solution. Exactly 100.0 mL of 0.204 mol L™! solution of sodium hydroxide was
used. The mixture was boiled to ensure complete reaction.

Step 2: The excess sodium hydroxide solution was titrated with hydrochloric acid as follows: 20.0
mL of the solution from step 1 was pipetted into a conical flask and 0.125 mol L™! hydrochloric acid
was placed in the burette. The indicator, phenolphthalein, was used and an average titre of 17.89
mL of hydrochloric acid was required to reach the end-point.

(a) Calculate the number of moles of sodium hydroxide added in step 1. 1

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

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

(b) Calculate how many moles of sodium hydroxide reacted with the aspirin. 3

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

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

Question 25 continues on page 17
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Question 25 (continued)

(¢) Each aspirin molecule requires two hydroxide ions for complete reaction. Calculate the
percentage by mass of aspirin in one aspirin tablet. (The molar mass of aspirin is
180.154 g mol ™))

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

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

End of Question 25
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Question 26 (8 marks)

Dacron is the trade name for a common polyester used in making clothes and water bottles. Part
of its structural formula is given below:

O

e 0
—c—@—C—D—CH —CH.—0—C—~)—C—O0—CH—CH,—0—

(a) Draw the structural formula for the two monomers that react to form this polymer.

Monomer one:

Monomer two:

(b) Name the other product of this polymerisation reaction.

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

Question 26 continues on page 19
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Question 26 (continued)

(c) Predict the effect on the polyester’s rigidity and melting point as the polymer chains
increase in length. Explain your predictions.

sessssssssssrssssanasnas seassasennas e R R L T ssrsssssssssnsssaanans
::.'.::.:::::::::::::::::::.::'..:.:'::'.:::::::i::::".:::::::::::::::::::::::.'::".:'.":":'.":.“
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

T L L T R L T
:::::::::::::"l-::'::':'::"'::":':'-:.":..':::'::'::"::'::"::::::::::::::::.':::::::::::.:.-:l'j
::::::::::::::::::::'::':'::.l:':.::"::i:'.:::':::'::':::.':'::::::::::::i::::::::'::::-':...l:":"“

(d) The structure of addition polymers can be modelled using Molymods. Outline an
advantage and disadvantage of using models in science.

T T R ressenaan . resanarean Prrssrasan srerssssansaan R terrasanen seaaans
:::::::::::::::::::::::::::::::::::::::::::::::::::i::::::::::::::::::::::t::::::::::::::::::::::::::
T L L T I PR B T PR e
-.':.:-.:.:":::j:::::::::::::'::::::::::::::::::::.::":':::::::::::::::::::::::::::::::::::::::::':
::::::::::::::::i::::::::::::::::::::::::::::::'::.:::::::::::::.:'::::::::::::::::::::::::::::::i:t::
......................................... ;;;;(;-;;:;$;;;;;;;;;.;;;.....-.........-.--................u

s B



Question 27 (11 marks)

The flowchart below illustrates the processes involved in the synthesis of some organic compounds.

Compound A
CsHe
Dil. H,S0,
i i
.
Compound B I Compound C '
H*/MnO,* | H*/MnO,*
l i
Compound D | Propan-2-one l
|
H’/Mnoaz'i
Compound E ) x ‘
Methanamine — [ Process 2
+ +——————— Propanoic acid J—— r— | ethanol [+ 1 Glucose
H,0 Process Y
Compound F
(a) Using IUPAC nomenclature, identify each of the compounds listed in the flow chart. 6
Compound IUPAC name
A
C
D
E
i

Question 27 continues on page 21
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Question 27 (continued) Student Number

(b) Draw full structural formula for Compounds E and F.

Compound E Compound F

(¢) Identify processes Y and Z. Give TWO experimental conditions that are required for
each of these processes to occur.

