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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 ) 8 (D) 9
AO B@® cO DO
If you think you have made a mistake, put a cross through the incorrect answer and fill in the
Nnew answer,
A® B ¥ cO DO
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indicate the correct answer by writing the word correct and drawing an arrow as follows.

/ correct

A B ¥ cO DO
. A0 BQO cO bpO 11. a0 O cO bpO
2 A0 BO cO bpO 122 a0 O c¢cO bpO
3. A0 BO cO bpO 13. a0 BO cO bpO
4. A0 BO cO O 14. A0 BO cO© O
5 a0 BO cO 0O 15 a0 BO cO bpO
6. O BO cO DO 16. O BO cO bpO
7 A0 BO c¢cO DO 17 a0 BO cO bpO
8. A0 BO cO DO 18. A0 BO cO O
9. a0 BO cO O 19. A0 BO cO O
1. A0 BO cO© DO 200 AO BO c¢cO DO
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SECTION I: MULTIPLE CHOICE (20 marks)

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 Which one of the following is an acid-base conjugate pair?

(A) HCI (aqg) / NaOH (aq)

(B) H20 (I) / OH" (aq)

(C) H=SO0s (aq)/ SO+ (aq)

(D) CH3COOH (aq) / CHsCHO (aq)

2 Which change increases the pH of a solution from 3 to 6?

(A) Doubling the [H30"]
(B) Halving the [OH]
(C) Decreasing the [H;0*] by a factor of 1000
(D) Decreasing the [OH] by a factor of 1000

3 Which one of the following conductivity curves represents a titration that has a

weak acid in the beaker with a strong base being added to it?

A A
§ g g o
g 8 g g
g g g g
% ¢ g g
] 4 § g
g g - -
8 \/ j \ ; / ’ ﬁ
» - »
wvolume of base added volume of base added ed

-
volume of base add: volume of base added

(A) (B) ©) (D)

4 Which of the following solutions (at the same concentration) will have the lowest
pH value?

(A) Ammonium chloride
(B) Sodium nitrate

(C) Potassium carbonate
(

)
D) Sodium ethanoate
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5 Tollens’ reagent was added to an unknown organic compound. This compound

reduced this reagent to a silver mirror as shown below.

Which of the following could the unknown organic compound be?

(A) propanal
(B) propanone
(C) propanoic acid
(D)

2-propanol

6 Which of the following statements must be true for a reaction where K is very large?

(A) Equilibrium is reached very quickly.
(B) The forward reaction is extremely endothermic.

(C) At equilibrium, the forward reaction rate is much greater than the reverse
reaction rate.

(D) The reaction essentially proceeds to completion.

7 Which of the following molecules is a secondary amide?

CHy CHy CHy
e N e N e N O
3 T \CH3 T \CH3 3 T Y
O
®) O O
(A) (B) ©) (D)
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8 Cinnamic acid, shown below, is an organic compound that is the main flavour

component of cinnamon.

H H
[ — E'/
\C —0
o
\H

Which of the following reagents would you expect to react with cinnamic acid under

the conditions given?

Reagent | Bromine water at Sodium carbonate
room temperature solution
(A) Yes Yes
(B) No Yes
©) Yes No
(D) No No

9 Which molecules are isomers of propan-2-yl acetate, shown below?

0] O 0]
@)
HO \O \O W
@)
I I 1l vV
(A) landll
B) Iland IV
I, Iland IV

D

(
(@
(D) I, land IV

)
)
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10 When 0.1 mol L' solutions of the following pairs of substances are mixed, which

pair will produce a precipitate?

(A) zinc chloride and sodium sulfate
B) copper(ll) sulfate and barium nitrate
magnesium nitrate and sodium chloride

)
D) ammonium chloride and sodium hydroxide

11 What is the IUPAC name of Compound A?

Cl
Br
Cl

Compound A

(A) 2-bromo-3,4-dichloro-2-ethylpentane
(B) 2,3-dichloro-4-bromo-4-ethylpentane
(C

(D

) 2,3-dichloro-4-bromo-4-methylhexane
)

4-bromo-2,3-dichloro-4-methylhexane

12 Which of the following molecules contains a carbon atom that bonds to adjacent

atoms with trigonal planar geometry?

(A) CoHe

(B) CHsNH,
(C) CHsCHO
(D) CHsOH

13 Complete combustion of one of the following organic compounds formed equal
volumes of carbon dioxide and water vapour, under the same conditions of

temperature and pressure. What is the molecular formula of the organic compound?
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14 Which of the following equilibria will produce a greater amount (in mol) of products

when the temperature of the system is decreased and when the total pressure is

increased by decreasing the volume of the reaction vessel?

(A)
(B)
©)
(D)

N2(g) + 3 Hz(g) = 2 NHs(g)
N204(g) =2 NOZ(Q)

Ha(g) + I2(9) = 2 HI(g)
PCls(g) = PCls(g) + Clz(g)

AH® = -92 kJ mol
AH® = +57 kJ mol
AH® = -9.5 kJ mol~!

AH® = +88 kJ mol

15 The polymer polylactic acid, PLA, shown below, is a condensation polymer made from

a single monomer.

=
‘o —w]

=

@]
N—0O—m
o
n—~0 —m

|
T
C

H;

H;

n

How many unique proton environments would there be in the '"H NMR spectrum of

PLA’s monomer?

(A) 1
(B)
C
(

p)
) 3
D) 4

16 Which mixture would produce a buffer solution when dissolved in 1.0 L of water?

(A) 0.50 mol of CHsCOOH and 0.50 mol of NaOH
(B) 0.50 mol of CH;COOH and 0.25 mol of NaOH
(C) 0.50 mol of CH;COOH and 1.00 mol of NaOH
(

)
D) 0.50 mol of CH;COOH and 0.25 mol of Ba(OH),
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17 What is the molar concentration of HzO* ions in an acetic acid solution in which the
[CH;COOH] = 2.0 mol L' and [CH3COO7] = 1.0 mol L' given K, = 1.8 x 10°.

