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SECTION I: MULTIPLE CHOICE (20 marks)

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 Which of the following matches the inorganic acid and base with their correct

formula?
Acid Base
(A) H.PO4 phosphoric NaOH sodium hydroxide
(B) HNO; nitrous NH; ammonia
(@) NH.* ammonium COs* carbonate
(D) H.SOs sulfurous CaO calcium dioxide

2 Which of the following is considered to be a limitation of Arrhenius’ model of
acids and bases?
(A) He did not account for acids that do not contain oxygen.

(B) He did not account for the presence of hydrogen-containing compounds
which are non-acidic in nature.

(C) He did not recognise the importance of water as a solvent in the nature of
acids and bases.

(D) He did not recognise that some substances can act as acids or bases in
the absence of solvents.

3 Which of the following statements with regards to acid and base strength and
concentration is true?

(A) To neutralise a given amount of strong base, the number of moles of a
monoprotic weak acid is the same as that required for a monoprotic strong
acid.

(B) The same concentration of strong and weak monoprotic acids will contain
the same chemical amount of hydrogen ions.

(C) A weak acid is unable to neutralise a strong base.

(D) The pOH of a strong concentrated base will be greater than that of a weak
dilute acid.
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4 If the pH of a solution was shown to be 10.5, what could we conclude about the
following parameters?
(A)
(B)

(C) The OH- concentration will be 3.16 x 10

(

The pOH will be 103°

The H* concentration will be 1.02

D) The H* concentration x the OH" concentration will be 10

5 Which of the following statements correctly describes the relationship between

the strength of an acid, its hydrogen ion concentration, its pH and its pK,?

(A) The stronger the acid, the lower the pK, value.

(B) A strong acid will have a pKa somewhere between 0.001 and 1000.
(G) An acid with a low pH will have a very large pK..
(

D) The greater the K,, the larger the pK, value.

6 If a monoprotic acid has pH value of 3.2 and a concentration of 0.15 mol/L, what
will its K, value be closest to?

A)  2.7x10°
(B) 6.3x10*
(C) 5.6
(D) 3.8x10°
7 Solid potassium amide KNH. reacts with water according to the equation:

KNH: (s) + H20 () - KOH (aq) + NHs (g)

The acid and its respective conjugate base in this reaction are:

(A) K* and KOH

(B) H.O and OH-
(C)  NHz and NHs
(D) NHsz and NH,~

8y
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8

10

A reaction in dynamic equilibrium is one in which:

(A)
(B)
©)
(D)

the concentration of the product is always independent of reaction conditions
the enthalpy changes for the forward and the reverse reactions are equal
the activation energies for the forward and the reverse reactions are equal

the rates of the forward and the reverse reactions are equal

lodine was added to 50 mL of each of two immiscible solvents X and Y in a
separating funnel as shown below.

I, in 50em’ of solvent X —F

I, in 50em? of solvent Y —

EEN

After shaking, the following equilibrium was established:

L) = 12X

An extra 10 mL of solvent X was added, the mixture shaken and equilibrium was
allowed to re-establish. Which of the following statements is correct?

CRCRCEES

The concentration of I, in Y increases
The concentration of I, in Y decreases
The equilibrium constant increases

The equilibrium constant decreases

Photosynthesis is not considered to be an equilibrium reaction because:

(A)
(B)
€)
(D)

it has a large negative AH value
it has a small negative AS value
it has a large positive AG value

it has a zero AG value
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11

12

13

Will lead(ll) chloride precipitate when 50 mL of 0.10 M Pb(NOs). solution is mixed
with 50 mL of 0.10 M NaCl solution?

(A)
(B)
©)
(D)

Yes, because the ion product is greater than the Kp.

Yes, because the K, is greater than the ion product.

No, because the ion product is smaller than the Kqp,

No, because the K, is smaller than the ion product.

The reaction:

CO (g9) + 3H2(g9) = CHa(g) + H20 (9)

has an equilibrium constant of 3.9 at 950 °C.

The equilibrium concentrations of CO (g), H- (g) and H-O (g) are given in the table.

Substance Equilibrium concentration (mol L)
CO (9) 5.0x 102
H. (9) 1.0x 1072
H.O (g) 4.0x10°%

What is the equilibrium concentration of CHs (g), in mol L', at 950 °C?

(A)
(B)
€)
(D)

2.0x 107
4.9x10°
3.1x10°
4.9x10"

A solution is made by dissolving solid sodium hydroxide and barium hydroxide
in water. Which of the following must be true regarding the concentrations of
each of the ions in solution formed?

(A)
(B)
€)

(D)

[Na‘] = [Ba?] = [OH]
[Na‘] = [Ba*] = 3 [OH]

[Na*] + 2 [Ba*] = 3 [OH1]

[Na*] + 2 [Ba*] = [OH]
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14

15

16

Complete combustion of an organic compound forms 40 mL of carbon dioxide
and 40 mL of water vapour, under the same conditions of temperature and
pressure. Which of the following could be the molecular formula of the organic
compound?

(A)  CsHs

(B) C.H.0
(C) CoHsN
(D) GC.H.O

Four atoms, 1-4, are labelled in the structure below.

4
NH,

1 CH_ 3 _OH
H_,J,C/2 ~Ne~

@

Which atom has a trigonal planar arrangement of bonds around it?

(A) Atom 1
(B) Atom?2
(C) Atom3
(D) Atom 4

Which compound(s) is/are structural isomer(s) of CsH12.0,7?

I hexanoic acid
Il ethyl butanoate
Il propyl propanoate

(A) Onlyl

(B) landllonly

(C) Iland Il only
(D) Allofl, 1l and Il
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17  What is the IUPAC name of the following compound?