Process Experimental Conditions

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

End of Question 27
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Question 28 (4 marks)

Compare the uses, structure and properties of soap and anionic synthetic detergents. Include
a diagram in your answer.

vense s I B R R
............................................................... R I I IR I veeaa .
. . 0 . e R sarsasaa s e srsrsaanaas . traseaas ses s aan Pevsasasaraaan [(EEEET)
.......... R T R R R T S e T T T T T I S I I L T S .
sranes B R e . B reaan R T I T
............................................................. T o i e R S e
I T R T T T R T R R I A R I I R I S R T R I T R R
................................... T T T S T I R L R
............. R T R R T T R T T T I S e S R S I I S ST S I I T SR P S S R R |
T R sersarnan Paaean B T
................................................................................ R T P R .
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Question 29 (7 marks) uaent Number

Hex-1-ene gas burns in oxygen to produce carbon dioxide and water vapour.
CeHiz (g + 902 () = 6CO2 (g) + 6H20 (g)

(a) The change in enthalpy for this reaction is -3773 kJ/mol (25 °C, 100 kPa). State if this
change in enthalpy favours a spontaneous reaction and justify your answer.

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

-------------------------------------------------------------------------------------------------------

(b) The change in entropy for this reaction is 188 J/mol (25 °C, 100 kPa). State if this
change in entropy favours a spontaneous reaction and justify your answer.

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

(c) Determine if this reaction is spontaneous at 25 °C. Use a calculation to support your
answer.

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

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

o



Question 30 (4 marks)

Most plants contain pH-sensitive pigments, making some of them ideal for use as a natural
indicator. During the course of your study you have prepared and tested a natural indicator.

(a) Outline the method you used to prepare a natural indicator.

I I R R R AT S R IY

........................................... D R R R R R R

(b) Explain why the natural indicator solution you prepared can be used to qualitatively
determine the acidity or basicity a solution. In your response, include a suitable

chemical equation.

............... Pasrsasa s aan it R T T
.............................................................................................. srasanans
I R R R I I I I I R R I
......................................... R R N R S R T S R S P S P R P R I S R
v v . R R I R IR R AR Carsa s T R R R T T S S I S R i S S
............................ D I T v R I
......... R RN R TR T R I I i A S P e PP,
FaamEesn Pesssanann T R I I I R I
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Question 31 (5 marks) udent Numbe

Hydrogen sulfide, in solution, is a diprotic acid and ionises in two stages.
H,S(aq) + H,O() = HS-(aq) + H;0%(aq) K,; =96 x 10 M
HS(aq) + HyO()) = $*(aq) + H;0"(aq)  K,,=13x104M

A student made two assumptions when estimating the pH of a 0.010 M solution of H»S:

1. The pH can be estimated by considering only the first ionisation reaction.

2. The concentration of H»S at equilibrium is approximately equal to 0.010 M.

(a) Explain why these two assumptions are justified.

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

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

(b) Use the TWO assumptions given above to calculate the pH ofa 0.010 M solution of H5S.

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

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

= U=
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Question 32 (6 marks)

The boiling points of similar molar mass straight chain alkanes, primary amines and straight chain
carboxylic acids listed in the table below.

Alkane Amine Carboxylic acid
Molar Mass | Boiling Point | Molar Mass | Boiling Point | Molar Mass | Boiling Point
(g/mol) °C) (g/mol) °C) (g/mol) C)
58 -1 59 49 61 118
72 36 78 78 74 141
86 69 87 104 88 164
100 98 102 132 102 186
114 126 115 155 116 205

(a) On the grid below, plot the boiling point data for each homologous series. Construct a

line of best fit for each data sets. 3
B 1 i 1k 0 I T2 i L L] L Ll
1 l |
] i L i [
i gl i HEN
i i i
i (i 0 DR i B 1 EEN 11 mEE| &
i) W ] ! i §
T SN ENEEN SN sEeEEE ‘)
11 i 1
1 1
[ i AREEEERE |1 i
! ANENNE i ] NN LR
-1t N RGN +H-H-H ﬂ._iﬁ
4 ] |
2 T
: 1 0 0 N =) 2
]
] HHHHH 1
SNEISEESSERSERIERS sasEEEEESS EEE 1]
] ! !
| = I’ } i
1 ] 1
] F T i 1 1 |
iSRS I2 ! LK
5 S N EEENE 4 SN EEEEEEEEI i
1 EEESEE EEESS :
i ] i | ‘} 1 4
= 1_.__. - - - - - = ..-1_.5—. - .- - ..‘I.._..._
3 Ll id Ly == . EmEN 11
! 1 |
iE —i] | e | 551 1 f
1L W [ 1 o N L L
) L EEEES EEEEEE.S i
fEWmE. = 1 IR R ._%._h__.ﬁ 1
- - | |
] L 4 + !
] ] Eaus L1 ] 1
» o
! e o e . m S %E
- L
nus K ! ] - nEEN IJ‘

Question 32 continues on page 27

= 9d -



Student Number

Question 32 (continued)

(b) Identify and explain any trends evident in the graph for all three homologous series.