(A) 6.0x10°M

(
(C
D

B) 3.6x10°M
1.8x10°M
9.1 x 10°M

18 Consider the ionisation of water at 25°C:

H-O(l) = H*(aq) + OH-(aq)

Kv=1.0x10"

At 37°C, Ky = 2.4 x 107'*. What can be deduced from this?

(A) The pH value of pure water decreases when heated.

(
(C
D

B) The enthalpy of ionisation of water is negative.

The [OH] at 37°C is lower than at 25°C.

The conductivity of water at 37°C is lower than at 25°C.

19 Consider the following reactions and their K4 values at 700 °C.

Ha(g) + I2(g) = 2 Hl(g)
2 Hz(g) + Sz(g) =2 st(g)

K; (at 700 °C) = 49
K (at 700 °C) = 1.1 x 10°

Which of the following is the value of K4 (at 700 °C) for the following reaction?

2 12(g) + 2 H2S(g) = S2(g) + 4 HI(9)

492
1.1x108

49
1.1x108

2X49
1.1x108

2x49-1.1x 108
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20 When gaseous nitrosyl bromide (NOBr) decomposes in a closed container at a certain

temperature and pressure, the following equilibrium is established:
2 NOBr(g) = 2 NO(g) + Br»(g)

4.0 mol of NOBr(g) were placed in a 1.0 L container and allowed to reach equilibrium.
At equilibrium, the concentration of Brx(g) was 1.0 mol L-'. What is the value of Keq

under these conditions?
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SECTION II: 80 marks

Attempt ALL Questions

Write your answer in the space provided. CANDIDATE NUMBER

Question 21 (3 marks)

Acetic acid is flammable. Thermodynamic data (at 298 K) for the complete combustion of

acetic acid is presented in the table below.

AH® = -874.2 kJ mol~' AS® = -2.6 J K- mol

Using the information in the table, explain why combustion of acetic acid does not come

to equilibrium but instead proceeds to completion.

ANS Page |
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CANDIDATE NUMBER
Question 22 (4 marks)

Formaldehyde (CH0) trimerises in acidic aqueous solution, according to the following

equation:
3 CHzO(aq) = C3H503(&C]) Keq =3.0x 10°

1.2 mol of formaldehyde is dissolved in water to form 1.0 L of solution; this system is

allowed to come to equilibrium.

Calculate the concentration of C;HsOs(aq) in the resulting solution.

Question 23 (3 marks)

Aluminium sulfate has a solubility of 36.4 g per 100 mL. Calculate K, for aluminium sulfate.

ANS Page 2
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. CANDIDATE NUMBER
Question 24 (8 marks) Marks

The industrial manufacture of methanol involves the following reversible reaction:

CO(g) + 2 Ha(g) = CH3OH(g) AH® = —=331.84 kJ mol

(@ Write the equilibrium constant expression for this reaction.

................................................................................................... 1
A mixture of CO, H. and methanol is placed in a reaction vessel of variable volume and
allowed to reach equilibrium.
(b) By referring to the reaction quotient, Q, and the equilibrium constant, K.q, explain

the effect of halving volume of the vessel on the amount (in mol) of methanol

present.

............................................................................................................................. 3
(© Using collision theory, explain the effect of increasing the temperature of this

system on the equilibrium constant, K.

............................................................................................................................. 4
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CANDIDATE NUMBER
Question 25 (6 marks) Marks

27.82 g of hydrated sodium carbonate crystals, Na,CO;-xH.O, was dissolved in water and
made up to 1.000 L. 25.00 mL of this solution was neutralised by 48.80 mL of hydrochloric

acid of concentration 0.1000 mol L.

(@  Write an equation for the reaction between sodium carbonate and hydrochloric acid.

............................................................................................................................... 1
(b) Calculate the molar concentration of the sodium carbonate solution neutralised by

the hydrochloric acid.

............................................................................................................................... 2
(c) By calculating the mass of water in the hydrated crystals, find the value of x.

............................................................................................................................... 3
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Question 26 (2 marks)

CANDIDATE NUMBER

The graph below represents a titration curve for a 0.100 mol L= ammonia (NH,) solution,

when it is titrated with a strong acid.

14

13

12

11

10

/
/

Py
-

P . e

0 T T T T T T

10 15 20 25 30

Volume of titrant (mL)

On the diagram above, draw the titration curve that would result if the ammonia is replaced by

a solution of sodium hydroxide of the same concentration.
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CANDIDATE NUMBER
Question 27 (3 marks)

Explain the term amphiprotic as it relates to the behaviour of salts in solution. Use the

salt, potassium hydrogen sulfate, KHSO., and equations to illustrate your answer.

Question 28 (4 marks)

The setup below can be used to determine the end point of an acid/base titration by

measuring conductivity.

DRl —
]
Demanstration
AC Ammeter Bulb 12V x
N CA\ -
T —"" :
12V AC Power supply
tirring rod
carbon elecnodev‘T

The graph that follows shows the changes in conductivity of the solution when a
solution of ammonia from the burette is added to a solution of sulfuric acid in the

beaker during a conductometric titration:

Question continued
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Sydney Grammar School Form VI Chemistry 2021 Trial Examination
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Question continued Marks

Conductivity

Volume of base added

(@ Using A, B or C, identify the equivalence point of this titration.
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CANDIDATE NUMBER

Question 29 (8 marks) Marks

Propanoic acid, CH;CH,COOH, is classified as a weak acid.

(@)

According to Brgnsted-Lowry Theory, state the meaning of the term weak acid.