>

1,1,2-trimethylpentane

Z 2

2,3-dimethylhexane
4,5-dimethylhexane

S o=

4,5,5-trimethylpentane

18 In the infra-red spectrum of an organic compound, a strong band is observed
at 3000 cm™. The most likely explanation for this band is:

(A

Rag

the electrons absorb this IR radiation and are excited to a higher orbital.
(B) protons absorb the radiation at this frequency and change their spin.

(C) absorption of this IR radiation wavenumber causes vibrations of the C-H
bonds.

(D) absorption of this wavenumber of IR radiation causes a substitution
reaction.

19 Bromine water can be used to test for the presence of which of the following
organic functional groups?
(A) Carbon-carbon double bonds
(B) Hydroxyl groups

(C) Carboxylic acids

(

D) Aldehydes and ketones
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20 The proton NMR spectrum for butan-2-one is shown below, along with a
numbered structure of butan-2-one.

)Cj\/
4
1 2,

2.0 1.0 &/ ppm

Identify the position (1-4) of hydrogen atoms that are responsible for the singlet
peak at 2.1 ppm.

A 1
B 2
€ 3
D) 4
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SECTION II: 80 marks

Attempt ALL Questions CANDIDATE NUMBER

Write your answer in the space provided.

Question 21 (4 marks)

Acids react with carbonates in predictable ways. Formic acid has the formula HCOOH
and its pK, is 3.75.

(@ Write a balanced chemical equation to represent the reaction between formic
acid and sodium carbonate.

(b) State whether you would expect the salt formed in part (a) to be acidic, neutral or
basic. Explain your answer including an appropriate equation.

Marks
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Question 22 (3 marks) Marks

The dihydrogen phosphate ion has the formula H.PO,".

(@  Write an equation to show dihydrogen phosphate reacting with:

(i) an acid

............................................................................................................................... 1

(ii) a base

............................................................................................................................... 1
(b) Identify the term that we use to describe substances that can act as both acids

and bases, such as dihydrogen phosphate.

............................................................................................................................... 1
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Question 23 (4 marks) Marks

The equipment shown below may be used to measure the enthalpy of neutralisation.

thermometer

| insulated vessel

\ reaction mixture

10.0 mL of 0.500 M solution of HCI are mixed with 10.0 mL of 0.500 M solution of
NaOH in the cup shown. The enthalpy change for this reaction is -55.8 kJ mol™.

(@ If the initial temperature of the reactants was 25.0 °C, calculate the final
temperature once the reaction had finished.

(b) State one assumption you made in this calculation.
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Question 24 (5 marks) Marks

50.0 mL of a solution of HCI with pH 3.0 was mixed with 30.0 mL of a solution of HNO3
with pH 5.0.

(@ Calculate the pH of the resultant solution.

(b) Explain how the pH and H* concentration of the resultant solution would differ
from that calculated above, if ethanoic acid was used instead of nitric acid.
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Question 25 (9 marks) Marks
An acid / base titration was undertaken using an electronic pH meter. The resultant data
is shown in the table below.
Volume of acid added pH
(mL)
40 9.4
88 8.6
94 8.0
98 7.6
101 2.2
104 1.4
116 1.2
140 0.8
(@ Plot the data provided on the grid below and draw a line of best fit.
3

Question continued on next page.
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Question continued.

(b)

By analysing your graph, deduce the strength of the base used in this titration.

Titrations can also be done by means of a chemical indicator in place of a pH
meter. These indicators are usually weak acids in equilibrium with their
conjugate bases, at roughly equal concentrations when they change colour.

Explain why it is important during titrations to keep the amount of indicator
added to a minimum.

Marks
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CANDIDATE NUMBER

Question 26 (9 marks)

Silver carbonate and silver chloride are only slightly soluble in water.

In the following, assume that the temperature is a constant 25°C.

(@  Write an ionic equation for the dissociation of solid silver carbonate, Ag-CQs, in
water.

(c) Use the K, values on the data sheet to compare the concentrations, in mol L™, of
silver ions in separate saturated solutions of silver carbonate and silver chloride.

Question continued on next page.

Marks
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Question continued. Marks

(d) Calculate the mass (in g) of silver chloride that will dissolve to form 1.00 L of a
saturated solution.

(e) Calculate the molar solubility of silver chloride in a 0.15 mol L' sodium chloride
solution.
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Question 27 (4 marks) Marks

A reaction mixture consists of 0.12 mol Br2(g) and 0.12 mol Hz (g) in a 2.50 L sealed
container. At a set temperature, the mixture was left to reach equilibrium according to
the equation:

Br. (g) + H2(9) = 2 HBr(g) Keqg=1.9x10°

(@ Calculate the initial concentration of hydrogen gas.

(b) Calculate the amount, in mol, of HBr produced at equilibrium at the set
temperature.
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Question 28 (8 marks)

When the following reaction is at equilibrium at 298 K, it is orange in colour.

H.O (I) + Cr.07* (aqg) = 2 CrO.?* (aq) + 2 H* (aq)
orange yellow

(@ Predict and explain the colour change, if any, of the reaction mixture if aqueous
sodium hydroxide is added to it.

(b) Consider the following reversible reaction at equilibrium:

N.Os(g = 2NO:2(g) AH = +ve

i Predict and explain, in terms of reaction rates, the effect on the equilibrium
position when the pressure increases on this system.

Question continued on next page.

Marks
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Question continued. Marks

i. Explain how an increase in temperature affects the yield of NO, and
the Keq value of the reaction. 3
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CANDIDATE NUMBER

Question 29 (14 marks) Marks

This question is about alcohols.

(@ Construct a chemical equation to show the complete combustion of hexan-1-ol.

