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SECTION I: MULTIPLE CHOICE (20 marks)

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 Which of the following would best enable 2,2,4-trimethylpentane to be distinguished

from octane?

(A) Mass spectrometry
(B) Determination of molar mass using gravimetric analysis
(C

(D)

) Measuring volume of carbon dioxide produced when combusted
)

Addition of bromine water

2 Separate 20.0 mL solutions of a weak monoprotic acid and a strong monoprotic
acid of the same concentration are titrated with NaOH solution. Which of the

following will be the same for these two titrations?

(A)  Initial pH
(B) pH at the equivalence point
(C

(D

) Volume of NaOH required to reach the equivalence point
)

The conductivity of the initial acid solutions

3 Which of the following reagents would liberate carbon dioxide when mixed with a

concentrated aqueous solution of sodium carbonate?

(A) ethanoic acid
(B) ethanamine
(C

D

) ethanamide
)

ethyl ethanoate

4 Which of the following conditions will maximise the yield of dinitrogen tetraoxide?

2 NOz(g) = N204(g) AH = -57.2 kd mol’

(A) Low temperature, low pressure
B) Low temperature, high pressure
High temperature, low pressure

High temperature, high pressure
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5

10 mL of 0.01 mol L™ nitric acid (HNO3) is diluted with 90 mL of water. What is the

pH of the resulting solution?

(A)
(B)
C
(

)
D)

A W DN

Which of the following hydrocarbons contains an atom with trigonal planar

geometry?

(A) propane

(B) propene

(C) propyne

(D)  2-methylpropane

Ethene reacts with hydrogen gas in the presence of a Pd-C catalyst. Which of the

following statements about this reaction is correct?

(A)
(B)
(C
(

)
D)

Ethanol is produced.
The reaction also produces a byproduct.
The Pd-C is consumed in the reaction.

This is an addition reaction.

What is the concentration of OH™ ions (in mol L") in an aqueous solution in which

[H*] = 2.0x10 mol L at 25°C?

2.0x1073
4.0x107°
5.0x10712

2.0x107"7
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9 The name 2-propyl-2-chloro-4,5-dibromopentane does not follow IUPAC

conventions. What is the systematic name of this compound?

(A)  4,5-dibromo-2-chloro-2-propylpentane

(o9)

(B) 2-chloro-4,5-dibromo-2-propylpentane
C
(D

) 4-chloro-6,7-dibromo-4-methylheptane
)

1,2-dibromo-4-chloro-4-methylheptane

10 Hydrogen and iodine react at 500°C according to the equation:

Ha(g) + l2(g) = 2 HIi(g)

The apparatus shown below is set-up.

1 maol Iz -
Vessel X Vessel ¥

The tap between Vessels X and Y is opened and then the system is left at 500°C
until no further change occurs. Which of the following statements is true?

(A) X will contain more hydrogen than Y.
(B) XandY will contain the same amount of Hi(g).
(C

(D

) X will contain less iodine than Y.
)

Y will contain more HI(g) than X.

11 An organic compound reacted with concentrated HCI and ZnCl, to produce

2-chloro-2-methylpentane. What was the name of the original compound?

(A)  2-methylpentan-1-ol
(B) 2-chloropentanal
C
(

)  2-methylpentan-2-ol
D) 2-methylpentanal
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12 The following equilibrium exists in bromine water:

Br.(aq) + H-O(l) = Br(aq) + 2 H*(aq) + OBr(aq)

(red-brown) (colourless) (colourless)

Which of the following solutions could be added to the reaction mixture to cause the
red-brown colour of bromine water to fade?

(A)
(B)
(C
(

)
D)

HCI
KBr
AgNO;
NaOBr

13 Which of the following salts has the highest molar solubility?

A)
(B)
(C
(

)
D)

calcium carbonate
copper(ll) carbonate
lead(ll) carbonate

silver carbonate

14 A exists in equilibrium with B according to the equation below:

A(g) = B(9)

If 1.0 mole of A was allowed to reach equilibrium, how many moles of B would be
formed if Koq is equal to 0.40.