............................................................................................................................... 1
Write a balanced chemical equation for the reaction of propanoic acid with

water.

............................................................................................................................... 1
Determine the pH of a 0.100 mol L™ solution of propanoic acid, given its pKa, = 4.87.
............................................................................................................................... 3
A mixture of propanoic acid and sodium propanoate can act as a buffer solution.
Calculate the pH of a solution containing 4.81 g of sodium propanoate in 1.0 L of

2.0 x 102 mol L' propanoic acid, stating any assumptions you have made.
............................................................................................................................... 3
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CANDIDATE NUMBER

Question 30 (4 marks) Marks

Lavandulol is a compound that is found in lavender oil. The structural formula of

lavandulol is shown below.

NS AN

OH

Lavandulol

(@ Give the molecular formula of lavandulol.

(c) Draw the structural formula of the molecule that is formed when lavandulol is

exposed to an excess of chlorine gas. 1

ANS Page 9



Sydney Grammar School Form VI Chemistry 2021 Trial Examination

. CANDIDATE NUMBER
Question 31 (3 marks)

There are two forms of the polyethylene polymer formed from the ethene monomer. The

two forms can be distinguished from each other based on the extent of branching.

2
T A

Type I Polyethylene Type Il Polyethylene

Identify a property that differs between the two types of polyethylene. Explain why there

is a difference.
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CANDIDATE NUMBER
Question 32 (3 marks)

The structure of a soap molecule is shown below.

]

/V\/\/‘\/\/‘\/\/‘\)J\O_Na+

Soap molecule

With reference to its structural features, explain the cleaning action of soap.

ANS Page 11
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CANDIDATE NUMBER
Question 33 (7 marks) Marks

The structural formulae of three isomeric alcohols are shown below.

TN J\/\/
HO o HO>H/

Alcohol A Alcohol B Alcohol C

(@  State which of the three alcohols is resistant to oxidation using acidified

potassium dichromate.

................................................................................................................ 1
() State the type of reaction Alcohol B will undergo to produce 2-bromohexane.
............................................................................................................... 1
(d) State the IUPAC name for Alcohol C.
............................................................................................................... 1
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CANDIDATE NUMBER
Question 34 (5 marks) Marks

Fumaric acid is a naturally occurring dicarboxylic acid. It is a key intermediate in human
metabolism and it is often used as a food additive. Fumaric acid is an important
molecule in synthesis as it can be readily converted into a range of molecules as seen in

the reaction scheme below.

(a) Using the reaction conditions given in the scheme below, deduce and draw the

structures of Compound A, Compound B and a section of polymer C. 3

HO
OH

)

Compound A Compound D

A

Excess CH30H
Conc. H2SO .
Reflux

o) H-0

HONOH Dilute H.SO,

O

Fumaric acid Compound B

Polymerisation

Polymer C Question continued
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CANDIDATE NUMBER

Question continued Marks

(b) State the reagent/conditions required to prepare Compound D from fumaric

acid.
............................................................................................................................... 1
(©) Identify the type of polymerisation fumaric acid must undergo to produce
polymer C.
............................................................................................................................... 1
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CANDIDATE NUMBER

Question 35 (5 marks)

A dilute solution of an unknown salt is to be analysed. The cation is one of Mg?*, Ba®* or
Fe®. The anion is one of chloride, acetate or sulfate.

Outline a sequence of tests that could be performed in a school laboratory to confirm the
identity of this salt solution. Include expected observations and a balanced chemical

equation in your answer.
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CANDIDATE NUMBER

Question 36 (5 marks) Marks
UV-Vis spectrophotometry was performed on two samples, A and B, with the

results shown below.

o
hd

p
o
b

=
e

- 4;
= =
e P i
o
&

Oiptical Density
o
L]

S00 L] 700 00

Wavelength (nm)
(@ If equal volumes of solution A and solution B were mixed, identify the wavelength that

should be used to measure the absorbance of Solution B in this unreacted mixture?

Justify your answer.

(b) A chemist used the appropriate wavelengths for each solution and constructed two

calibration curves on the same set of axes, as shown below.

o
[+

absorbance
o =]
» o

o
[N]

0 10 20 30 40 50 60 70 80 90

Concentration (ug/ml)

Question continued
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CANDIDATE NUMBER

Question continued Marks

The chemist found that, when it was measured at the appropriate wavelength,
Solution B had an absorbance of 0.400. If Solution B contained an organic
substance with molecular formula C23H27N30+5S (molar mass 617.53 g mol),

determine its concentration in mol L.

............................................................................................................................. 2
A sample of contaminated water containing the same compound as found in
solution A was analysed and found to have an absorbance of 0.80. Can the
calibration curve above be used validly to analyse the sample of contaminated
water for its concentration of the compound found in solution A? Justify your
answer.
............................................................................................................................. 2
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Relative intensity

CANDIDATE NUMBER
Question 37 (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 are shown below.
100
%
80
70
60

50

Transmittance (%T)

40

30

20

w | ’ |
0 | il || || 1

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 3500 3000

m/z

2500 2000 1500 1000 500
Wavenumber (cm™)

Mass Spectrum IR Spectrum

Jani mE Y, /

T
7

—
]
T T T T T T T T T T T T T T T T T
20 200 180 160 140 120 100 80 60 40 20 0 T e = .
(ppm)
3C NMR spectrum 'H NMR spectrum
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CANDIDATE NUMBER

Question continued.

Deduce and draw the structural formula of the unknown compound, justifying your
answer with reference to the spectra. Note the proton NMR shift data has not been

provided.