. R Bessesaassaannan T T T I R S P R S e S S P S S S R
........................................................................................... dearsarsaas
..... I R T s sssassat s s st st R is s Nnabanas
e EEEEEEEE Y R L T T R I T
................................................ R I I wew e sesaaasan
. . R R R seRd e raaenass Besdsissassdsenba st s s ta e s bad
R Besssareeraanan B I R e
R R R R I I R R
................................................ T R S I R I R T I I
....... B T T T P S S T S e S N S S G I T I S I R
.................... I R I I D I .e

R R I I serssaseaanan R R I I

End of Question 32
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Question 33 (4 marks)

A solution is made by mixing 500.0 mL of 0.12 M NaOH solution with 500.0 mL of 0.10 M
Mg(NO3).

(a) Write a balanced chemical equation for this reaction.

(b) Determine if a precipitate will form as a result of mixing these solutions. Support your
answer with relevant chemmical equations.

.......................................................................................................
.......................................................................................................
.......................................................................................................
.......................................................................................................
.......................................................................................................
.......................................................................................................
.......................................................................................................
.......................................................................................................
.......................................................................................................
.......................................................................................................
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Question 34 (6 marks)

Both spectra shown below are of the same unknown organic compound.

IR spectrum

100 ] [\ f\
S ]
Q -
O
(=}
= i
p= )
€
(73]
(=
o
l—

0 4000 3000 2000 1500 1000 500

Wavenumber (cm?)
Mass Spectrum
1007

2 80

5

=

£ 60

e

B8

32 40

20
10 15 20 25 30 35 40 45 50 53] 60
m/z

(a) What functional group is indicated by the absorption band between 3200 and 3500 cm™'?

(b) From the IR spectrum, how can we be sure the organic compound is not a ketone or
aldehyde?

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

(c) Identify the relative molecular mass of the unknown compound.

.......................................................................................................
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Question 34 continues on page 30
Question 34 (continued)

(d) On the basis of the functional group identified from the IR spectrum and the relative
molecular mass of the compound, identify the unknown compound. Explain your reasoning. 3

.......................................................................................... IR
...................................... B I I R . sennn 0 rerer s sranenaay '
Besaearearaa s DO Beddsassarsas st satbas T T T T T T TR e
Besreare e sereaan T I sean TR BesssEEsaBsE BB E R E R R o
B S R T S T e R I T R e e e T S R R R I R T e
................................... D R I B R I
R R I R I R AR R T T T

End of Paper
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1. A system which has both mass and energy transfer across the boundary is called a(n):

A. Closed System

@ Open System

C. Isolated System
D. None of the above

2. The relationship between Keq and temperature for an exothermic reaction is represented by

@ B.

K, Ky
Temperature Temperature
C D.
Kt’q K" q J\_
Temperature Temperature

3. The solubility of Mn(103), is 4.8 x10™> M. What is the value of Ksp ?

A, 1.1x1077
CBD 44x107
C. 7.1x107°
D. 1.1x10

4. When comparing 1.0 M solutions of bases, the base with the lowest [OH™] is the:
A. weakest base and it has the largest Ky value.
B.  strongest base and it has the largest Ky, value.
@ weakest base and it has the smallest K; value.

D. strongest base and it has the smallest Ky value.



5. Consider the following solubility data.

Compound Solubility constant at 25°C
CuSO4 2.28 x 10
BaSO4 1.08 x 10°1°
CaSOq 493 x 107

The order of cation concentration, from highest to lowest, is:
A. [Bazﬂ > [Ca2+: > :Cu2+:
B. [Ca®*]>[Cu®]> [Ba®]
C’C?{Cu“; > [Ca2+: > :Ba2+:
D. [Cu2+: > [Ba2+: > iCa2+:

6.  What is the advantage of a biofuel compared to a fuel derived from fossil fuels?
A. No energy is used to extract and isolate a biofuel from its source.
B.  The amount of energy per mole is greater for the biofuel compound.
C.  Only the biofuel is produced naturally in an endothermic reaction.