(b) Many alcohols, including ethanol, are soluble in water.

i Explain, with the aid of a diagram, how ethanol interacts with water. 2

ii. Using the data in the table below, explain the difference in solubility
between hexan-1-ol and hexane-1,6-diol.

Alcohol Solubility in water (g L)
hexan-1-ol 5.9
hexane-1,6-diol 500

Question continued on next page.
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Question continued. Marks

() Hexan-1-ol has a number of different structural isomers.

i Draw, using full structural formula, and name one position isomer of

hexan-1-ol.
2
1N F= T 0 = PP
ii. Draw, using a skeletal formula, and name one chain isomer of hexan-1-ol.
2
= = e
iii. Name the isomer that is resistant to oxidation by acidified potassium
dichromate.
................................................................................................................... 1
(d) Hexan-1-ol can be reacted with ethanoic acid to make an ester. Using structural
formula, write the equation, identifying the catalyst, for this reaction. 2

Question continued on next page.
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Question continued. Marks

(e) Alcohols are important in organic synthesis and can be synthesised from
halogenated alkanes.

Complete the flow chart, by drawing structures of the intermediates and
identifying reagents, to show how cyclohexylmethanol can be synthesised from
1-methylcyclohexene.

CHE
@/ HCI (g) N

1-methylcyclohexene

elimination

i
\

NaOH (aq)
heat

Oﬂm

cyclohexylmethanol
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Question 30 (8 marks) Marks

Polymers offer a wide range of properties, enabling them to be used in many different
applications.

(@) Polyethene and polyvinyl chloride are two commonly used addition polymers.

(i) Identify the feature found in these monomers that allows them to produce
addition polymers.

(i) Polyvinyl chloride has a much higher melting point than polyethene.
Explain this difference in melting point in terms of their structures.

Question continued on next page.
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Question continued. Marks

(b) The campaign to end the use of some plastics has led scientists to develop new
biodegradable polymers. Polylactic acid, PLA, is a condensation polymer which

was originally developed from lactic acid for medicinal applications but can also
be used for biodegradable packaging.

A section of the polymer is shown below.
0 CH- 0 CHa
o ML
CHa 0 CHa

i Draw the structure of the lactic acid monomer.

ii. If a sample of PLA has a mass of 0.125 g, estimate the number of
monomers used to make this sample.
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CANDIDATE NUMBER

Question 31 (5 marks) Marks

The presence of calcium and magnesium ions in water can cause ‘water hardness’
that affects the taste of water. Recommendations have been made for the
maximum level of calcium (80 ppm) and magnesium (30 ppm) in drinking water, and
a total hardness, expressed as the sum of the calcium and magnesium
concentrations, of 3 mmol/L.

A 500.00 mL sample of water was analysed using Atomic Absorption Spectroscopy
(AAS). The calibration curves and sample data are given below.

CALIBRATION CURVES

0.90 ,
0.80 /L Magnesium
0.70 /./
0.60

0.50
0.40 /i Calcium
0.30 / —4

0.20

0.10 /T//o/

0 20 40 60 80 100 120
CONCENTRATION (PPM)

ABSORBANCE

Sample — Calcium absorbance 0.20
Sample — Magnesium absorbance 0.32

(@ Explain why AAS can be used as a quantitative technique for a solution
that contains both ions.

Question continued on next page.
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Question continued. Marks

(b) Is this water suitable for drinking? Support your conclusion with evidence.

(¢) Is this water hard? Support your conclusion with calculations.
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Question 32 (7 marks)

A sample of an unknown organic compound was analysed using mass
spectrometry, IR spectroscopy and proton and carbon-13 NMR. The resulting
spectra, along with the proton NMR chemical shift data, are shown below.

100 —
M5—-Hl- 0025

50—

@
(=]
|

Relative Intensity
I
L]
|

20—

10 z0 0 40 =0 &0 70 80 30

m”ﬂﬁ

O IIII|II!I|IIII|I

Loo

50+

IEHMSOLL THHLET &1

T T T
2000 1500 Loon 500
HAVENUHBER | -1

T
4000 3000

Question continued on next page.
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Question continued.

3C NMR spectrum

T I ' I I I T I I I T I ' I T I
200 150 120 140 120 100 al =0 40 20 0
COS-00-035 £
'H NMR spectrum

/ 15
/
-
135
/7
/
-
l/" 1.0
J/
v 1 ' T T T T 1T * T " T ™ T T T " 1
11 10 a B 7 & S 4 z 2
HEP-03-534 ppm
Question continued on next page.
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Question continued.

TH NMR chemical shift data

Type of proton
Si(CH3)4 (TMS)
R-CHs
R-CH--R
R-CHR:
R-C=C-H (alkyne)

—-CO-CH_- (aldehydes, ketones
or esters)

R-CH.~NH
R-CH.—X (X = F, Cl, Br, I)

—CH_-O- (alcohols, ethers or
esters)

R-OH
R-NH.
R.C=CHR (alkene)
R-COONH-R (amide)
Ar-H (aromatic)
R-CHO (aldehyde)
R-COOH

&/ppm
0
0.9-1.0
1.2-1.5
1.5-2.0
2.0-3.1

2.1-2.7

2.4-3.0
3.0-4.5

3.3-4.8

Page 33



Sydney Grammar School Form VI Chemistry 2020 Trial Examination

Question continued. Marks

Deduce and draw the structural formula of the unknown compound, justifying your
answer with reference to the spectra.

END OF EXAMINATION
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HIGHER SCHOOL CERTIFICATE
‘ EXAMINATION
Chemistry

FORMULAE SHEET

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

1
A = gle =log,

PK, = —1”13’1{1[Ka] Tﬂ

Avogadro constant, N, ..., 60022 X 10 mol ™!