ANS Page 19
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HIGHER SCHOOL CERTIFICATE
| EXAMINATION
Chemistry

FORMULAE SHEET
= c= = PV = nRT
MM v

q = mCAT AG°® = AH® — TAS®

n

pH = —log,,[H'|

I
pK, = —lugm[K’a] A=¢glc= ]lungEj

Avogadro constant, Ny ... e 0022 X 10* mol !

Volume of 1 mole ideal gas: at 100 kPa and
at 0°C (27315 K) o,
at 25°C (298,15 K) .. 24779 1L

GAS CONSANT ©...oo.oveovviv e sees oo 8,314 J mol ™ K
lonisation constant for water at 25°C (298.15K), K .................. 1.0 x 1071
Specific heat capacity of waler ... 418 % 10° T kg ' K!

2271 L

DATA SHEET
Solubility constants at 25°C

Compound K, Compound K,
Barium carbonate 258 x 1077 Lead(IT) bromide 6.60 x 107°
Barium hydroxide 255 %x 107* Lead(II) chloride 1.70 x 107°
Barium phosphate 13%x107% Lead(Il) iodide 9.8 x 107°
Barium sulfate 1.08 x 10710 Lead(II) carbonate 7.40 x 1071
Calcium carbonate 3.36 x 107~ Lead(II) hydroxide 1.43 x 10715
Calcium hydroxide 5.02 x 1078 Lead(11) phosphate 8.0 x 1075
Calcium phosphate 2.07 x 107 Lead(1l) sulfate 253 x 1078
Calcium sulfate 493 x 107 Magnesium carbonate  6.82 x 1070
Copper(1l) carbonate 1.4 x 10710 Magnesium hydroxide ~ 5.61 x 10712
Copper(Il) hydroxide 2.2 %1070 Magnesium phosphate  1.04 x 107
Copper(Il) phosphate 1.40 x 1077 Silver bromide 535 x 1071
Iron(II) carbonate 3.13 x 107! Silver chloride 1.77 x 10717
Iron(IT) hydroxide 4.87 % 107" Silver carbonate 8.46 x 10712
Tron(I1T) hydroxide 2.79 x 107 Silver hydroxide 20x%x 107
Tron(11T) phosphate 9.91 x 1076 Silver iodide 8.52 x 1077
Silver phosphate 8.89 x 10717
Silver sulfate 1.20 x 1073

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 Wavenumber /em ™ Type of carbon &/ppm
|
N—H 3300-3500 —C—C— 5-40
(amines) | |
|
O—H 3230-3550 R—C—ClorBr 10=70
falcohals) (broad) |
|
R—C—C—
C—H 2850-3300 ] 20-50
0
|
O—H 2500-3000 R—C —N 2560
(acids) (very broad) |
| alcohols,
_ — C—0— ethersor 5050
C=N 222(-2260 | esters
A !
C=C 90150
C=0 1680-1750 / At
R—C=N 110-125
Cc=C 1620-1680
110-160
R—C—
cC—0 10001300 I Csiers of 160—185
0 acids )
R—C—
c—cC 750-1100 I aldehydes 190 390
0 ar 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 Cc—Cl 173
=C 162 C—DBr 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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SYDNEY GRAMMAR SCHOOL

CANDIDATE NUMBER
ol

2021
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) 6 ) 8 (D) 9
AO B@® cO DO
If you think you have made a mistake, put a cross through the incorrect answer and fill in the
Nnew answer,
A® B ¥ cO 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 correct and drawing an arrow as follows.

/ correct

A B ¥ cO DO
. a0 B cO 0O 11. a0 BO c¢cO D@
2 A0 BO c@® »nO 122 a0 O c¢c@® »nO
3. A0 BO ¢c® nO 13. a0 BO cO @
4. Aa@® BO cO DO 4. 2@ BO cO 1O
5. a@®@ BO cO 0O 15 A0 BO cO bp@®
6. A0 BO cO D@ 16 A0 2®» cO DO
7. A0 BO c@ 00O 17. A0 B@® cO pO
8. Aa® BO cO DO 18. A®&@ BO cO O
9. A0 BO @ 0O 19. a® BO cO O
1. 2O B@ cO DO 200 AQO B@® cO bpO
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SECTION I: MULTIPLE CHOICE (20 marks)

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 Which one of the following is an acid-base conjugate pair?

(A) HCI (aqg) / NaOH (aq)

(B) H20 (I) / OH" (aq)

(C) H=SO0s (aq)/ SO+ (aq)

(D) CH3COOH (aq) / CHsCHO (aq)

2 Which change increases the pH of a solution from 3 to 6?

(A) Doubling the [H30"]
(B) Halving the [OH]
(C) Decreasing the [H;0%] by a factor of 1000
(D) Decreasing the [OH] by a factor of 1000

3 Which one of the following conductivity curves represents a titration that has a

weak acid in the beaker with a strong base being added to it?

A A
§ g g o
g 8 g g
g g g g
% ¢ g g
] 4 § g
g g - -
8 \/ j \ ; / ’ ﬁ
» - »
wvolume of base added volume of base added ed

-
volume of base add: volume of base added

(A) (B) ©) (D)

4 Which of the following solutions (at the same concentration) will have the lowest
pH value?

(A) Ammonium chloride
(B) Sodium nitrate

(C) Potassium carbonate
(

)
D) Sodium ethanoate
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Sydney Grammar School Form VI Chemistry 2021 Trial Examination

5 Tollens’ reagent was added to an unknown organic compound. This compound

reduced this reagent to a silver mirror as shown below.

Which of the following could the unknown organic compound be?

(A) propanal
(B) propanone
(C) propanoic acid
(D)

2-propanol

6 Which of the following statements must be true for a reaction where K is very large?

(A) Equilibrium is reached very quickly.
(B) The forward reaction is extremely endothermic.

(C) At equilibrium, the forward reaction rate is much greater than the reverse
reaction rate.