@The biofuel can be replenished quickly using natural processes

7. A sample of compound M is analysed in a mass spectrometer where it forms the molecular
ion M* according to:
M+e — M"+2e”

Some of the molecular ions fragment as follows.
M* — X*+Y and
Mt X+Y*
The mass spectrum would show peaks due to the species
A. M X, X", Y and Y* only.
M*, X" and Y* only.
C. X'and Y' only.
D. Xand Y only.



8.  Pure water self-ionises as shown by the equation:

2H,0 () & H30" (ag) + OH (aq)

The following table shows the value of the ionisation constant (Kw) of pure water at various
temperatures and at a constant pressure

Temperature (°C) 0 25 50 75 100

K, 1.1 x 10713 Lox 1074 | 55x107% | 2.0 108 | 56% 1013

Given this data, which one of the following statements about pure water is correct?

A.  The [OH] will decrease with increasing temperature.

The [H30"] will increase with increasing temperature.

C. Its pH will increase with increasing temperature.

D. Its pH will always be exactly 7 at any temperature.

9.  Consider the following two compounds.

O\\ /OH H H H
o, S H  on L L4
S H—C—C—N
C—=C=—C=—=C—( | | X
g 11 1 X5 H
H OHH H H
Compound X Compound Y

Which of the following best describes the properties of compounds X and Y?
A. Both compounds are acidic.
B.  Both compounds are basic.

C. Compound X is basic and compound Y is acidic.
@ Compound X is acidic and compound Y is basic.



Use the following information to answer Questions 10 and 11.

Hydrogen is produced on an industrial scale from methane. The equation for the reaction is

2H,0) + CHyg) = COxg) + 4Hy(g)

10. The expression for the equilibrium constant for the reverse reaction is:

) o [H,OP [CH,]

— [H,)*[cO0,]

_ [H,1* [CO, ]
[H,0 [CH,]

_[H,0] [CH,]

K
£ [H,1[CO, ]

_ 4[H,][CO,]
2[H,0] [CH,]

11. If the temperature remains constant and the volume of the equilibrium system is halved, the
immediate concentration of hydrogen will:

increase.

B. decrease.
C. not change.

D. decrease then increase.

12. Infrared spectroscopy detects frequencies of infrared light that are absorbed by a molecule.
These absorptions are based on

A. movement of electrons between molecular energy levels.
B. movement of electrons between different atomic energy levels.
@bending or stretching of covalent bonds in molecules.

D. absorption of radiation by nuclei placed in a magnetic field.



13.  Carbon tetrachloride, CCly is often used as a solvent in chemistry labs. Which statement
is_false about CCls?

A. Itis anon-polar molecule.

B.
C;

[ts main intermolecular forces are dispersion forces.

[t has a tetrahedral shape.

D. / Itis the product of an addition reaction between methane and chlorine in the presence of

UV light.

14.  Which of the indicators listed in the table below would be mi0st suitable for use during the

titration of ammonia with hydrochloric acid?

Indicator pH
0-4 5-6 7 8-10 11-14
Litmus red red purple blue blue
Methyl Orange red | orange yellow yellow yellow yellow
Phenolphthalein colourless colourless colourless | pink | red red
Methyl orange
B. Litmus

C.  Phenolphthalein
D.  All three indicators would be equally suitable.

15. What is the correct relationship between the two molecules shown below?

H H
N/
e i 2 = H H O H
H™ \é/ \C/ | T
~ H C ! C & H

W | |
o o H o H

|

H

A. They are functional group isomers
B.  They are positional isomers

C.  They are chain isomers

There is no relationship



16.  Which combination could you use to prepare a buffer solution?
A. CH3COONaand HCOONa
B. NaNOs3 and HNO3
C. NaxSO4and H2SO4

< D> CH3COONa and CH;COOH

17.  Which one of the following statements about 10.0 mL of 0.10 M HCl and 10.0 mL of 0.10 M
CH3COOH solutions is true?

A. Each solution will have the same electrical conductivity.
Each solution will react completely with 10.0 mL of 0.10 M NaOH solution.