Volume of 1 mole ideal gas: at 100 kPa and
at0°C (273.15K) .o
at 25°C (298.15K) ..o, 2479 1

GAS COMSHANE <....ovveeroeeeee oo tees e ees oo 8314 T mol ™ K7
lonisation constant for water at 25°C (298.15K), K| ..o 1.0 x 107
Specific heat capacity of waler ..., 418 x 10° J kg ' K

2271L

DATA SHEET
Solubility constants at 25°C

Compound

K

Compound

K

sp sp

Barium carbonate 258 x 107 Lead(Il) bromide 6.60 x 107°
Barium hydroxide 255x%x 107 Lead(II) chloride 1.70 x 107°
Barium phosphate 1.3% 107% Lead(II) iodide 9.8 x 107
Barium sulfate 1.08 x 10710 Lead(Il) carbonate 7.40 x 10714
Calcium carbonate 3.36 x 107 Lead(II) hydroxide 1.43 x 1071
Calcium hydroxide 5.02x 107 Lead(II) phosphate 8.0 x 1074
Calcium phosphate 2.07 x 107 Lead(Il) sulfate 253 x 1078
Calcium sulfate 493 x 107 Magnesium carbonate  6.82 x 107
Copper(1l) carbonate 1.4 x 10710 Magnesium hydroxide ~ 5.61 x 10712
Copper(1I) hydroxide 2.2 x 1073 Magnesium phosphate  1.04 x 107
Copper(1l) phosphate 1.40 x 10~ Silver bromide 535 x 10713
Tron(IT) carbonate 313 x 1071 Silver chloride 1.77 x 10717
Iron(IT) hydroxide 4.87 x 107 Silver carbonate 8.46 x 10712
Iron(11T) hydroxide 279 x 10~ Silver hydroxide 2.0x% 107
Iron(I1T) phosphate 9.91 x 1071 Silver iodide 8.52x 1077

Silver phosphate 8.89 x 1077

Silver sulfate 1.20 x 107°

Aylward and Findlay, ST Chemical Dara (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 Wavenummber fcm™ Type of carbon 5/ppm
|
L 3300-3500 s 540
(amines) | |
|
O—H 3230-3550 R—C —Clor Br 10-70
(alcohols) (broad) |
|
Re—Cir—=0—
C—H 2850-3300 T s
O
|
O—H 2500-3000 RN 2560
(acids) (very broad) |
| alcohols,
_ —C—0— cthersor 5050
C=N 22202260 | Gatarn
N /4
= 90-150
C=0 1680-1750 / ¥
R—C=N 110-125
C=C 1620-1680
110=160
Rl
CcC—0 1000-1300 [ esters or 160=185
0 acids i
R
c—c 750-1100 I aldehydes 144 330
0 or ketones
UV absorption
{This is not a definitive list and is approximate. )
Chromephore Aoy (MIN) Chromophors Aoy (MIN)
173 178
C—H 122 C=C
196 222
e 135 c—Cl 173
=C 162 C—EBr 208
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Some standard potentials

K™ +¢e”

Ba®® + 2¢”

Ca® + 2¢”

Na® + e~

]"».*ngi + 2e”

APT + 3¢”

Mn** + 2~

HO + ¢

Zn** + 2¢”

Fe* + 2¢”

Ni%* + 2¢

Sn** + 2e”

Pb>* + 2¢”

H +e”

5042' +4H* + 2e”
Cu®* + 2¢”

30,(g) + H,O + 2e”
Cu' +¢

3hy(s) +e”

1l (aq) + €

Fe'™ + ¢~

Agt+e

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

%Fz(g) + e

{12 A

Lt e O 2 /2 1 % Py Iy (A A

K(s)
Ba(s)
Ca(s)
Na(s)
Mg(s)
Al(s)
Mn(s)
TH,(g) + OH~
Zn(s)
Fe(s)
Ni(s)
Sn(s)
Pb(s)
JHy(2)
50,(aq) + 2H,0
Cu(s)
20H"
Cu(s)
-

-
FBZ!+

Ag(s)

Br~

H,0

cr-

i+, 7

Cr'™ + EHZD
ol

Mn’* + 4H,0
-

-2.94V
291V
287V
=271V
=236V
-1.68 V
118V
=083V
-0.76 V
=044V
-0.24V
-0.14V
=013V
0.00V
0.16 V
034V
040 V
052V
054V
062V
077V
080V
1.08 V
1.10V
1.23V
1.36 V
136 V
1.40 V
151V
289V
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Mty 1 A0 BO c@ 0O 1. 1@ BO cO »bO
2 AO BO cO @ 122 AO B@ cO DO
3. Aa@ BO cO 0O 13. AO BO cO 0@
4. AO BO c@ 0O 4. AO BO cO D@
5. aA@ BO cO bpO 15. AO BO c@® 00O
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SYDNEY GRAMMAR SCHOOL

2020
TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION

Chemistry

Section | - Multiple Choice

<

R

CANDIDATE NUMBER

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) 6
AO B@

new answer.

A® B ¥

) 8

cO

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

cO

D) 9
DO

DO

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




SECTION I: MULTIPLE CHOICE (20 marks)

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 Which of the following matches the inorganic acid and base with their correct

formula?
Acid Base
(A) H.PO, phosphoric NaOH sodium hydroxide
(B) HNO; nitrous NH; ammonia
( C) NH4* ammonium COs* carbonate
(D) H2SOs sulfurous CaO calcium dioxide

2 Which of the following is considered to be a limitation of Arrhenius’ model of
acids and bases?

(A) He did not account for acids that do not contain oxygen.

