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SECTION | : MULTIPLE CHOICE (20 marks)

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 Which of the following statements about collision theory is ALWAYS true?

(A)

(B)
(©)
(D)

An increase in temperature will increase the chance of collision and
therefore result in more products being formed.

Increasing the rate of collisions increases reaction rate.
A catalyst will increase the rate of collisions between reactant particles.

The greater the energy of collision, the less likely a reaction will occur.

2 Consider the equilibrium system below:

wWW + xX =vVyY +zZ

At equilibrium, which of the following statements is true?

(A)
(B)
(&)
(D)

W+X=y+2z
[W]+[X]=[Y]+[Z]
the forward rate of reaction = the reverse rate of reaction

the forward activation energy = the reverse activation energy

3 The immediate effect of increasing the temperature of an equilibrium system will

be:

(A)

(B)
(©)

(D)

an increase in the rate of the endothermic reaction and a decrease in the
rate of the exothermic reaction.

an increase in the rate of both the endothermic and exothermic reactions.

an increase in the activation energy of both the endothermic and
exothermic reactions.

an increase in the activation energy of the endothermic reaction and a
decrease the activation energy of the exothermic reaction.
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4 Which of the following will change the value of the equilibrium constant (Keq)
for a gaseous reaction?

(A) Addition of heat.
(B) Addition of a catalyst.
(C) Addition of a reactant.

(D) Addition of an inert gas at a constant volume.

5 What is the correct equilibrium expression for the reaction shown below?

N2(g) + 3H2(g) = 2NHs(g) + 92 kimol™

(A) Keqg = %;[ji]
B) Keq = %
©) Keqg = %
D) Keq = %

6 A saturated solution of AgCl is maintained at a constant temperature. Solid
soluble NaCl is added to this solution. What happens to the Ag™ and CI” ion
concentrations in the resultant solution compared to the initial solution?

(A) Ag" concentration increases and CI~ concentration remains the same
(B) Ag" concentration increases and CI~ concentration increases
(C) Ag" concentration decreases and CI~ concentration increases

(D) Ag" concentration decreases and CI~ concentration remains the same
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7 If HCI and H2O react with each other in an acid-base reaction to form their
Bronsted-Lowry conjugates, the products would be:

(A) HCland H30*
(B) CI and OH"
(C) Ha, Cl; and OH-
(D) CI and HzO*

8 The graph below shows four indicators and their colours at different pH values.

bromophenyl blue yellow ‘ blue

bromocresol purple yellow purple

thymol blue yellow | blue

alizarin yellow R yellow | | red

Which indicator would be most appropriate for a titration between dilute KOH
and dilute propanoic acid?

(A) bromophenyl blue
(B) bromocresol purple
(C) thymol blue

(D) alizarin yellow R
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10

11

As a solution of NaOH is gradually added to a solution of HCI at a constant
temperature, the product of [H3O*][OH]

(A) increases

(B) decreases

(C) remains constant

(D) fluctuates depending on the rate that the NaOH is added

If a solution (at 298 K) has a hydroxide concentration of 1 x 10° M, then this
solution will be:

(A) basic with a pH of 9.

(B) basic with a pH of 5.

(C) acidic with a pH of 9.

(D) acidic with a pH of 5.

Which of the following combinations will form a buffer solution?

(A) NaOH (aq) / Na* (aq)

(B) H2POs (ag) / HPO4? (aq)
(C) HNOz (aq) / NOs™ (aq)
(D) H20 () / H30* (aq)
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12 Which of the following conductivity curves correctly depicts the titration of
hydrochloric acid against potassium hydroxide?

(A) (B)
4 A
= B
-B Z
z D
O S
0 - !
0 e 0 -
Volume of titrant 0 Volume of titrant
©) (D)
A A
fury iy
= =
3 =z
o =
o )
@] @]
0 ' = 0 ' -
0 Volume of titrant 0 Volume of titrant

13 Which of the following correctly identifies the molecular geometry of the central
carbon atom?

Compound Geometry
(A) propyne bent
(B) propane trigonal pyramidal
© methanal trigonal planar
(D) methanol linear
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14 What is the IUPAC name for the following organic compound?

(A) 2-chloro-3,4-dimethylhexane
(B) 5-chloro-3,4-dimethylhexane
(C) 2-chloro-4-ethyl-3-methylpentane
(D) 4-chloro-2-ethyl-3-methylpentane

15 Concentrated sulfuric acid can be used as a catalyst for which of the following
reactions?
(A) hydration of alkenes
(B) combustion of alkanes
(C) substitution of alcohols

(D) dehydration of alcohols

16  What is the minimum mass of glucose required to produce 10.0 g of ethanol by
fermentation?

(A) 19.6¢
(B) 235¢
(C) 29.3¢g
(D) 39.1g
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17  The substance shown below is an example of:

(A) asoap.
(B) an ester.
(C) acationic detergent.