C.  Each solution will react at the same rate with 1.00 g of magnesium ribbon.

D.  The concentration of H3O" ions will be greater in the CH3COOH solution.

18. A student performed an experiment in which 100 mL of water was heated by burning
methanol in a spirit burner. What is the maximum change in temperature of the water when
0.500 g of methanol is completely combusted? (Assume all heat from the flame is absorbed
into the water). The enthalpy of combustion of methanol is -726 kJ/mol.

A, 0.027°C

B. 1.74°C
C eoicc

D. 363°C



19. Aspartame is an artificial sweetener 200 times sweeter than sucrose. It is commonly used
as a sugar substitute in foods and beverages. Its chemical structure is shown below.

The names of the functional groups labelled I, II, III and [V are:

I 11 i v
A Hydroxyl Amine Amide Carbonyl
Carboxyl Amine Amide Ester
S Carboxyl Carbonyl Ammonia Ester
D Carboxyl Amide Amine Carbonyl

20. How would the concentration of Pb**(aq)ions in equilibrium with Pbly, be affected if the
concentration of I” (aq) ions were doubled?

A. no change
B. increased by a factor of 2

C. decreased by a factor of 2

decreased by a factor of 4

End of Section I



Question 21 (4 marks)

A student takes a 50.0 mL sample from a saturated solution of silver chloride which was
kept at 25°C.

(a) Write an equilibrium equation for solid silver chloride and its ions in solution.

........... A= g o) £ LT 09)

(b) Calculate the mass of silver ions in the 50.0 mL sample.

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

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

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

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

Question 22 (3 marks)
Sodium hydrogen carbonate (NaHCO3) is an amphiprotic compound.

(a) Write TWO net ionic equations showing its amphiprotic behaviour.

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

(b) Identify ONE conjugate acid-base pair from your equations.

LOs Mg O Bt ol

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

= 12~
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Question 23 (4 marks)

Hydrofluoric acid is a weak acid. The pH of a 0.025 M solution of hydrofluoric acid is 2.39.

(a) Calculate the Ka of the hydrofluoric acid.

(b) Calculate the pKa of the hydrofluoric acid.

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

(c) Calculate the percentage dissociation of the hydrofluoric acid.

q
.................................... = L"ﬂ/ 192 = 6.3 o
d, ol$ l

- 4.



Question 24 (7 marks)
(a) Consider the following reaction that is taking place in a 2.00 L closed reaction flask at 25°C:
Az (9t 2B2 (9 = 2AB; (g

The following graph represents the changes in the number of moles of each gas in the flask
over the first 10 minutes

2.80 | —= —;—

2.40 | f |

; A—E‘fg ‘ L

= RATTT ey B

° 2.00 *_'E'—_—ug‘"+'rﬁ-9--?-f—’-ﬂ-ﬂ.g.._..r

& IS

2 1.60 Y I He M I B R

E N~ B
8 0.80%
g i
s 0407

0 —

10

time aninutes)

(i) Using data from the graph, determine the value of the equilibrium constant
(Keq) for the reaction. 1 3

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

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

Question 24 continues on page 15
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Question 24 (continued)

(i) Atatime of 15 minutes, some B; g was removed from the system. At 20 minutes, the
contents of the reaction flask were analysed and the following data were obtained.

[A2] =1.05 mol L
[B2] = 0.40 mol L!
[AB2] = 0.30 mol L'

Determine if the system has reached equilibrium at 20 minutes and describe the rates
of the forward and reverse reactions at this time?

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

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

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

(b) Consider the equilibrium system involving the oxidation of nitric oxide

2NO ) + O, () & 2NO, (2) AH =-556k]J

If the temperature was increased at time t, determine the effect on the position of
equilibrium and complete the graph to show how the change will affect the concentration

of reactants and product. 2
(i) Effect on equilibrium position: d\
........ s.k,.?..\...\x.ff.f..b.q\.p.\é.ww...?...................
(i) p | et
N0} ~liy
[OZ] ) ;,—- ________

concentration (mol/L)

Y

TIME
(minutes)



Question 25 (7 marks)

A pharmaceutical manufacturer claims that their pain-relieving tablets contain 100% aspirin. To
determine the actual percentage by mass of aspirin in an aspirin tablet, the following procedure,
involving a back titration, was used.