(B) He did not account for the presence of hydrogen-containing compounds
which are non-acidic in nature.

(C) He did not recognise the importance of water as a solvent in the nature of
acids and bases.

He did not recognise that some substances can act as acids or bases in
the absence of solvents.

3 Which of the following statements with regards to acid and base strength and
concentration is true?

(A) ) To neutralise a given amount of strong base, the number of moles of a
monoprotic weak acid is the same as that required for a monoprotic strong
acid.

(B) The same concentration of strong and weak monoprotic acids will contain
the same chemical amount of hydrogen ions.

(C) A weak acid is unable to neutralise a strong base.

(D) The pOH of a strong concentrated base will be greater than that of a weak
dilute acid.



4 If the pH of a solution was shown to be 10.5, what could we conclude about the
following parameters?
(A) The pOH will be 10-**
(B) The H* concentration will be 1.02
@ The OH" concentration will be 3.16 x 10

(D) The H* concentration x the OH- concentration will be 10

5 Which of the following statements correctly describes the relationship between
the strength of an acid, its hydrogen ion concentration, its pH and its pKa?

The stronger the acid, the lower the pK, value.
(B) A strong acid will have a pKa somewhere between 0.001 and 1000.
(C) An acid with a low pH will have a very large pKa.
(D) The greater the K, the larger the pK, value.

6 If a monoprotic acid has pH value of 3.2 and a concentration of 0.15 mol/L, what
will its Ka value be closest to?

(B) 6.3x10*
(C) 56
(D) 3.8x10°
7 Solid potassium amide KNH:reacts with water according to the equation:

KNH: (s) + H20 () — KOH (aq) + NHs(g)

The acid and its respective conjugate base in this reaction are:

(A) K*and KOH
B))  H.Oand OH

(C)  NHz and NH;
(D)  NHsand NHz
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8 A reaction in dynamic equilibrium is one in which:

(A) the concentration of the product is always independent of reaction conditions
(B) the enthalpy changes for the forward and the reverse reactions are equal
(C) the activation energies for the forward and the reverse reactions are equal

QD]) the rates of the forward and the reverse reactions are equal

9 lodine was added to 50 mL of each of two immiscible solvents X and Y in a
separating funnel as shown below.

1, in 50 cm® of solvent X

I, in 50cm’ of solvent Y

After shaking, the following equilibrium was established:

L) = (X
An extra 10 mL of solvent X was added, the mixture shaken and equilibrium was

allowed to re-establish. Which of the following statements is correct?

(A)  The concentration of I in Y increases

The concentration of |, in Y decreases

(C) The equilibrium constant increases

(D) The equilibrium constant decreases

10 Photosynthesis is not considered to be an equilibrium reaction because:

(A) it has a large negative AH value

(B) it has a small negative AS value

@ it has a large positive AG value
(D) it has a zero AG value



11 Will lead(ll) chloride precipitate when 50 mL of 0.10 M Pb(NQa), solution is mixed
with 50 mL of 0.10 M NaCl solution?

@ Yes, because the ion product is greater than the Kqp.
(B) Yes, because the K, is greater than the ion product.
(C) No, because the ion product is smaller than the Ksp.

(D) No, because the K, is smaller than the ion product.

12 The reaction:
CO(g) +3 Hz(g) = CHa(g) + Hz0 (g)
has an equilibrium constant of 3.9 at 950 °C.

The equilibrium concentrations of CO (g), H. (g) and HxO (g) are given in the table.

Substance Equilibrium concentration (mol L)
CO (g) 5.0x 102
H: (9) 1.0x 102
H.0 (g) 4.0x10°

What is the equilibrium concentration of CH, (g), in mol L, at 950 °C?

(A) 2.0x107
@ 4.9x10%
C) 3.1x10°®
(D) 4.9x10"

13 A solution is made by dissolving solid sodium hydroxide and barium hydroxide
in water. Which of the following must be true regarding the concentrations of
each of the ions in solution formed?

(A) [Na'] = [Ba*] = [OH]

(B) [Na'] = [Ba?] = 3 [OH]
(C) [Na*] + 2 [Ba?] = 3 [OH1]
@ [Na‘] + 2 [Ba?] = [OH]



14 Complete combustion of an organic compound forms 40 mL of carbon dioxide
and 40 mL of water vapour, under the same conditions of temperature and
pressure. Which of the following could be the molecular formula of the organic

compound?

(A) CsHe

(B) C:H.0
C2H3N

@ C.H.O

15 Four atoms, 1-4, are labelled in the structure below.

4

1 CH g3 _OH

I
0]

Which atom has a trigonal planar arrangement of bonds around it?

(A) Atom 1
(B) Atom?2
@ Atom 3
(D) Atom4

16  Which compound(s) is/are structural isomer(s) of CgH120-?

I hexanoic acid
Il ethyl butanoate
Il propyl propanoate

(A) Onlyl
(B) I and Il only
Il and Il only

@ Al of I, Il and Ill



17 What is the IUPAC name of the following compound?

(A) 1,1,2-trimethylpentane
2,3-dimethylhexane

(C) 4,5-dimethylhexane

(D) 4,5,5-trimethylpentane

18 In the infra-red spectrum of an organic compound, a strong band is observed
at 3000 cm™'. The most likely explanation for this band is:
(A) the electrons absorb this IR radiation and are excited to a higher orbital.
(B) protons absorb the radiation at this frequency and change their spin.

@ﬂ absorption of this IR radiation wavenumber causes vibrations of the C-H
./ bonds.

(D) absorption of this wavenumber of IR radiation causes a substitution
reaction.