(D) along chain fatty acid.

18  Which of the following tests is the best choice to identify the presence of an
alkene?
(A) Lucas test
(B) silver mirror test
(C) Dbromine water test

(D) ceric ammonium nitrate test

19  How many hydrogen environments are there in propan-2-ol?

(A) 2
(B) 3
(€ 4
D) 5
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20 The mass spectrum of an unknown compound was produced and is shown

below.
100} 136
— 138

% 80
2 ..l 57
b m—
2 40
I+ - ]
= 201 15 29 81 10?109

ol |

0 50 100 150

m/z
Which of the following could be the unknown compound?

(A)  2-chlorobutane

(B)  1-bromobutane

(C)  1-bromobut-1-ene

(D)  1,1-dichloropent-1-ene
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CANDIDATE NUMBER

Attempt ALL Questions
Write your answer in the space provided

Question 21 (2 marks) Marks

Write balanced chemical equations for the following reactions.

(a) Dilute sulfuric acid reacts with solid sodium carbonate.

............................................................................................................................... 1
(b) Magnesium is added to dilute hydrochloric acid.
............................................................................................................................... 1
Question 22 (2 marks)
From the following list of chemicals, H2COs (aq), HBr (aq), LiOH (aq), NaNOs (ag), complete
the table below, using each of the four chemicals once only.
Chemical Acid/Base Properties
a base
a strong acid
no acid-base properties
a weak acid
2
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Question 23 (3 marks)

Explain the amphiprotic nature of sodium hydrogencarbonate. Include balanced chemical
equations in your answer.

Question 24 (3 marks)

If 100.0 mL of 0.065 M NaOH is mixed with 400.0 mL of 0.08 M CaCl; at 25 °C, will a
precipitate of Ca(OH)2 be produced? Support your answer with relevant calculations.
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Question 25 (3 marks) Marks

Describe what is meant by the terms open and closed chemical systems and explain why it is
much harder to achieve an equilibrium in an open system than in a closed system.
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Question 26 (5 marks) Marks

150.0 g of water was heated in a calorimeter (as shown below) to measure the heat of combustion
of heptan-1-ol. The initial temperature of the water was 20.0 °C, the final temperature was
63.0 °C and the mass of heptan-1-ol burnt was 0.750 g. Using this information answer the
following questions.

Thermometer
—— L
Can containing
150.0 g water
é_ Burner containing
. heptan-1-ol

(a) Write a balanced chemical equation for the complete combustion of
heptan-1-ol.

(b) Calculate the enthalpy of combustion measured for heptan-1-ol.
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CANDIDATE NUMBER

Attempt ALL Questions
Write your answer in the space provided

Question 27 (11 marks) Marks

At high temperatures, sulfur dioxide gas reacts with oxygen gas to produce sulfur trioxide gas in
an equilibrium reaction.

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

(b) Using collision theory and reaction rates, explain how this system at equilibrium would
respond to a decrease in volume.

(c)  Sulfur dioxide and oxygen were placed in a 2.00 L vessel at 1200 K. After equilibrium was
established, the vessel was found to contain 2.00 moles of sulfur dioxide, 0.400 moles of
oxygen and 2.80 moles of sulfur trioxide.

Calculate Keq for this reaction at 1200 K.

Question 27 continued on next page.
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Question 27 continued.

(d) The system in (c) was then heated to 1500 K, and once equilibrium was re-established the
concentration of sulfur dioxide was found to be 1.20 M.

i. Is the forward reaction exothermic or endothermic?

ii.  Calculate Keq for this reaction at 1500 K.
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Question 28 (4 marks) Marks

Explain the trends in boiling point shown in the graph below for alkanes and alcohols
(alkanols).

250
°
°
200 °® [
° [ |
—
O 150 . u
e °
E o -
S 100 ° u M n-alkanes
E’ - @ n-alkan-1-ols
'S 50
0 [ |
0 |
0 50 100 150 200
-50
Molar mass (g mol-1)
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CANDIDATE NUMBER

Attempt ALL Questions
Write your answer in the space provided

Question 29 (4 marks) Marks

Calculate the final pH (at 298 K) after 40.00 mL of 0.0250 M barium hydroxide is added to
50.00 mL of 0.0100 M hydrochloric acid.

......................................................................................................................................... 4
Question 30 (3 marks)

The Ka of hydrocyanic acid (HCN) at 298 K is 6.17 x 1072, Calculate the pH of a 0.200 M
solution of hydrocyanic acid at this temperature.
......................................................................................................................................... 3
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Question 31 (7 marks)

Consider the following thermodynamic data for the dissolution of potassium chloride in water
at 25 °C.