Step 1: Three aspirin tablets, each with a mass of 300.0 mg, were crushed and dissolved in excess
sodium hydroxide solution. Exactly 100.0 mL of 0.204 mol L™! solution of sodium hydroxide was
used. The mixture was boiled to ensure complete reaction.

Step 2: The excess sodium hydroxide solution was titrated with hydrochloric acid as follows: 20.0
mL of the solution from step 1 was pipetted into a conical flask and 0.125 mol L' hydrochloric acid
was placed in the burette. The indicator, phenolphthalein, was used and an average titre of 17.89
mL of hydrochloric acid was required to reach the end-point.

(a) Calculate the number of moles of sodium hydroxide added in step 1. 1

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

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

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

(b) Calculate how many moles of sodium hydroxide reacted with the aspirin. 3

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

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

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

Question 25 continues on page 17
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Question 25 (continued)

c¢) Each aspirin molecule requires two hydroxide ions for complete reaction. Calculate the
P q y p
percentage by mass of aspirin in one aspirin tablet. (The molar mass of aspirin is

180.154 g mol™)) 3
‘- "
........ ’\(M\f\ﬂ)'\bl\_):tib\»“‘ma\
=

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

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

if\:\*\(qbu\'ﬂxﬂﬁ‘m‘ ..... ~7’7‘7$3:7’% R ™

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

End of Question 25

=192



Question 26 (8 marks)

Dacron is the trade name for a common polyester used in making clothes and water bottles. Part
of its structural formula is given below:

0 0 0 0
- —{—C—0—CH—CH,—0—C—~()—C—0—CH—CH—O—

(a) Draw the structural formula for the two monomers that react to form this polymer.

Monomer one:

o Q
i\ \
V- - C ‘c—Q—H

Monomer two:

b
! '
K-0-C-c-o-H

\ I

W M

(b) Name the other product of this polymerisation reaction.

Question 26 continues on page 19
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Question 26 (continued)

(c) Predict the effect on the polyester’s rigidity and melting point as the polymer chains
increase in length. Explain your predictions. 3

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

,,,,,, ( onnal o\n)?%\;« ?crd&) \(\\\'LL U\\s)r Be‘\\rﬂ'\ L\r\a(ms ’

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

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

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

(d) The structure of addition polymers can be modelled using Molymods. Outline an
advantage and disadvantage of using models in science. 2

Puetanes’® e .g.*.e......\l..l.s.wy\.b’?..1!&...mﬂ!<.\.xcj....%o.l...E.r?.@.k.lo.?

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

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

End of Question 26
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Question 27 (11 marks)

The flowchart below illustrates the processes involved in the synthesis of some organic compounds.

Compound A
CsHg
Dil. H,50,
|
Compound B I I Compound C |
H*/Mn0,> | H*/MnO,*
| Compound D | | Propan-2-one |
H*/Mn0O,%
Compound E _ v :
N . Methanamine p . id I | -fletTnol< Process Z r——
H,0 Process Y
(a) Using IUPAC nomenclature, identify each of the compounds listed in the flow chart. 6
Compound IUPAC name
A
pro ot nk
B "
g1
C Arof)n -~ 1' Q\
D | \
P roPcm o
E
N- i} »\‘\ \ m?vmwo\\d‘l
B
‘P*\'\u\ i\f‘QﬂQ’\QO\*(

Question 27 continues on page 21
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Question 27 (continued)

(b) Draw full structural formula for Compounds E and F.

Compound E Compound F
W “‘ 0 \ b9y )

' 2 . R N
\J(*L*L—LH“"T‘“ W-(-¢-0-C-(-C-¥
¢ ! ro .

N L JL b

(c) Identify processes Y and Z. Give TWO experimental conditions that are required for
each of these processes to occur.

Process Experimental Conditions

wellyx kgk\dax

cone NS0y

(S TN\ T \9\( \6\0\3"

-4 3l 8

End of Question 27
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Question 28 (4 marks)

Compare the uses, structure and properties of soap and anionic synthetic detergents. Include
a diagram in your answer. 4

.fgf.t.!.s...\.s.\.)(\x..m.—..pe\sw....s.\.o.\o;}.o.\.«:m...\.- ...... .q}\...o.r...g)r.ms&..l....\r@\.a.\&..iﬂi .....
L\'\W'db\\\%gmupsf\dmm%fﬁll&\h m-asz/\\mw\\'\ w}\x

..... WGNUJ{“\L\'\U:AM\&\\Q

-------------------------------------------------------------------------------------------------
....................................................