19 Bromine water can be used to test for the presence of which of the following
organic functional groups?

Carbon-carbon double bonds

(B) Hydroxyl groups
(C) Carboxylic acids
(D) Aldehydes and ketones
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20 The proton NMR spectrum for butan-2-one is shown below, along with a
numbered structure of butan-2-one.

)cL/
4
1 2,

20 1.0 & ppm

Identify the position (1-4) of hydrogen atoms that are responsible for the singlet
peak at 2.1 ppm.

(A)) 1
B) 2
© 3

D) 4



SECTION II: 80 marks U ING ST et E U

Attempt ALL Questions CANDIDATE NUMBER

Write your answer in the space provided.

Question 21 (4 marks) Marks

Acids react with carbonates in predictable ways. Formic acid has the formula HCOOH
and its pKa is 3.75.

(@ Write a balanced chemical equation to represent the reaction between formic
acid and sodium carbonate.

Z//(ca//%%(634———72/%//5&6/%[0%/% 1

(b) State whether you would expect the salt formed in part (a) to be acidic, neutral or
basic. Explain your answer including an appropriate equation.

DA S ¥, o, pehle. At o S A G 52 hrcnlbotans” 3
G T YD UL TP

AND Y So mewtbices. OH.mch.. JCV?/S né,ns

//Wf««A//S ....... BBl

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

Z MARILS 5%’/‘;?&)%/%44& .....................................................
0(://&
MO > sh/ s bosic

[ mperd c&a;/c es iy pice / pr™ %&/M)/&;

Z”'V("M Foer€
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Question 22 (3 marks) Marks

The dihydrogen phosphate ion has the formula H.PO4™.
(@) Write an equation to show dihydrogen phosphate reacting with:

i) an acid

(i) a base

ol e ULl A D
///& JJE3 5‘/%% % bo cherA 25 47‘2!61& A L base

oS & M z{/‘? G Ma)ipAnr1 - /Mﬂ/jm

s 7/
(b)” Identify the term that we use to describe substances that can act as both acids
and bases, such as dihydrogen phosphate.

\

Page 12



Marks

Question 23 (4 marks)

The equipment shown below may be used to measure the enthalpy of neutralisation.

| ———————1thermometer

iid

insulated vessel

reaction mixture

10.0 mL of 0.500 M solution of HCI are mixed with 10.0 mL of 0.500 M solution of
NaOH in the cup shown. The enthalpy change for this reaction is -55.8 kJ mol™.

(@)  If the initial temperature of the reactants was 25.0 °C, calculate the final
temperature once the reaction had finished.

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

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

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

(b) State one assumption you made in this calculation.

¢ ///%W/r?/mod«a// %/%?/%444)%«7 1
A x e specflc A rapeci o Ao SollV s 45 % /855K

B BT aé/nsf%/ AT PO /ﬂ/n&



CANDIDATE NUMBER

Question 24 (5 marks) Marks

50.0 mL of a solution of HCI with pH 3.0 was mixed with 30.0 mL of a solution of
HNO; with pH 5.0.

(@) Calculate the pH of the resultant solution.

HCI HNO;
pH 3 5
H' conc 10 10° Step 1
vol 0.05L 0.03L
n 5x10° 3x107 Step 2
n total 0.08L Step 3
H" conc total 0.00062875M Step 4
pH 3.2 Step S

3 marks - 5 correct steps
2 marks - 4 correct steps

1 mark — 1 to 3 correct steps

(b) Explain how the pH and H* concentration of the resultant solution would differ
from that calculated above, if ethanoic acid was used instead of nitric acid.

2 marks — -+
(’//3 Cco  + H'T = CHH coor/
e Addition of H* from HCI would shift equilibrium to RHS
e therefore decreasing the H" conc and increasing the pH
OR having no effect on the pH due to the relative concs of the 2 acids.
NB 2" point must follow on from first logical explanation
1 mark e Addition of H* from HCI would shift equilibrium to RHS
e OR (see below)

The fact that ethanoic acid is weak and only partially ionises does not EXPLAIN the difference
since the pH and hence original H* conc of the ethanoic and nitric acids was initially the same.

This answer was awarded 1 mark.
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Question 25 (9 marks)

2020 Trial Examination

Marks

An acid / base titration was undertaken using an electronic pH meter. The resultant data

is shown in the table below.

%a/é /é % @ Volume of acid added

pH
(mL)
//7/5 40 9.4
O 88 8.6
04 8.0
Lone / A, / \/ 08 7.6
101 2.2
104 1.4
116 1.2
140 0.8

(@) Plot the data provided on the grid below and draw a line of best fit.

Jo re Be o S 60 Fo FU %

i) ,a/w i
| %n 2ot CA”ZW’Z;

reo o by o e 50

V,/, ﬁa‘/ﬁ/\/e&/é4> 3

uestion continued on next page.



Question 25 continued Marks

(b) By analysing your graph, deduce the strength of the base used in this

titration.
3 marks| Base is weak because - e Equivalence point is around pH 4.5 - 5
any 2 of the following points e Point of inflection is around pH 4.5 -5
e Salt produced is acidic, around pH 4.5 -5
2 marks| Base is weak because - e Equivalence point is around pH 4.5 -5

any 1 of the following points e Point of inflection is around pH 4.5 -5

e Salt produced is acidic, around pH 4.5 -5

1 mark | Any of the following points e Equivalence point is around pH 4.5 -5
e Point of inflection is around pH 4.5 -5
e Salt produced is acidic, around pH 4.5 -5

OR
Base is weak because the initial pH is 9.4
(this would also be true for a dilute strong base)

(€)  Titrations can also be done by means of a chemical indicator in place of a
pH meter. These indicators are usually weak acids in equilibrium with their
conjugate bases, at roughly equal concentrations when they change colour.
Explain why it is important during titrations to keep the amount of indicator
added to a minimum.