(D) The reaction essentially proceeds to completion.

7 Which of the following molecules is a secondary amide?

CHy CHy CHy
e N e N e N O
3 T \CH3 T \CH3 3 T Y
O
®) O 0
(A) (B) ©) (D)
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Sydney Grammar School

Form VI Chemistry

2021 Trial Examination

8 Cinnamic acid, shown below, is an organic compound that is the main flavour

component of cinnamon.

H H
[ — E'/
\C —0
o
\H

Which of the following reagents would you expect to react with cinnamic acid under

the conditions given?

Reagent | Bromine water at Sodium carbonate
room temperature solution
(A) Yes Yes
(B) No Yes
©) Yes No
(D) No No

9 Which molecules are isomers of propan-2-yl acetate, shown below?

0] O 0]
@)
HO \O \O W
@)
I I 1l vV
(A) landll
B) Iland IV
[, Iland IV

D

(
(C
(D) I, land IV

)
)
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Sydney Grammar School Form VI Chemistry 2021 Trial Examination

10 When 0.1 mol L' solutions of the following pairs of substances are mixed, which

pair will produce a precipitate?

(A) zinc chloride and sodium sulfate
B) copper(ll) sulfate and barium nitrate
magnesium nitrate and sodium chloride

)
D) ammonium chloride and sodium hydroxide

11 What is the IUPAC name of Compound A?

Cl
Br
Cl

Compound A

(A) 2-bromo-3,4-dichloro-2-ethylpentane
(B) 2,3-dichloro-4-bromo-4-ethylpentane
(C

(D

) 2,3-dichloro-4-bromo-4-methylhexane
)

4-bromo-2,3-dichloro-4-methylhexane

12 Which of the following molecules contains a carbon atom that bonds to adjacent

atoms with trigonal planar geometry?

(A) CoHe

(B) CHsNH,
(C) CHsCHO
(D) CHsOH

13 Complete combustion of one of the following organic compounds formed equal
volumes of carbon dioxide and water vapour, under the same conditions of

temperature and pressure. What is the molecular formula of the organic compound?
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Sydney Grammar School

Form VI Chemistry

14 Which of the following equilibria will produce a greater amount (in mol) of products

when the temperature of the system is decreased and when the total pressure is

increased by decreasing the volume of the reaction vessel?

2021 Trial Examination

(A) Nag) + 3Hag) =2 NHs(g) AH® =-92 kJ mol
(B) N:04(g) = 2 NO(g) AH® = +57 kJ mol-
(C) Ha(g) + I2(9) = 2 HI(g) AH® = -9.5 kJ mol
(

)
D) PCls(g) = PCls(g) + Clx(g)

AH® = +88 kJ mol

15 The polymer polylactic acid, PLA, shown below, is a condensation polymer made from

a single monomer.

=

‘o —w]

=

@]
N—0O—m

H;

o
) — —m

|
T
H, C

)

H;

n

How many unique proton environments would there be in the '"H NMR spectrum of

PLA’s monomer?

7

A) 1 )

®) 2 \ , ——~C DM

(C) 38 D )0\ OL//
D) 4

16 Which mixture would produce a buffer solu

5

when dissolved in 1.0 L of water?

(A) 0.50 mol of CH;COOH and 0.50 mol of NaOH
(B) 0.50 mol of CH;COOH and 0.25 mol of NaOH
€)

(D)

0.50 mol of CH3;COOH and 1.00 mol of NaOH
0.50 mol of CH;COOH and 0.25 mol of Ba(OH),
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Sydney Grammar School

Form VI Chemistry 2021 Trial Examination

17 What is the molar concentration of HzO* ions in an acetic acid solution in which the
[CH;COOH] = 2.0 mol L' and [CH3COO7] = 1.0 mol L' given K, = 1.8 x 10°.

(A) 6.0x10°M

(
(C
D

B) 3.6x10°M
1.8x10°M
9.1 x 10°M

18 Consider the ionisation of water at 25°C:

H.O(l) = H*(aq) + OH-(aq) Kw=1.0x10"

At 37°C, Ky = 2.4 x 107'*. What can be deduced from this?

(A) The pH value of pure water decreases when heated.

(
(C
D

B) The enthalpy of ionisation of water is negative.
The [OH] at 37°C is lower than at 25°C.

The conductivity of water at 37°C is lower than at 25°C.

19 Consider the following reactions and their K4 values at 700 °C.

Ha(g) + I2(g) = 2 Hl(g)
2 Hz(g) + Sz(g) =2 st(g)

K; (at 700 °C) = 49
K (at 700 °C) = 1.1 x 10°

Which of the following is the value of K4 (at 700 °C) for the following reaction?

2 12(g) + 2 H2S(g) = S2(g) + 4 HI(9)

492
1.1x108

49
1.1x108

2X49
1.1x108

2x49-1.1x 108

/<f x|
X
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Sydney Grammar School Form VI Chemistry 2021 Trial Examination

20 When gaseous nitrosyl bromide (NOBr) decomposes in a closed container at a certain

temperature and pressure, the following equilibrium is established:
2 NOBr(g) = 2 NO(g) + Br»(g)

4.0 mol of NOBr(g) were placed in a 1.0 L container and allowed to reach equilibrium.

At equilibrium, the concentration of Brx(g) was 1.0 mol L-'. What is the value of Keq

under these conditions?
NO & No b,

(A) 0.5

(B) 1.0 J R @ 7é
(C) 1.5 C — ) + 2 7 )
(D) 2.0 /

T\

N
<
N
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SECTION IlI: 80 marks

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

Question 21 (3 marks)

Acetic acid is flammable. Thermodynamic data (at 298 K) for the complete combustion of

acetic acid is presented in the table below.