(A)
(B)
C
(

)
D)

0.29 mol
0.40 mol
0.60 mol
0.71 mol
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15 Propan-2-ol is heated with concentrated sulfuric acid. Compared to

propan-2-ol, the product of this reaction:

(A) is more soluble in water.
(B) has a higher molar mass.
(C) has fewer signals in '*C NMR.
(D)

has a lower boiling point.

Question 16 and 17 refer to the following information.

A section of a polymer is shown below.

H H H
H—C—H H-C—H H—T—H
o\\C¢?o o\\df;o o\\C4§o
c ol T
[ C c C C C c J
N
H—C—H H-—C—H H=C—H
: y "

16 Which of the following shows the monomer used to produce the polymer shown

above?
A) H (B) A
H—C—H H—C—H
| |
O o)
\
"\ —0© H \CI:O
H,»C N c=c
WoH H H
© | ©) |
H=C—H H—C—H
| |
0 o]
\ Z O o)
T N\~
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17 If you are comparing this polymer to polyethylene, which of the following would

be true?

This polymer is an addition polymer while polyethylene is a condensation
polymer.

High-density polyethylene would have weaker intermolecular forces as the
chains can pack into a more orderly solid.

Being a polyester, this polymer is used to make clothing while polyethylene
is used for car tyres.

Both polymers could be made without the elimination of a small molecule.

18 Ammonia (NH3) is a weak base in aqueous solution with an ionisation constant Kp.

Which of the following represents the ionisation constant for the reaction:

NH4¥(aqg) + H20()) = NH3(aq) + H30™(aq)

>~ ‘;:

(S

~

()

~

<

~

£

7|

Ia

~

£
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19 Which of the following plots correctly represents the conductometric titration of

0.05 mol L' H.SO, with 0.1 mol L' of the weak organic base ethylamine?

B0
(A)
50
o 40
w
£ 30
o
g
2 20
&
= 10
o
a 10 20 30 40 50
Volume of ethiylamine {mL)
(B) 70
B0
50
o
‘r '4['
£
m 30
g
=1 2{'
5
8 10
o
o 10 20 30 40 50
Volume of ethylamine (mL)
(C) 60
50
o 40
g 20
[
S 20
=
o 10
[ ]
o
0 10 20 30 40 =]
Volume of ethylamine (mL)
(D) 50
50
@ &0
g
e 30
&
: 2{'
=}
E ——
o 10
o

=

10 20 il 40 50
Volume of ethylamine (mL)
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20 Solid calcium chloride is added to 200.0 mL of 0.12 mol L potassium sulfate
solution at 298 K.

What is the minimum mass of calcium chloride required to produce a precipitate?

(A) 0.0033 g
(B) 0.0091g
(C) 0.228g¢

(D) 6.21mg
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CANDIDATE NUMBER

Question 21 (3 marks)

The table provides thermodynamic data about two bromide salts.

AsolH (kJ m0|'1) A5°|S (J K-1 m0|'1)
LiBr -48.8 21.5
KBr 19.9 89.0

Compare and explain the solubilities of the two bromide salts at 300 K. You should include
calculations in your answer.
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Question 22 (7 marks) Marks
Sulfur trioxide decomposition reaches equilibrium at 200°C according to the equation:
2 SOs(g) =2 SOz(g) + Oz(g)

(@) Use Collision Theory to state and explain the effect, if any, of an increase in the
overall pressure.

3
(b) Identify the effect, if any, on the value of K., if the overall pressure of the system
is increased. 1
(¢) A 0.40 mol sample of SOs(g) is placed in a 2.0 L vessel and allowed to reach
equilibrium. Given that Ksq = 1.30 x 10 at this temperature, calculate the
equilibrium concentration of SO(g).
3
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Question 23 (3 marks) Marks

Complete the reactions below by drawing the structure of all organic reactant(s) and/or
organic product(s).