ArH® (kJ mol™) ArS® (J KT mol)

16.3 76.3

With reference to this data and the resultant A,G®, describe and analyse the processes involved
when potassium chloride dissolves in water at 25 °C. Include a diagram in your answer.
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CANDIDATE NUMBER

Attempt ALL Questions
Write your answer in the space provided

Question 32 (6 marks)

A 1.746 g sample of fertiliser contains nitrogen as ammonium sulfate. The sample was analysed
to determine the nitrogen composition. First, it reacted with excess sodium hydroxide as per the
reaction below,

(NH4)2S04 (s) + 2NaOH (aq) — NazS0s4 (aq) + 2H20 (1) + 2NH3 (g)

The ammonia gas produced from this reaction reacted with 50.0 mL of 2.00 M hydrochloric
acid by bubbling it through the acid. The excess hydrochloric acid was titrated with 2.00 M
sodium hydroxide solution. The results from this titration are below;

Titre 1 (mL) Titre 2 (mL) Titre 3 (mL) Titre 4 (mL)
Sodium hydroxide 37.9 36.9 37.0 36.8

(a)  Write the equation for the reaction between hydrochloric acid and ammonia.

............................................................................................................................... 1
(b) Calculate the moles of sodium hydroxide used in the titration.

............................................................................................................................... 1
(c) Calculate the percentage of nitrogen by mass in the original fertiliser sample.

............................................................................................................................... 4
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Question 33 (2 marks) Marks

Complete the following chemical reactions using structural formulae of all organic reactant/s
and/or organic product/s.

(a)

Pd/C

O—I

H, (2)

T
I—O—=x
Ir—oO

(b)

H H

concentrated H,SO, | |
> H C|3 c—=cC (|3 H

H H
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Question 34 (6 marks) Marks

A chemist needed to prepare ethyl ethanoate in the laboratory. They had access to all of the
reagents and equipment that you have studied in this course, as well as a supply of
chloroethane.

In the space below, show how the chemist could prepare ethyl ethanoate from chloroethane
as the ONLY organic reagent. Write equations using structural formulae showing the
reactant/s, product/s and all necessary reagents.
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CANDIDATE NUMBER

Attempt ALL Questions
Write your answer in the space provided

Question 35 (6 marks) Marks

The use of materials such as polymers are determined by the relationship between their
structure and their properties.

Discuss this statement by comparing TWO polymers that you have studied. Include relevant
diagrams in your answer.
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Question 36 (8 marks) Marks

A chemist bubbled gaseous propene through a dilute acidic solution and found that two organic
products (A and B) were formed as shown below.

H H

\C— 4 H,O/H"
H\C/ o \H ’ A + B
/>y

A and B were separated, and then a further reaction was performed on A. A was added to a
solution of acidified potassium dichromate, producing a single organic product (C) as shown
below.

H+/K2CI'207
- s C

The chemist performed *H and **C NMR on compound C, and produced the two spectra shown
over the page.

Question 36 continued on next page.
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Question 36 continued.

1
H NMR
T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0s 0.0
(ppm)
13
C NMR
T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm)

Question 36 continued on next page.
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Question 36 continued.

(@) Use this information to draw the structural formulae of A, B and C, and give the
IUPAC name of each compound.

Question 36 continued on next page.
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Question 36 continued.

(b) Identify a test that could be used to directly distinguish between A and B, and state the
expected results of this test.

Page 29



Sydney Grammar School Form VI Chemistry 2019 Trial Examination

Question 37 (5 marks) Marks

The following four spectra (MS, IR, *H NMR and 3C NMR) were collected for a single organic
compound.

MS
100
90
80
70
Z g
-,-E; 50
> 40
;E 30
10 |
0 i |u I (HANA ||I|I o i i | |
0 5 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 B5 90 95 100 105 110 115 120
my,/z
IR
100
L
O
=
E
= 50+
%)
3
=
0 L L 1 L ] U |
4000 3000 2000 1500 1000 500
WAVENUMBER (cm™)

Question 37 continued on next page.
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Question 37 continued.

1
H NMR
—
—~ I/
rJ /
- o 1 J/
T I
o o [=]
[=] =] Q
0 - (]
T T T T T T T T T T T T T T T T T T T T T T T T
2.10 2.00 1.90 1.80 170 1.60 1.50 140 1.30 1.20 1.10 1.00 0.90 0.80
(ppm)
13
C NMR
T T T T T T T T T T T T T T T T T T T T
100 a5 an 85 80 75 70 685 60 55 50 45 40 35 30 25 20 15 10 3
(ppm)

Question 37 continued on next page.
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Question 37 continued.

(a) Identify the functional group that produces the 3400 cm™ peak seen in the IR spectrum.

(d) Draw the structural formula of this compound.

END OF EXAMINATION
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HIGHER SCHOOL CERTIFICATE
| EXAMINATION
Chemistry

FORMULAE SHEET

n=-" c== PV = nRT
MM v
q = mCAT AG® = AH® = TAS® pH = —log,,[H']

I
A = gle =log,

pK, = —l“gm[Ka] Tﬂ

Avogadro constant, Ny ..o 6.022 % 10** mol ™!