3 marks *Addition of a large amount of indicator could change the H" conc
and pH of the solutions in the conical flask.

AND *The weak acid and its conjugate base could absorb or release H" ions
minimising any changes to H" conc or pH which would result from
addition of acid or base (ie it would buffer the solutions).

AND *This could cause — additional inflection points

OR - changes in equivalence points

OR - accurate or valid readings being hard to achieve

2 marks Any 2 of above points

1 mark Any 1 of above points
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Question 29 (14 marks) MARUE Marks

This question is about alcohols.

(@ Construct a chemical equation to show the complete combustion of hexan-1-ol.

Ce H

AccePT : MULTIPLWES
ACErT 2 Col0 o CH CACHCheH ChoH e hpon--ol

(b)  Many alcohols, including ethanol, are soluble in water.

i Explain, with the aid of a diagram, how ethanol interacts with water. 2
H 4
| d-
H"C"C-O\ S+ - |
I d (uainto
M H N
H

NoTE : Leng PAIR (s NOT REQWERBD
ALBPT: — /==~ / v~ /0 Tot A Bunp
NotG: MusT S S+ oW H ANp J- ov O nvevED
ii. Using the data in the table below, explain the difference in solubility
between hexan-1-ol and hexane-1,6-diol.

Alcohol Solubility in water (g L)
hexan-1-ol 5.9
hexane-1,6-diol 500
Mot H balr con Perm ger molesde. 1

NoTY ¢ Cover coviitd borvoard rmarks auarded
Acoep-r.WLJ\rJ‘-ﬁ‘:‘l‘;oh;\"yAy‘wcu! .'F ..... :Aw,“)",“ ,qu’)

ACLEPT : Mo Xolc.r 0-H m.r, mocs mtvadkios vith wle

uestion contin next page. ('l' inoreed A L)
RECTCCT : Moe 0-V Londs uih\»j’ Lk'rlawnl.‘vn
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Question continued. Marks

() Hexan-1-ol has a number of different structural isomers.

i. Draw, using full structural formula, and name one position isomer of
hexan-1-ol.

Wy wn A o 2

| \ | J -1 _

R S N S L hexen-73 ol
| | ) | [ 4

H » U o H AccePt . —oH
{

H

Draw, using skeletal formula, and name one chain isomer of hexan-1-ol.

/Y\/a“ 3-:\44,"]“7\?&4"6'\— \ "ooQ

A’%PT : 130(\-4/] ﬂ.d’ &Je
bohs chain posih o
Mo oml/ S,

Name the isomer that is resistant to oxidation by acidified potassium
dichromate.

-md’l~\9]§m1m-—’l—eol

............................... 1
/3 ~ m&ny] rtn o - 3-04’
(d) Hexan-1-ol can be reacted with ethanoic acid to make an ester. Using structural
formula, write the equation for this reaction. 2

o) o
NS\ o+ /'Lol,\é AN~ o AL
N\,

+ H,o
Condikent : conc. "\1 soq 2 FL("\A)!

Question continued on next page.

mAnk L wal0n

mAlk T ¢ cone. H, S0y n)’%ﬂ'
Page 24
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Question continued. Marks

(e) Alcohols are important in organic synthesis and can be synthesised from
halogenated alkanes.

Complete the flow chart, by drawing structures of the intermediates and
identifying reagents, to show how cyclohexylmethanol can be synthesised from
1-methylcyclohexene.

c)
O/CHe, HCI (@) (j/ ch i, Q(M
¢l

1-methylcyclohexene

"

MARK | MAnk 2
NaOH (aq)
NOTG: T P avended """ heat
o | e skanhue + hydakon elimination

CordiNons Corek

o L ek shadweo ¥ LW)MOFM CH,
codilNonas iacorretk g

o L corcuk sttwdwto sn Wronf ol

+ l\v‘l(akoa cordilony tetcelk. H 20
H; Pag‘, /’J‘l‘z}oq d‘".
mMAnk 3 5Py

orm

O/\OH

cyclohexylmethanol

NoTé - \% FMAM}\ o~ l)mAud’ 1 ore 3
Ur‘ﬂs ua.7 ~ro AbAv\d' \ rmaclk

Hao , HyPOy /H259, oc Al HyPoy /0,52
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Question 30 (8 marks) Marks

Polymers offer a wide range of properties, enabling them to be used in many different
applications.

(@ Polyethene and polyvinyl chloride are two commonly used addition polymers.

(i) Identify the feature found in these monomers that allows them to produce
addition polymers.

Loarbon... r..cw..Lom......cl.e.m.\a.l..».e.......\..MA ............................... 1
Aagrt: Jode bed bdue ey

AcLgpi ¢ Alident Fandhan -y
N6TET : Dovdle bord
(i) Polyvinyl chloride has a much higher melting point than polyethene.
Explain this difference in melting point in terms of their structures.

...... cf"(’]b“‘ho\wva\m/ﬂ'(au\s 3

...... PVMMA—A\’){*'\Q—);VQ\#m"mvkmf
Skn«;ﬁu’(kﬂd:?«ﬂwv\ : N.la ................

...... PMecer . tntrpg . teamitald.  te jepeceds

ACLEPT : Shmbv ”l:’("”:“ ‘O““‘ (Mx |ML)

Question continued on next page.
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Question continued. Marks

(b)  The campaign to end the use of some plastics has led scientists to develop new
biodegradable polymers. Polylactic acid, PLA, is a condensation polymer which

was originally developed for medicinal applications but can also be used for
biodegradable packaging.

A section of the polymer is shown below.