(@)

HCI(g)

P

1
(b)
H H O H H
I |
__conc H:SO. “_T_T—C—O—T—T—H
heat ¥ . ! !
+ H:0
2
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Question 24 (6 marks) Marks

Lactic acid CH3CH(OH)COOH is a weak monoprotic acid. (pKg = 3.85)

(@ Write an equation for the reaction of lactic acid with water. 1
(b) Identify a conjugate acid/base pair from this reaction. 1
Yo [0 H SRR RRUPPPR
CONJUOALE DASE:....ccc e e e e e tra e e e e e nraaeas
(c) State the equilibrium constant expression, Kg, for lactic acid. 1
(d) Calculate the pH of a 0.20 mol L' solution of lactic acid. 3
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Question 25 (3 marks)
You have 0.1 mol L solutions of each of NaNOs and Na,COs. Predict whether these two

solutions are acidic, neutral or basic, explaining your reasoning with chemical equation(s),
where relevant.
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CANDIDATE NUMBER

Question 26 (5 marks) Marks

Compound X has the molecular formula C4H1cO and is highly soluble in water. It does not
react when heated with acidified KMnO, nor acidified KoCr>O.

(@ Draw the structure and name compound X. 2
I F= T 0 =
(b) Predict the number of signals that compound X will show in *C NMR. 1

() Draw two isomers of compound X that contain the same functional group as
compound X. 2
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Question 27 (7 marks) Marks

Equal volumes of hydrogen and bromine are introduced at T = 0 minutes to a sealed
vessel and allowed to reach equilibrium at 60°C.
H.(g) + Br2 (g) = 2 HBr(g) AH = -103 kJ mol™

10

[HBr]

N

Concentration x 103 (M)
(6]

[H S Al

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time (minutes)

(@) Calculate K.q for this reaction at 60°C. 3
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Question cont. Marks

(b) At 12 minutes, the temperature was changed. Deduce whether the temperature
was increased or decreased and explain the change in concentration of H(g)
and HBr(g) in terms of activation energy of the opposing reactions.
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Question 28 (4 marks)
Butan-2-one can be produced from 2-bromobutane in two steps.
Complete the reaction scheme below to show how 2-bromobutane can be converted to

butan-2-one. Include the reaction conditions for each step and diagrams for the
intermediate compound and butan-2-one.

v

Br

2-bromobutane

intermediate compound

butan-2-one
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Question 29 (5 marks) Marks

0.561 g of ethanol undergoes complete combustion using the equipment shown below.
The initial temperature of the water was 20.0°C.

/ +«—— thermometer

can containing 100.0 mL of

-+
water
% « burner containing ethanol
(@ Write a balanced chemical equation for the complete combustion of ethanol. 1

(b) The enthalpy of combustion of ethanol is -1367 kJ mol™. Assuming half of the
energy released from the burner is transferred into the water, calculate the final
temperature of the water. 4
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CANDIDATE NUMBER

Question 30 (7 marks) Marks

Alpha-linolenic acid (ALA) is an omega-3, essential fatty acid. It is found in seeds and oil,

and when extracted is a colourless liquid with a density of 0.91 g/mL. Its molar mass is
278.4 g mol™.

With a formula of C1gHz00., ALA’s structure is shown in the diagram below:

O

HO Jk/\/\/\/— N T T N

(@ On the diagram above, circle the functional groups of this molecule. 1

(b) Predict whether this molecule would be water-soluble, explaining your reasoning.

2
() 2 mL of ALA is mixed with 2 mL of bromine water, shaken and then left to stand
for a few minutes. Identify and explain two observations you would make. You
may find a diagram to be helpful.
2
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Question cont. Marks

(d) When used, ALA is often partially hydrogenated, so it is an unhealthy trans-fat
that has a single carbon-carbon double bond remaining. Calculate the volume of
hydrogen gas at 100 kPa and 25°C required to convert 1.0 g of ALA to its
equivalent trans-fat.
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Question 31 (8 marks) Marks
This question is about buffers.

(@) State what is meant by the term buffer and describe the chemical composition of
an acid buffer solution in general terms. 2

50.0 mL of 0.10 mol L' ammonia solution is mixed with 50.0 mL of 0.060 mol L™
hydrochloric acid and the resulting mixture forms a buffer. The K, of NH; is 1.78 x 10°°.