Volume of 1 mole ideal gas: at 100 kPa and

at 0°C (273.15K) oovvvvvvvivvee. 22711

at 25°C (298.15K) ..ooceeevvveee. 2479 L
GAS CONSEANT ©...oo.oveovveee e sees oo 8314 J mol ™1 K
lonisation constant for water at 25°C (298.15K), K ... 1.0 x 107
Specific heat capacity of waler ... 418 x 10° T kg ' K!

DATA SHEET
Solubility constants at 25°C

Compound

Barium carbonate
Barium hydroxide
Barium phosphate
Barium sulfate
Calcium carbonate
Calcium hydroxide
Calcium phosphate
Calcium sulfate
Copper(ll) carbonate
Copper(Il) hydroxide
Copper(Il) phosphate
Iron(II) carbonate
Iron(IT) hydroxide
TIron(I1T) hydroxide
Iron(I11) phosphate

K,
2.58 x 1077
255x 1074
13x 107
1.08 x 10710
3.36 x 107
5.02 % 107
2.07 x 107%
4.93 x 107
1.4 x 10710
22 % 107%
1.40 x 1077
3.13 x 107!
4.87 x 1077
2.79 x 107
9.91 x 10710

Compound

Lead(IT) bromide
Lead(II) chlorde
Lead(II) 1odide
Lead(II) carbonate
Lead(1l) hydroxide
Lead(1l) phosphate
Lead(II) sulfate
Magnesium carbonate
Magnesium hydroxide
Magnesium phosphate
Silver bromide

Silver chloride

Silver carbonate
Silver hydroxide
Silver iodide

Silver phosphate
Silver sulfate

K,
6.60 x 107°
1.70 x 107
9.8 x 1077
7.40 x 1071
1.43 x 1077
8.0 x 1075
253 x 107°
6.82 x 1070
5.61 x 10712
1.04 x 107
535 x 1077
1.77 x 10710
8.46 x 10712
20x 1078
8.52 x 10717
8.89 x 1077
1.20 x 107

Aylward and Findlay, ST Chemical Data (5th Edition) is the principal source of data for
this examination paper. Some data may have been modified for examination purposes.
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Infrarcd absorption data

13¢: NMR chemical shift data

Bond Wavenumber /em ™ Type of carbon &/ppm
|
N=H 3300-3500 —Cc—C— 5-40
(amines) | |
|
O—H 3230-3550 R—C —Clor Br 10=70
falcohals) (broad) |
|
R—C—C—
C—H 2850-3300 ] 20-50
O
|
O—H 2500-3000 R—C —N 2560
(acids) (very broad) |
| alcohols,
_ — C—0— ethersor 5050
C=N 222(-2260 | esters
hN /
c=cC 90-150
C=0 1680-1750 / Y
R—C=N 110-125
Cc=C 1620-1680
110-160
R—C—
C—0 1000-1300 I esters or 160=185
0 acids )
R—C—
c—cC 750-1100 I aldehydes 190 390
0 ot ketones
UY absorption
{This is not a definitive list and is approximate. )
Chramophore Aopnay (M) Chromophore Aoy (M)
173 178
C—H 122 C=C
196 222
c—C 135 c—Cl 173
=C 162 C—Br 208
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Some standard potentials

K* +e”
Ba® + 2¢”

Ca’" + 2¢”

Na® + ¢

Mg®* + 2¢”

APT 4 3¢”

Mn** + 2¢”

H,0 +¢”

Zn° + 2e”

Fe?* + 2¢”

Ni** 4 2¢~

Sn** + 2¢”

Pb>* + 2¢”

H™ +¢”

SO,2 +4H* + 2¢”
Cu’t + 2¢”

50,(g) + H,0 + 2~
Cu'+¢

Th(s) + €

1 (ag) + €

Fe'™ +e”

AgT+e

%Brz(:f )+e”
1Bry(aq) + ¢
10,(g) + 2H" + 2¢”
7CL(g) + ¢~
1Cr,0.7 + TH™ + 3¢~
%Clz(aq} +e
MnO,” + 8H" + 5¢~

%F:._(g) +e

L o 2

K(s)

Ba(s)

Ca(s)

Na(s)

Mg(s)

Al(s)

Mn(s)

THy(g) + OH™
Zn(s)

Fe(s)

Ni(s)

Sn(s)

Pb(s)

TH,(2)

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

20H"

Cu(s)

-

-

FBQ+

Ag(s)

B

Br~

H,0

CI

Cr** + IH,0
cI

Mn** + 4H,0
B

-2.94V
=291V
28TV
271V
=236V
-1.68 V
-1.18V
=083V
-0.76 V
=044V
-0.24V
—0.14V
=013V
0.00V
0.16 V
034V
040V
052V
054V
062V
07TV
080V
1.08 V
1.10V
1.23V
1.36 V
136V
1.40 V
151V
289V
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CANDIDATE NUMBER