O\\Sowﬁ\(“()\(\c\\(wm)&f %*\LQA“AO*\aﬂoNP 'cdcva{Ui ;

------------------

...... \ vﬂPSO**w%dv\yw?US““\\ﬁvwrﬂ\a\/\'\&)%\\l do \
/\o\ R ma YM l\d*d"v\\ \V)GJ\\S o'.\b {'R\M N s\in . ﬁe U?’\S
ot ~ct P\'Q"'\' O‘A (o r\c\\'\)l u.sQ(}\ ‘\0 (\’QO'\ \’\J, sk~ \)v\'\'
ettad et wsts swhooos \aw\,\cl.\J stmam)fs md

J\@s\wk»b\a‘w} \\"V‘«W\S ; )
i L ydephil bod

onionil MU‘&%\- ” 50_; \\\ﬁc)\ro?l\\\\\( \W’\d

\\\SO\R?\“»))L \'Q\‘\\ - &QP}AW#UMJQLUS
iR
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Question 29 (7 marks) udent Number

Hex-1-ene gas burns in oxygen to produce carbon dioxide and water vapour.
CeHi2 () + 902 (g) — 6CO2 (g + 6H20 ()

(a) The change in enthalpy for this reaction is -3773 kJ/mol (25 °C, 100 kPa). State if this
change in enthalpy favours a spontaneous reaction and justify your answer. 2

(b) The change in entropy for this reaction is 188 J/mol (25 °C, 100 kPa). State if this
change in entropy favours a spontaneous reaction and justify your answer.

NQn\fcvj Lkm%u;{\os)\rﬁﬁmf(or\cj\'w{”, CL‘«“S

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

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

(¢) Determine if this reaction is spontaneous at 25 °C. Use a calculation to support your 3
answer.

......................................................................................
.....................................................................................................
......................................................................................................
.......................................................................................................
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Question 30 (4 marks)

Most plants contain pH-sensitive pigments, making some of them ideal for use as a natural
indicator. During the course of your study you have prepared and tested a natural indicator.

(a) Outline the method you used to prepare a natural indicator.

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

......... S T L
3 TR el .P,.e.us...\,m....\.a.s_,.\.a.c)\...-}_\_.._a.f.\..qv._k..v.a.s&t_c.
)(QQC\*‘WN ..... ? .\.{.L!A....{C..f ...... v .‘.f.r.s\).\m.wi’.v ........ li«v\“S

R T Sobabn wms Nab\ml'\d}eﬂrv\t\ﬂm
L“b‘;wa'\ ...... )iﬂ.\.‘\i}. ...... Lﬁl(f.x.\!.'.'.\.......q.r.\ ..... %\1’\@&‘ ......

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

(b) Explain why the natural indicator solution you prepared can be used to qualitatively
determine the acidity or basicity a solution. In your response, include a suitable
chemical equation.

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

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

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

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

No\ura\ \.J\\(st oa AT w{c\k CA;\(Js v h Wd‘l(
v B Q\\L\wv\j Q(V\Aukm\ g

LA ’:— \\3( A jf\—-
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Question 31 (5 marks) u umber

Hydrogen sulfide, in solution, is a diprotic acid and ionises in two stages.
H,S(aq) + H,0(l) = HS~(aq) + H;0%(aq) K, =96 x10°%M
HS™(aq) + HyO(l) = §**(aq) +H30%(aq) K, =13 x 1074 M

A student made two assumptions when estimating the pH of a 0.010 M solution of H,S:
1. The pH can be estimated by considering only the first ionisation reaction.

2. The concentration of H2S at equilibrium is approximately equal to 0.010 M.

(a) Explain why these two assumptions are justified. 2

Assumption 1:. T\’\L . .K.G.\l. V“\“‘"\S RS M‘\ e “\Iﬂ L ’\QS .l! S‘Ibm
........... peodacks foerd Koo Phussetond ok Thag mmoas
..E\i.s.'.).'.\.s....v'.\.r.‘r..v.ax.\\..ﬂ....t.o.\.l..o.\.s.{a\....Eqs.....\wi\\...rm.thé.n.s.....9.5....\.*.L\.lsoﬂ

Assumptior} 2% .. KO\ A U 13.. 5‘«“““’\*\‘\ LS N\O\\\ ...... )( \»\0\* ..... Jf\\&

(b) Use the TWO assumptions given above to calculate the pH of a 0.010 M solution of H>S. 3

=225 s



Question 32 (6 marks)

The boiling points of similar molar mass straight chain alkanes, primary amines and straight chain
carboxylic acids listed in the table below.