(b) Describe what would happen if an additional small amount of acid solution was
added to this buffer. Use an equation to support your explanation. 2

(¢) Calculate the pH of the buffer produced when the two solutions were mixed.
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Question 32 (3 marks)

Determine the maximum mass of calcium hydroxide that will dissolve in 230 mL of
0.040 M barium hydroxide solution at 25°C.

Question 33 (3 marks)

Deduce whether a precipitate will form when 5.0 mL of 0.010 mol L' magnesium sulfate
solution is added to 10.0 mL of 0.020 mol L' sodium carbonate solution at 25°C.
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Question 34 (9 marks)

Two organic compounds, A and B, are isomers with a chemical composition by mass of
carbon 54.5%; hydrogen 9.2%; and oxygen 36.3%. A is soluble in water, while B is a
pleasant-smelling liquid.

The mass spectrums of both A and B have the M* peak at 88 but are otherwise not helpful
in distinguishing between the isomers as they both show peaks at an m/z ratio of 15, 29,
43 and 73.

A’s carbon-13 NMR has three peaks (one each at 184, 35 and 19 ppm), while B’s
equivalent has four peaks (171, 60, 21 and 17 ppm).

The IR and proton NMR spectra are shown on the following pages, along with proton NMR
shift data.

Determine the structure of each of the isomers. Draw and name the isomers in the boxes
provided on the following pages. Justify your choices based on the information
provided, making sure to reference ALL spectral types.
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Compound A

TRANSHITTANCE | 21

@

o

T
000

T
2000 1500
HAVENUNBER! -1

T
1000

500

Compound B

T
2000 1500

PR/ emt

T
oo 3000

T
1000

Singlet: integral 1

Doublet: integral 6

Multiplet: integral 1

Singlet: integral 1.5

Quartet: integral 1 /'L“\

¥—_Triplet: integral 1.5

| - J
| T | T T | T | T T I T | | T | T | T | T I T | T | T | T | | T |
1z 10 3 4 0 -2 11 10 9 3 7 [ 5 4 3 z 1 Q
HEP-02-012 als]ag] HEP-03-534 ppm

Page 28



Sydney Grammar School

Form VI Chemistry

2023 Trial Examination

TH NMR chemical shift data

Type of proton
Si(CH3)4 (TMS)
R-CH;s
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, 1)

—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
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Compound A: NamMe ....oviiiiieie e

Structure of A

Compound B: Name ..o

Structure of B
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Question 35 (7 marks) Marks

The following graph shows how the pH changes during the titration of 25.00 mL of a
solution of a weak monoprotic acid (HA) with NaOH.

pH

140

130

00 10 20 30 40 50 60 70 80 90 10.0 11.0 12.0 130 140

Violume of 0.10 mol L' NaOH (mL)

Using the graph, identify the pH at the equivalence point.

Bromocresol purple is an indicator that changes from yellow to violet over the

range 5.2 — 6.6. If bromocresol purple was used to detect the end point of this
titration, what effect, if any, would this have on the calculated concentration of
HA compared to its actual concentration?

Page 32



Sydney Grammar School Form VI Chemistry 2023 Trial Examination

Question cont. Marks

(c) Calculate the pKg value of the HA acid. Give your answer to 2 decimal places.
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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
pK, = —lugm[K’a] A=¢glc= ]lungEj
Avogadro constant, Ny ... 6.022 % 10** mol ™!

Volume of 1 mole ideal gas: at 100 kPa and
at 0°C (273.15K) ..o
at 25°C (298.15K) ..cceevee. 2479 1

GAS CONSEANT ©...oo.oveovvev e teer oo 8314 T mol ™1 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!