2019
TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION

Chemistry
Section | - Multiple Choice

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

Sample: 2+4= (A) 2 B) o6 < 8 m 9

AQO B@ cO DO
If you think you have made a mistake, put a cross through the incorrect answer and fill in the
new answer,

A® B 3 cO DO

If you change your mind and have crossed out what you consider (o be the correct answer, then
indicate the correct answer by writing the word eorvect and drawing an arrow as follows.

corvect
AN B ¥ cO DO
ISI‘::-) . AO B® cO 1O 1. A0 B@® cO DO
2 AO BO c® 00O 12. AO B@ cO DO
33. A0 B@® cO 0O 13. A0 BO c@ »»O
4. A@ BO cO 0O 4. A@®@ BO cO 1O
5§ A0 BO cO o@ 15. AO BO cO op®@®
6 AO BO c® 0O 16 A@ BO cO 0O
7. AO0 BO cO 0® 17 a@ BO cO 00O
8. AO BO c® »O 18. AO BO c@ 0O
9 AO BO c¢c@® »b»O 19. aQ0 B@ cO 00O
100 A0 BO cO n@® 200 AQ B@ cO 0O
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CANDIDATE NUMBER

Attempt ALL Questions
Write your answer in the space provided

Question 21 (2 marks)

Write balanced chemical equations for the following reactions.

(a) Dilute sulfuric acid reacts with solid sodium carbonate.

lan ... ¥\ O =~ - " N Vs
.\..1@»-.}:’.&;’-.‘;?.':%.; ...... i.:J::f’.\..:.,.‘::::'.5;.;,..,-.............,.....‘..\..:,:).%’1,». ....... ) A7)
(b) Magnesium is added to dilute hydrochloric acid.
'I ! ™ Y, I ' | | ,l ~ - 1 /o
t{i”:,,ft? .................... B et :'?....“:‘.]:. ................... b 1,11.4'.1 ..... l:-..t_ti",.

V

Question 22 (2 marks)

Marks

From the following list of chemicals, H2COs (aq), HBr (aq), LiOH (aq), NaNOs (aq), complete
the table below, using each of the four chemicals once only.

Chemical Acid/Base Properties
a base
Ty a strong acid
PALA

no acid-base properties

a weak acid




Sydney Grammar School Form VI Chemistry 2019 Trial Examination

Question 23 (3 marks)

Explain the amphiprotic nature of sodium hydrogencarbonate. Include balanced chemical
equations in your answer.

G @O\mphs cobse.. 2O o 3
e RO O " Denok. Ffojceﬁsl‘r\%g%« o,

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

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

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

S (O QCULQL“‘"C‘L ot e
Nb\;{w\’\iﬁﬁ(ﬁ/\ (‘3 hM SM QrcoLs W "LQ;

~doeen ot
Question 24 (3 marks) Mﬂ"‘ L NG \’\,OC-OS

If 100.0 mL of 0.065 M NaOH is mixed with 400.0 mL of 0.08 M CaCl; at 25 °C, will a
precipitate of Ca(OH)2 be produced? Support your answer with relevant calculations.

(’ 00w 0008, SO o -0q®ia ( CalM)aiss)

-n-‘!‘i ----------------------------------

@ S 0072, 1T . o ,

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

= \-0¢1 w(o™S

—.
0 o \\ ' l\
K_&@"\)L o [
QQ(KV\ %
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Question 25 (3 marks)

Marks

Describe what is meant by the terms open and closed chemical systems and explain why it is
much harder to achieve an equilibrium in an open system than in a closed system.

@ . El?\oﬁr\‘ff | Q\Mj d T ovort- b odioe
Qatw\ bt v & Closed s vg'v{ﬁ‘““\ *\—N‘/"ffj
5,0 W\&K\?f W\O(/\Q/Y\/\@l .
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Question 26 (5 marks) Marks

150.0 g of water was heated in a calorimeter (as shown below) to measure the heat of combustion
of heptan-1-ol. The initial temperature of the water was 20.0 °C, the final temperature was
63.0 °C and the mass of heptan-1-ol burnt was 0.750 g. Using this information answer the
following questions.

Thermometer

Can containing
150.0 g water

J
(__ ) Burner containing

heptan-1-ol

(@ Write a balanced chemical equation for the complete combustion of
heptan-1-ol.

(b) Calculate the enthalpy of combustion measured for heptan-1-ol.

................................................................................................................................
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CANDIDATE NUMBER

Attempt ALL Questions
Write your answer in the space provided

Question 27 (11 marks) Marks

At high temperatures, sulfur dioxide gas reacts with oxygen gas to produce sulfur trioxide gas in
an equilibrium reaction.