AH® = -874.2 kJ mol~' AS® = -2.6 J K- mol

Using the information in the table, explain why combustion of acetic acid does not come

to equilibrium but instead proceeds to completion.




Sydney Grammar School Form VI Chemistry 2021 Trial Examination

Question 22 (4 marks)

Formaldehyde (CH,0) trimerises in acidic aqueous solution, according to the following

equation:
3 CHZO(aq) S CsHaOs(aQ) Keq =3.0x10°
1.2 mol of formaldehyde is dissolved in water to form 1.0 L of solution; this system is

allowed to come to equilibrium.

Calculate the concentration of C;HsO (aq in the resultmg solution.

RaE T ek e X
VY \l*—%y,—-lz ....... X \..2...1..3..9)00

Question 23 (3 marks)

A|lﬁlum sulfate has a solubility of 36.4 g per 100 mL Calculate Ksp for aluminium sulfate.

____________ 605 ) = 2870 +38 @x\

........... K .h....tﬁc\ff]f[%%:..
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Question 24 (8 marks) Marks
The industrial manufacture of methanol involves the following reversible reaction:

CO(g) + 2 Hx(g) = CHsOH(g) AH® = —=331.84 kJ mol-

(@) Write the equilibrium constant expression for this reaction.

A mixture of CO, H, and methanol is placed in a reaction vessel of variable volume and

allowed to reach equilibrium.

(b) By referring to the reaction quotient, Q, and the equilibrium constant, K.y, explain

the effect of halving volume of the vessel on the amount (in mol) of methanol

present.

(c) Using collision theory, explain the effect of increasing the temperature of this

system on the equilibrium constant, Ke.

P A .
Qe G0 LMo TN TWAY
@’k ....... : ‘uke«w, ...........................................................
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Question 25 (6 marks) Marks

27.82 g of hydrated sodium carbonate crystals, Na.COa-xH:0, was dissolved in water and
made up to 1.000 L. 25.00 mL of this solution was neutralised by 48.80 mL of hydrochloric

acid of concentration 0.1000 mol L.

(@) Write an equation for the reaction between sodium carbonate and hydrochloric acid.

....... No COs . 4. 21 2. AN 2.C20. 2100 1
Gy (40 (¢ (2 &)
(b) Calculate the molar concentration of the sodium carbonate solution neutralised by

the hydrochloric acid.

a(Hee) = 01000 x0:Qu880. Z.0. 02uB52 mel 2
ndNa,€@2.).5.0:00485 4. . 20080442 1wl
e dNOLD)50:002u40 £ 125 = 02 99762 M

..................... 2.k 5. catleel ansece. b 450, g s
[ Marfe = coviect nsere o 3 55 "p‘/ﬁ,ﬁ

o2 one. calewlation ensr

(c) By calculating the mass of water in the hydrated crystals, find the value of x.

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

Mok ral)o NJQZC\O'B; f'{@
— 00974 :097
- ).a-9 & /310

| A= (D
5 marles = corre C'l['.//:{VWWC"/JU;ﬁ ﬁfﬁ/érf é(/pré//t’éf

97 ,v\a./f‘(,g,; INLoVICET™ ansu/icmy 87N o' caldd o eviio”
| Mavt = one corfect step vscfoT o This bl
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Question 26 (2 marks)

The graph below represents a titration curve for a 0.100 mol L' ammonia (NHs) solution,

when it is titrated with a strong acid.

/.ni”"m| eH:. 13 6_(\& {2—/4>@

14 /
s

12

11

10 ~

_equivalence pl= 7(@

[

SAMC’, cwvVC

|

\\ Ix'jM?fLZ‘)M

0 I T T
0 5 10 15

20 25

30 35 40 45 50

Volume of titrant (mL)

On the diagram above, draw the titration curve that would result if the ammonia is replaced by

a solution of sodium hydroxide of the same concentration.

7 pmark s -Faf .@
/vmrk {2~ ong a‘F@

and O cove=e]

O ,/@ @//(?Cf

L
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27.
Question 267 (3 marks) Marks

Explain the term amphiprotic as it relates to the behaviour of salts in solution. Use the

salt, potassium hydrogen sulfate, KHSO., and equations to illustrate your answer

ff\fiﬂi"|

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

IMm'L '(;"' é’ffd"hlt\ saaaw
IML-Gr'c?vﬁms Hsachwm-

Question 20 (4 marks)

The setup below can be used to determine the end point of an acid/base titration by

measuring conductivity.

buretie—

The graph below shows the changes in conductivity of the solution when a solution of
ammonia from the burette is added to a solution of sulfuric acid in the beaker during a

conductometric titration:

Question continued

Page IS
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Sydney Grammar School

Question continued Marks

>
>

conductance

- — B
volume of base added

(@) Using A, B or C, identify the equivalence point of this titration.

Explain why this conductivity curve has this shape.

. A
@fﬁ'md‘m’("i tandwelork -Pumy"v('[* 3

@E(ﬁmdm(uediaoﬂ-

EB-ql(Hfrsneca‘fwf;sfd

ol adding. N H d@csn\fmcrmsc
g y ___fdécﬁ G 5?)

@ e PR T ...ﬁS...tff.Ls...Ma.qu./ad:@/
ond a con oluctor,

ke - all four pesitions Oxplawned
2 ’:::42 _onc fbé‘rg?’m onlq naf epraned

| vark - ane oF these posifions explancd

l\ wnce/ﬁ"la 7’70/) o‘F {_ l +3w’ﬁ

L { +ha b
2}!4:145 @E%,f;la miww{wf 72/) 7f7

/
?ﬁ‘:‘{‘ @ Explaas the dvop 1 condpchvi 1/7 aw/?j fo

1 & ) ney?LfZ/)‘sa’/ééh éw aMMeA I

o/ "6 4 Page 16 il
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Z4

Questlon'ﬂi (8 marks) Marks
Propanoic acid, CH;CH.COOH, is classified as a weak acid.