CH2

cHy

i.  Draw the structure of lactic acid. ngeT : (
M [

o
HO/RKOA
0

i. Asample of PLA has a mass of 0.125 g, estimate the number of

. monomers used to make this sample.
1 ono.
tf:’:; 9} S;’;"; Forml,.... "Pnr.gahmsum\' ....... - C}H . @3

/,-6\’ MY ...... ‘y ..... I‘Lr LodNng. ...y \.'}. ....... = ")‘2-0529/»-41"

NoTg : 6Ceor V\((‘rrth.\mjhn")t ....... Q298
conritd Lol oo e X¥2..062 ¢mal~"

gavaf T
I .. 0.0al335.. mel CM?;
NY,...04. MeNIMYS = MO Og't?eWqu‘

c Loj » 10%! @
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Question 31 (5 marks) Marks

The presence of calcium and magnesium ions in water can cause ‘water hardness’
that affects the taste of water. Recommendations have been made for the
maximum level of calcium (80 ppm) and magnesium (30 ppm) in drinking water, and
a total hardness, expressed as the sum of the calcium and magnesium
concentrations, of 3 mmol/L.

A 500.00 mL sample of water was analysed using Atomic Absorption Spectroscopy
(AAS). The calibration curves and sample data are given below.

CALIBRATION CURVES

090 —— | — — — |

080 == | , } S j/ Magnesium
: |

070 ————— | ' |

ABSORBANCE

0 20 a0 W-S% 80 100 120
{40 CONCENTRATION (PPM)
—_—
Sample — Calcium absorbance 0.20
Sample — Magnesium absorbance 0.32

(@) Explain why AAS can be used as a quantitative technique for a solution
that contains both ions.

Question continued on next page.
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Question continued. Marks

(b) Is this water suitable for drinking? Support your conclusion with evidence.

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

7 s
----------------------------------------- 2

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

(/) ................................... v lds.rel oo . 85 20536
x Most have = caleylation That 1nvolves ’Wf”’f)/ £
¥ Nofc . /D/Dm ="M, <o S00 ml. At ol /u’/f/(/ﬂm’/‘ '

K Must tompane o 3 mmsT /L
U . Mf & &tu/c//:s N"W\‘j/ AML made

4 ce » mmol L

c"jo’/r(:(;(: (2] ﬂ\/bﬂ V]QO")



Questio

A sampl

spectrometry, IR spectroscopy and proton and carbon-13 NMR. The resulting

n 32 (7 marks)

e of an unknown organic compound was analysed using mass

spectra, along with the proton NMR chemical shift data, are shown below.
u%
100~
HE=NI-0025 _ C ¥ 4
o |l
80 — ﬁ, ll'j,
Y
> 5
T 60 P
£
QO
=
S 40
D
o
20
0 I | ||| 1 |J‘, 4 .‘ | | /h
IllI|IIii[I'ITI1IFIII|I[I]II1I|II I|ITI'I|I'II[[II1!lIIII|[[II|iT!I'[I[li]IT!!]I[iI
10 20 30 40 50 60 70 80 %0
m/z

LOD

o
o
L

IRHNDNL | T ELEl R

HAVENURBER! -1

Question continued on next page.
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Question continued.

3C NMR spectrum

)
.—y%
«— esfer or
acid shif
/ not kedone or N
aldehyde )
S I S I B I B 7 L - AN N NN
200 180 160 140 120 100 80 60 40 20 0
CDS-00-095 om
'H NMR spectrum 54— O SFIlﬁL/'\”ﬁ
/ 15 /Sole 0#3
3 H@mvirar\mc:‘B
/
S0 Mﬁfrv--cl—-t“'ﬂ ' 3
/ 15
2
CHL ’/? 19
Vlé-'?i'{'"{-t’ / | 6#3 h %4/40 WL
o CHy JL
i\
l ] ' T I L l L) l ¥ I 1 I L] | T | ] I L) ] L] ]
11 10 9 8 7 6 5 3 z 1 0
HEP-03-534 ppm



Question continued.

TH NMR chemical shift data

Type of proton
Si(CHs)s (TMS)
R-CHs
R-CH>-R
R-CHR:
R-C=C-H (alkyne)

-CO-CH.- (aldehydes, ketones
or esters)

R-CH-NH.
R-CHX (X = F, Cl, Br, I)

—CH>-O- (alcohols, ethers or
esters)

R-OH
R-NH:
R-C=CHR (alkene)
R-COONH-R (amide)
Ar-H (aromatic)
R-CHO (aldehyde)
R-COOH

&/ppm
0
0.9-1.0
1.2-1.5
1.5-2.0
2.0-3.1

——

(“ 2.1-2.7 )o¥

2.4-3.0
3.0-4.5

ks::aj_g}

1hj OH’B hea?

<k lf']l means
/l
y

L not—an
aldehjﬂ‘{*"-- -
e




Question 32
Deduce and draw the structural formula of the unknown compound, justifying your

answer with reference to the spectra.

Marks | Criteria

7 e Draws ethyl ethanoate
e Clear and logical justification with reference to all 4 spectra

¢ Eliminates alternatives e.g. methyl propanoate using proton NMR or MS

6 e As for 7 marks less 1 point (usually alternatives)

4-5 o Correctly relates most spectral data to structure drawn, even if incorrect
structure has been given

3 e Identifies information from all 4 spectra

1-2 ¢ Identifies some relevant information from any spectra.

Marked holistically
MP = did not justify why the structure is not methyl propanoate

Too many boys just identified a list of features and did not relate them to the structure, nor
justified how these features helped establish their structure.

Note it was possible to guess correct structure and still not answer the question, so less
than 7 was given.