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

...................... ;50"/‘@-——2503 (D

(b) Using collision theory and reaction rates, explain how this system at equilibrium would
respond to a decrease in volume.

@ ./Qzé«.5(..,.lm...:é/m«...M..)é.a{am..(q:%éféms.... ..Mécf??/ 3

%ﬂﬁ;ﬁ/ﬁa?«%/&rfwmzzf/«mfﬂéﬁ, A

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

(c) Sulfur dioxide and oxygen were placed in a 2.00 L vessel at 1200 K. After equilibrium was
established, the vessel was found to contain 2.00 moles of sulfur dioxide, 0.400 moles of
oxygen and 2.80 moles of sulfur trioxide.

Calculate K., for this reaction at 1200 K.

3 2- Z » y
L3 -‘-"Z.f ................ [sgleg. AO;,]’ ...... o — @ 3

Question 27 continued on next page.
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Question 27 continued.

(d) The system in (c) was then heated to 1500 K, and once equilibrium was re-established the
concentration of sulfur dioxide was found to be 1.20 M.

i. Isthe forward reaction exothermic or endothermic?

1. Calculate K, for this reaction at 1500 K.

__,_.-h
Ao 2. 5G e G RSB 3

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

.......................................................................................................................................
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Question 28 (4 marks) Marks

Explain the trends in boiling point shown in the graph below for alkanes and alcohols
(alkanols).

250

o
&
200 ° i
® =
p—
$ 150 ° L
-’ [ ]
E . -
g 100 ° [} M n-alkanes
)
@ n-alkan-1-ols
:*_f o
& 50
< E
0 [ |
0 50 100 150 200

-50
Molar mass (g mol")

ﬁ/ %A/K;Mpﬂw (Afff)‘i -~
%%zzﬁw e lee D @“ L)

%47., Z. .md ,.,4 Z 5%«24/% i

f'_.."

4 ’)4/9 /«%‘r’ L A Mo MAGSS.. A BeS

o U He Ao msdzzxw.“%% 4;.4/7%

}W,é/_—a/—/;@/a%

/WCVS' =V @

NACSfEo S1 5,‘,._.\
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Question 29 (4 marks) Marks

Calculate the final pH (at 298 K) after 40.00 mL of 0.0250 M barium hydroxide is added to
50.00 mL of 0.0100 M hydrochloric acid.

Ba(OH); + 2HCI

1 mark n(OH) = 2 x 0.04 x 0.025 = 2 mmol
n(H) = 0.05 x 0.01 = 0.5 mmol

1 mark n(OH excess) =2 — 0.5 = 1.5 mmol

Imark  [OH] = 1.5x10°/ ((40+50) x 10°%) = 1.667 x 10-2
pOH = 1.778

I mark  pH=14-pOH=12222 (sig figs ignored)
-1 each error except max 2 marks awarded if determined nothing was in excess and pH = 7.

* too many boys used BaOH
* Ksp is not relevant as it is not saturated and question said it was in solution.

Question 30 (3 marks)

The K, of hydrocyanic acid (HCN) at 298 K is 6.17 x 107'%, Calculate the pH of a 0.200 M
solution of hydrocyanic acid at this temperature.

HCN 2> H'+CN
0.2-x x X

Imark  Ko=6.17x 1079 = [H'][CNT] / [HCN] =2/ 0.2-x

1 mark assume x is small compared to 0.2: ¥ =6.17x107° % 0.2
x = 1.11 x 107 (assumption was good)

Imark  pH=-logj[1.11 x 107°] = 4.954 (sig figs ignored)

-1 each error
* most common error was to write Ky, equation — not K,



Question 31 (7 marks)

Consider the following thermodynamic data for the dissolution of potassium chloride in water at
25 °C.

AcH® (kJ mol ™) ArS® (J K mol™)

16.3 76.3

With reference to this data and the resultant A;G®, describe and analyse the processes involved
when potassium chloride dissolves in water at 25 °C. Include a diagram in your answer.

Marked holistically but roughly following codes explained missing / incomplete information.
P1 — describes breaking of KCl ionic lattice with polar water molecules
P2 — describes formation of ion-dipole hydration bonds with water

AH — explains breaking lattice is endothermic and not outweighed by release of energy
when ion-dipoles formed, hence AH is positive

A4S — explains entropy increase in terms of P1 AND P2.
AGC — calculates AG to be -6.4 kJ/mol (units ignored)

AGA — analyses contribution of AH and AS to AG i.e. enthalpy is unfavourable hence
dissolving must be entropy-driven. AG being negative means spontaneous.

D — relevant and correct diagram

-1 for E — errors

Note: many boys discussed equilibrium at length — but equilibrium is not reached until the
solution is saturated. Given standard condition thermodynamic data was given, saturation

would not be reached, so any answers about equilibrium were ignored.