(@) According to Brensted-Lowry Theory, state the meaning of the term weak acid.

.Perd 5 pretor danar....e
U\IG;JL pgw +Haan 100/ ﬂf—Mg{ea‘D)ef a[a/lal*e,

(b) Write a balanced chemical equation for the reaction of propanoic acid with

water.
=T
cH.cHcool. k. H,O = Sty S Ct.ﬂ.ef.z.....:t..!’.'/so
(@A) oo N
(c) Determine the pH of a 0.100 mol L' solution of propanoic acid, given its pK. = 4.87.
- Ka
b il F - iy ,;/p N 43
<. jl= 4 + 0
[pes, 5F el oy 4H ....... ...t DT Hscrgmo /:13
v Lil..... OI&@ ............................................................ o o
calcUViAd
Hal, CH 0
S A B PSR = Y A L 5_?.5;2:

- EZ'—H34HZ@HJ
= 1.1b%Ip

(d) A mixture of propanoic acid and sodium propanoate can act as a buffer soluf.P on.

=274
Calculate the pH of a solution containing 4.81 g of sodium propanoate in 1.0 L of

2.0 x 102 mol L propanoic acid, stating any assumptions you have made.

48
YRR AP

| Mavé Gy %c@oﬁ == C.Hjc;ﬁzcoo . H .
pev ‘an"‘ﬁ‘fﬁJ 2%/0 00&&570
=% k., EEZ., . 2x/0 --76, .............Q...056&7+r7£- i
Harﬁb - <<

Muﬁﬁ/’ /I/UU»& sessssasassserasssvansanssresnsansansasssnsssssdt@fiThosnonevassese s il é'"i@""“ﬁt/c
w5wﬁ0n. to 2#4)&" 2'0407( o 05007 - ’7"”"“”/

ko= 085007 x 2 » 134w )05
ageZZ _ g.sﬁ)‘ /0—
47H =527




Sydney Grammar School Form VI Chemistry 2021 Trial Examination

LR — DS

CANDIDATE NUMBER

Question 30 (4 marks) Marks

Lavandulol is a compound that is found in lavender oil. The structural formula of

lavandulol is shown below.

A NS

OH

Lavandulol

(@) Give the molecular formula of lavandulol.

N4 ““V\\f) Loamay... / kot / ....... C=Lle. ‘3’”? ..................

(c) Draw the structural formula of the molecule that is formed when lavandulol is

exposed to an excess of chlorine gas. 1

L L
% el
Ve

JL koH

Mp‘e/(,v»\l Lon DL &fo\\m M.MB N\D J\/mu\(vfﬂ (P\F{V\
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. CANDIDATE NUMBER
Question 31 (3 marks)

There are two forms of the polyethylene polymer formed from the ethene monomer. The

two forms can be distinguished from each other based on the extent of branching.

ﬂ/ﬂi
T TSR

Type I Polyethylene Type Il Polyethylene

Identify a property that differs between the two types of polyethylene. Explain why there

is a difference.

ANS Page 10
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CANDIDATE NUMBER
Question 32 (3 marks)

The structure of a soap molecule is shown below.

(0]

WMO'Na*

Soap molecule

With reference to its structural features, explain the cleaning action of soap.

....... F"(“’WL"Y‘BKJ* ....... \A‘/Wl ..... 0(3 ... LfMJJ)fN\j ......... :

................... MV\)\"‘»‘J‘LV\OV\\W\M/‘":)"\NY[/\@L‘/

@ U\‘mf\ (1 .\’J\ar\’ A/\.c,e_,\)\kf %‘(r—- o\/\«(/!\ ok)\m)j %QLA}A/

’F bt fwvb(}\ WSnQ  Cnn NV /s Mo Bread & MLJ‘O
bobe AosAveh o %oj((/ t} / 8 i
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CANDIDATE NUMBER
Question 33 (7 marks) Marks

The structural formulae of three isomeric alcohols are shown below.

TN )\/\/
HO o H0>k(

Alcohol A Alcohol B Alcohol C

(@  State which of the three alcohols is resistant to oxidation using acidified

potassium dichromate.

AcCidT MV\\}.YHJ Jtnty not roed

(c) State the type of reaction Alcohol B will undergo to produce 2-bromohexane.

ousskYdhgn /o Y T 1

Man BAJJ Zm_ hundrehokedinchin hoe ~ ths o) nok NM(T“A
Al Ug o o,\b Jbs .\’V\L-J O OP) Snm—r) ?Vr o IS chom
(d) State the IUPAC name for Alcohol C.

(e)  State which of the three alcohols would have the lowest boiling point and explain why.

.. ...... A /C"L‘“l ...... (/ ........................................................................ 3

ond_thatore smalle o Otvoned L bl g

............ Wcoﬁ\,m(/\/su\’ubm’v\"lu‘)% SU’V\L‘L']/U'O‘AA.:‘W.O"A&H]
(M9) Dispion My ore woke | (M) A Soding B Luker
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CANDIDATE NUMBER

Question 34 (5 marks) Marks

Fumaric acid is a naturally occurring dicarboxylic acid. It is a key intermediate in human
metabolism and it is often used as a food additive. Fumaric acid is an important

molecule in synthesis as it can be readily converted into a range of molecules as seen in
the reaction scheme below.