Alkane Amine Carboxylic acid
Molar Mass | Boiling Point | Molar Mass | Boiling Point | Molar Mass | Boiling Point
(g/mol) °C) (g/mol) °C) (g/mol) °C)
58 -1 59 49 61 118
72 36 73 78 74 141
86 69 87 104 88 164
100 98 102 132 102 186
114 126 115 155 116 205
(a) On the grid below, plot the boiling point data for each homologous series. Construct a
line of best fit for each data sets. 3
) L L] 0 N VD O A { L I di
4 L L i
ENESENNRES NSNS N 051 0,
o i 8 ssas: x = alkent
AR . = amik
I : 1] 1 ] ] | I . h ¥
2\0 mmmmmmn s ame e nmmen e amnn e nuns SRR
ERass 4 RN ‘il ¥ 1 il ki A i i I I aul
1 O O O il 1 3 i 0 YL 2 3 il il I 3 I |
180 . ammEEn
=5 ENRE I IRENNE RERRE Y GEH IR ERIEEE
11 1] ] L)L EEEEEHE RN R
HESEEEENE S = EENY ./ SREEE S EE]
150 1 i - = B i z 1 AL nE
—- L “ 4 i_.. Il._ﬁ - - . _/J& 1 - __ il *; _,... _]-,_
</ \10 —Y _—I __:'!{._ =i EREEREEREE - ; iva A/i"dr' v i E a5
o T 5 I . . / i
’7_‘- r 1T L 1 - = J” ;:H—I - - - ’_w ‘;/r' L‘?-.— .I-.;E - Ii l .! -
6 qo i I [ 15 0 5 o B ;_ - % i I /l 7450 W I W il B
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| 11 Z | | o
o L H A2 . ..
S0 T T Ty T
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) l THTH THH T
1 A i
L - Y 4 | !
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=N -0 1o 30 S9 7 Yo uo 130
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7

Question 32 continues on page
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Question 32 (continued)

(b) Identify and explain any trends evident in the graph for all three homologous series. 3

..........................................................................
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End of Question 32
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Question 33 (4 marks)

A solution is made by mixing 500.0 mL of 0.12 M NaOH solution with 500.0 mL of 0.10 M
Mg(NO:3)s.

(a) Write a balanced chemical equation for this reaction. 1
TNl [ ...x....."33(.!‘.(.‘.:3).1.[.zq)...TQ...LNQ.'.JS\.;.(.&«)...&...’.‘ﬁ.g(.‘.‘..)l(s)
(b) Determine if a precipitate will form as a result of mixing these solutions. Support your
3

answer with relevant chemical equations.

I\(Mgu)' ’\(”\j ( N(\ng:(X\,"l D T mq‘MjH

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

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

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

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

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

.......................................................................................................
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Question 34 (6 marks)

Both spectra shown below are of the same unknown organic compound.

IR spectrum

100 ]
g
o] -
[8)
C =
15
=
E
wn
[<
a
|_
i
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Wavenumber (cm™)
Mass Spectrum
100t
2 80
@
i)
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=
=
é’ 40
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m/z

(a) What functional group is indicated by the absorption band between 3200 and 3500 cm™? 1

drowl (. L.\:ﬁ.\. Hunchiensl. LN sited aafh olcqhal

(b) From the IR spectrum, how can we be sure the organic compound is not a ketone or
aldehyde? 1

...............................................................................................
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Question 34 continues on page 30

Question 34 (continued)

(d) On the basis of the functional group identified from the IR spectrum and the relative
molecular mass of the compound, identify the unknown compound. Explain your reasoning. 3

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

....w.\.c).\..o.o ..‘.Sf.c.r...s.c.\.sl.i...(.}5.9.9....}.999) ...... I.‘.v.«.ﬁ..mw.\.s. ..........
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End of Paper
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