Some boys said that KCI would be insoluble — against the solubility rules and when the
question says it dissolves.



Sample answer

Potassium chloride is an ionic solid that is soluble in polar water. To dissolve, the potassium
and chloride ions must first be dissociated from each other. This process absorbs energy as it
breaks the ionic bonds to overcome the electrostatic attraction. As the ions move from the
ordered 3D lattice, entropy is increased. The next step is the organisation of water molecules
around the dissociated ions. As shown in the diagram below, this hydration process involves
ion-dipole forces forming as the slightly positive hydrogen atoms of water are attracted to the
negative chloride ion, while the slightly negative oxygen atoms of water are attracted to the
positive potassium ions. This step releases energy but reduces entropy.

Calculated AG = 16.3 — 298 * 76.3 / 1000 = -6.4 kJ/mol.

Overall, as the positive AH data shows, the dissolution of KCl is endothermic, so the energy
required to break the lattice must be greater than that released during the formation of the ion-
dipole bonds. Thus AH is thermodynamically unfavourable. However, as entropy is positive, the
breakdown of the lattice must be entropically greater than the rearrangement of water. Thus the
dissolution is entropy-driven. This is shown in the calculated AG which is negative, leading to
the dissolution being spontaneous at this temperature.

—
O
VAN
ion-dipole bond &+ &+
N et H H
Sy 5+ |
& - - O 53— // H-. ol It 118 AN
) O 0 Ho = O
1Ny 2 g+ oA \\H&r/
HHHH
5+ 5+ &+ 8 & &+

'0/ ion-dipole bond
3
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Question 32 (6 marks)

A 1.746 g sample of fertiliser contains nitrogen as ammonium sulfate. The sample was analysed
to determine the nitrogen composition. First, it reacted with excess sodium hydroxide as per the

reaction below,

(NH4)5804 (s) + 2NaOH (aq) — NaxSOs (aq) + 2Hx0 (1) +2NH; (g)
N:NHz (R
The ammonia gas produced from this reaction reacted with 50.0 mL of 2.00 M hydrochloric
acid by bubbling it through the acid. The excess hydrochloric acid was titrated with 2.00 M
sodium hydroxide solution. The results from this titration are below;

S AwN

Titre 1 (L) Titre 2 (mLL) Titre 3 (mL) Titre 4 (mL)
Sodium hydroxide (37.9) , 36.9 37.0 36.8 |
_— L &

Omik Overage = 36 .Amb

(a) Write the equation for the reaction between hydrochloric acid and ammonia.

K — e
eo, ............ ‘HCl(oq)“ ............... 3.(3) ......................... N\J\ ...... \ -E&ﬁ-} ........................ 1
,T‘a\q, accePtech
(b) Calculate the moles of sodium hydroxide used in the titration.
=6\ 1

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

A HCLparhode T G e

= 0. 0128 veed . cnaN s LV

N¥a

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

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

o Pl J:_“.'CJ..—':..gf)..:..!..:'..9.‘..(.)2.:?..%... : ETTETET e
co_zglrv\mld)
nVHz 7.0..02.62.mmed.....

Ve n

|
J

e ness O
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Question 33 (2 marks) Marks

Complete the following chemical reactions using structural formulae of all organic reactant/s

and/or organic product/s.

(a)

Pd/C

O—I

I
Y

H, ()

I
I—0O—I
Ir—o

(b)

H H
concentrated H,SO, | |
> H T c—cC T H
H H
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Question 34 (6 marks) Marks

A chemist needed to prepare ethyl ethanoate in the laboratory. They had access to all of the
reagents and equipment that you have studied in this course, as well as a supply of
chloroethane.

In the space below, show how the chemist could prepare ethyl ethanoate from chloroethane
as the ONLY organic reagent. Write equations using structural formulae showing the
reactant/s, product/s and all necessary reagents.

/\ 6
H NaoH
C~c —C| an, > H—C“‘c——‘C\H & | "
] e __J
4',' a\g\ch\-ecl!w’ ’f ,.,U
Wb beow  —— Le—c¢
| k,Crh0 { .
H 2 7 h
O&
\(.MAC)\,
(OhC_Gf\NO‘kJ t‘ // s },{
(g I Sl ST
- ey - [ &
T ek I ) s
H H OH H_sPC);‘

@ ‘6’ Corect products i el B \Orodud ravic.

(D) for correct comalihorS. Al carothed
W CRB et regparest fou te ~cvld

MQ‘\L
KoM wes \—~comect LOH oa) S <Of .
) concebatof Hp 0y wal (orrect -
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Question 35 (6 marks)

Marks

The use of materials such as polymers are determined by the relationship between their

structure and their properties.

Discuss this statement by comparing TWO polymers that you have studied. Include relevant
diagrams in your answer.

Notes:

Many boys did three polymers (remember HDPE and LDPE are different polymers)

Many boys missed the link/relationship between the structure and the property.