(a) Using the reaction conditions given in the scheme below, deduce and draw the

structures of Compound A, Compound B and a section of polymer C. 3
NOTU ¢ Bpn‘
[Z CooH f)vwﬁj 0]
U I\ 040.1/\/ HO
0 W vl Whea wiSin OH
~ exten (a4 o
0
Compound A Compound D

A

Excess CH,OH

Conc. H,SO,
Reflux
0] H.0 °| oo
Dilute H2SO, ll
HO ho (
NOH ‘ \,K N Y
0 0
Fumaric acid Compound B
Polymerisation AdiPT  AddiWon o condeasshenn ‘\)W

r\br(d\.h U\’\"' »5 Sheun BL\DJ>
0C v §ZUKoA Jb— bl \’°\j"’*’f

Ao{ﬂ‘ll'\b\/\ bolhmlU/ cof\d()A.WJ"”/\ o‘ MU
)| iy P
I |
¢C— ¢ 0
| |
[oold CO9W 0 n

Polymer C Question continued
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CANDIDATE NUMBER

Question continued Marks

(b)

State the reagent/conditions required to prepare Compound D from fumaric
acid.

Identify the type of polymerisation fumaric acid must undergo to produce

polymer C.

AM“\«/C'\‘Q‘NN\“O ......................................................................... 1

Cﬁ’(,u\(/??\l (oarer tr\}:J ¢;~L‘°“*f n/\(967(.v\kJL ‘t\" Je U‘\ 2A

©
v

®

YOV\ SL\!’V\'\}\ k\u&'\)j J\'&JCL l/l/\C "L'Orl. {b— :,\l'{/MOKZLIle 1[23/64’,
In \Dow e,y;f\woq‘.,\;

Chedke Mok odn N Ul/\«okw) ot Sedortd — oo Moy &"aj
d\A I\(’\ &d\mw ComSwjk 0 u\/mabm,,. (,.orr-/t,(/\fb.

Lll'\l/\ &/RLAV\S "’\olb(,er‘l/) A QMM J\r("w()(‘“’A Parm m’(una./
chok Mok oo Lo nclded vhe mghk nuby Fy b obens
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CANDIDATE NUMBER

Question 35 (5 marks)

A dilute solution of an unknown salt is to be analysed. The cation is one of Mg?*, Ba®* or
Fe®. The anion is one of chloride, acetate or sulfate.

Outline a sequence of tests that could be performed in a school laboratory to confirm the
identity of this salt solution. Include expected observations and a balanced chemical

equation in your answer.

Criteria Marks

» Qutlines a sequence of suitable tests with expected observations
» Includes a balanced chemical equation

» Outlines a sequence of suitable tests and most of the expected
observations 4

» Includes a substantially correct balanced chemical equation
» Provides suitable tests that can identify cation(s) and anion(s) present

» Includes some expected observations and/or a balanced chemical 3
equation

» Provides one test and observation that can identify a cation OR anion
present

OR
» Provides tests that can identify cations and anions present 2
OR

» Provides a balanced chemical equation and one test that can identify a
cation OR anion present

* Provides some relevant information 1

Notes:

e Many sequences are possible - sample answers follow.

e Better answers gave sequence and confirmation tests.

e Observations need colours of precipitates.

e Magnesium hydroxide is insoluble - use data sheet for Ksp for confirmation - many boys
neglected this, hence did not have a full sequence.

e Magnesium does not give a white flame test - many boys mixed up combustion of
magnesium metal for flame test of magnesium ion.

e Silver sulfate is slightly soluble (see Ksp); should have been discussed if silver nitrate added
in sequence e.g. silver sulfate is unlikely to ppt since the solution is dilute (from question).

e Many boys wrote equations when NVR?

e Ifno relevant equation given, then you cannot get more than 3 marks. Read the question.

e Must have sequence for both cations and anions - else 2 is max marks.
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CANBIBATE NUMBER
Question 35 (5 marks)

A dilute solution of an unknown salt is to be analysed. The cation is one of Mg?*, Ba** or
Fe*. The anion is one of chloride, acetate or sulfate.
Outline a sequence of tests that could be performed in a school laboratory to confirm the

identity of this salt solution. Include expected observations and a balanced chemical
equation in your answer.
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CANDIDATE NUMBER

Question 36 (5 marks) Marks
UV-Vis spectrophotometry was performed on two samples, A and B, with the

results shown below.
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(@ If equal volumes of solution A and solution B were mixed, identify the wavelength that
should be used to measure the absorbance of Solution B in this unreacted mixture?

Justify your answer.

Paid range 680-720 nm - units not marked

(b) A chemist used the appropriate wavelengths for each solution and constructed two

calibration curves on the same set of axes, as shown below.
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Question continued

ANS Page 16



Sydney Grammar School Form VI Chemistry 2021 Trial Examination

CANDIDATE NUMBER

Question continued Marks

The chemist found that, when it was measured at the appropriate wavelength,
Solution B had an absorbance of 0.400. If Solution B contained an organic
substance with molecular formula C23H27N30+5S (molar mass 617.53 g mol),

determine its concentration in mol L.
Imark - Reading off graph - range 43-47 2

() A sample of contaminated water containing the same compound as found in
solution A was analysed and found to have an absorbance of 0.80. Can the
calibration curve above be used validly to analyse the sample of contaminated
water for its concentration of the compound found in solution A? Justify your

answer.

1 mark - not valid
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Question 37 (7 marks)

CANDIDATE NUMBER

A sample of an unknown organic compound was analysed using mass spectrometry, IR

spectroscopy and proton and carbon-13 NMR. The resulting spectra are shown below.
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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 pentan-2-one
o Clear and logical justification with reference to all four spectra

e Eliminates alternatives e.g. matches M+ 87 to carbon-13

6 o Asfor 7 marks less 1 point

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

3 ¢ Identifies information from all four spectra

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

Marked holistically

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.
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Question 37 (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 are shown below.
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Question continued.

Deduce and dr
aw the structural formula of the unknown compound, justifying your

answer wit
h reference to the spectra. Note the proton NMR shift data has not been
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