Correct comparison of two polymers including comparison of:
e Structures
e Properties, clearly linked to structures
e Use appropriate to relevant properties

Includes a correct diagram of each polymer or monomer

Missing one or two of the above but must include comparison

Correct discussion, without comparison, of the two polymers including:

e Structures
e Properties, clearly linked to structures
e Use appropriate to relevant properties
Includes a correct diagram of each polymer or monomer
OR

Insufficient for 4 marks

Description/diagram of at least one polymer and
EITHER a correct use OR correct properties

Correct relevant information about 1 polymer

The question asked for a comparison, so it helped to think carefully about the polymers chosen
to make sure meaningful comparisons could be made.

Take care with diagrams! These need to be clear and accurate, not squashed in the cormer with
no labelling.
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Question 36 (8 marks) Marks

A chemist bubbled gaseous propene through a dilute acidic solution and found that two organic
products (A and B) were formed as shown below.

H H

\C—C/ H,O/H*
H\C/ Ny - A+ B
f H

A and B were separated, and then a further reaction was performed on A. A was addedto a
solution of acidified potassium dichromate, producing a single organic product (C) as shown
below.

H+/ K2CI'207

— C

The chemist performed 'H and 1*C NMR on compound C, and produced the two spectra shown
over the page.

Question 36 continued on next page.
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Question 36 continued.

1
H NMR
T T T T T T T T T T T T T
70 6.5 6.0 5.5 50 4.5 4.0 35 3.0 2.5 20 1.5 1.0 0.3
(ppm)
13
CNMR
———r—r—r——r———— " T ————— - - . — pr——t y
220 210 200 190 180 170 160 150 140 130 120 110 100 90 B0 70 60 50 40 30 20 10

(ppm)
Question 36 continued on next page.
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Question 36 continued.

(a) Use this information to draw the structural formulae of A, B and C, and give the
IUPAC name of each compound.

A:
H OH H
]
H c Cc Cc H
I
H H H
Propan-2-ol.............ocvreeseverenses
B:
OH H H
.
H C c C H
|
e
Propan-1-ol
C:
H o) H
..
H c C Cc H
]

Propanone (or propan-2-one)

Note that a maximum of 1 mark across this section was lost for incorrectly drawing the
hydroxyl group (if the mistake was made in Q36 and Q37, the mark was lost from Q37).

wrong! T T T
OH H OH——C—C——C—H
| | .
H—C—C—C—H T hooRH
,L H ,L wrong!

Question 36 continued on next page.
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Question 36 continued.

(b) Identify a test that could be used to directly distinguish between A and B, and state the
expected results of this test.

1 mark — identifying appropriate test (Lucas test or adding ZnCly/conc HCI) 2

1 mark — Secondary alcohols (like A) will produce a turbid/cloudy solution
within 30 min. Primary alcohols (like B) will not react so solution will remain
clear.

Carry through error was given based on answers to (a), though tests had to be reasonable.

H of 1*C NMR were also accepted, with the second mark given for correct predictions of
the number of signals for A and B (or splitting information A and B if for 'H NMR).
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Question 37 (5 marks) Marks

The following four spectra (MS, IR, 'H NMR and '3C NMR) were collected for a single organic
compound.

MS

Relative intensity

20

10 l
0 [ LI (HRAR |Il|l v 1 ' l I

0O 5 10 15 20 25 30 35 4D 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120
m/2

IR

100

g

TRANSMITTANCE

2000 1500 1000 500
WAVENUMBER (cm™)

0 ] L
4000 3000

Question 37 continued on next page.
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Question 37 continued.

IH NMR
2 g g
'3 L @
T T T T ¥ T T ¥ T ' T ¥ T T ¥ T T ¥ L] T 3 X L} i b 1 i L} T LS 1 1 T T L]
2.10 2.00 1.90 1.80 1.70 1.60 1.50 140 1.30 1.20 1.10 1.00 0.90 0.80
(ppm)
13C NMR
J — - - -
T T T ¥ T T i T T T L T T T T T T T
100 95 90 85 80 75 70 65 60 53 ( 50) 45 40 35 30 25 20 15 10 S 0
ppm

Question 37 continued on next page.
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Question 37 continued.

(a) Identify the functional group that produces the 3400 cm™ peak seen in the IR spectrum.

Hydroxyl group (0r OH) iciisisssiiissssvinissssvisisisissiavinesiarsssviisssss i sisiadsis 1
(b) What is the mass of the molecular ion?
(c) How many carbon environments are there in this compound?
3 1

(d) Draw the structural formula of this compound.

2 marks for correct structure

2
H H OH H H
| ||
c—=C © C—C—H
| |
H Hy__¢—yH H

H—C——H

H

1 mark — a structure that meet at least one of the criteria from (a)-(c)

END OF EXAMINATION
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