2271L

DATA SHEET
Solubility constants at 25°C

Compound

K

Compound

K

P p

Barium carbonate 258 x 1077 Lead(IT) bromide 6.60 x 107°
Barium hydroxide 255 x 107 Lead(II) chlonde 1.70 x 107°
Barium phosphate 1.3x 107% Lead(II) iodide 9.8 x 107°
Barium sulfate 1.08 x 10717 Lead(II) carbonate 7.40 x 1071
Calcium carbonate 3.36 x 107 Lead(1I) hydroxide 1.43 x 1071
Calcium hydroxide 5.02 x 1078 Lead(11) phosphate 8.0 x 1075
Calcium phosphate 2.07 x 107 Lead(Il) sulfate 253 % 1078
Calcium sulfate 493 x 107 Magnesium carbonate  6.82 x 107°
Copper(ll) carbonate 1.4 x 10717 Magnesium hydroxide ~ 5.61 x 10712
Copper(Il) hydroxide 22x% 107 Magnesium phosphate 104 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
Tron(1IT) hydroxide 4.87 x 1077 Silver carbonate 8.46 x 10712
Tron(I1T) hydroxide 2.79 x 107 Silver hydroxide 20x107°
Tron(I11) phosphate 9.91 x 10716 Silver iodide 8.52 x 1077

Silver phosphate 8.89 x 1077

Silver sulfate 120 % 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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Infrared absorption data

3¢ NMR chemical shift data

Bond Wavenumber/cm™’ Type of carbon &/ppm
||
N o= 3300-3500 g 5-40
(amines) | |
|
O—H 3230-3550 R—C—ClorBr 10=70
{alcohals) (broad) |
|
R—C—C—
C—H 2850-3300 ] =50
0
"
O—H 2500-3000 S 2560
{acids) (very broad) | LY
| alcohols,
_ — C—0— ethersor 5050
C=N 2220-2260 | csters
N /
=i 90-150
C=0 1680-1750 ! kY
R—C=N 110-125
C=C 1620-1680
110-160
R—C—
c—0 10001300 I SRRSO 160185
0 acids )
R—C—
c—cC 750-1100 I aldehydes 199 220
o or ketones
UV absorption
{This is not a definitive list and is approximate. )
Chromophore Aoy (M) Chromophore Aouax (MIN)
173 178
C—H 122 C=cC
196 222
c—C 135 c—Cl 173
C=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

2023
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@® coO DO
If you think you have made a mistake, put a cross through the incorrect answer and fill in the
new answer.
A® B MK 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 wriling the word correet and drawing an arrow as follows.

/cmu|-

A W B ¥ cO DO
. A@ BO cO DO 11. aQ©0 BO c@ 1O
2 AO BO ¢c@® 0O 122 AO BO c@® »pO
3. A@ BO cO »bpO 13. A0 BO cO 1@
4. AQO B@ cO 0O 14 @ BO cO DO
5§ AO BO c@® »bpO 15 AQO BO cO @
6 A O B® cO DO 16 Ar@ BO cO 0O
7 A0 BO cO op@ 17 AQO BO cO D1®
8 AO BO c® pO 18. AQO BO c@® DO
9. A0 BO ¢cO 1@ 19. a0 BO cO r@
10. AO B® cO DO 200 AQOQ B® cO 0O




SECTION I: MULTIPLE CHOICE (20 marks)

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 Which of the following would best enable 2,2,4-trémethylpentane to be distinguished

from octane? 1 [Sormers
e
Mass spectrometry
(B) Determination of molar mass using gravimetric analysis \( <am<
(C) Measuring volume of carbon dioxide produced when combusted [* A 2"
jsOoWers

(D) Addition of bromine water — pno =

2 Separate 20.0 mL solutions of a weak monoprotic acid and a strong monoprotic
acid of the same concentration are titrated with NaOH solution. Which of the

following will be the same for these two titrations?

(A) Initial pH
(B) pH at the equivalence point
@ Volume of NaOH required to reach the equivalence point

(D) The conductivity of the initial acid solutions

3 Which of the following reagents would liberate carbon dioxide when mixed with a

concentrated aqueous solution of sodium carbonate? he,e,g( an oA 0(

(A)) ethanoic acid
(B) ethanamine

(C) ethanamide

(D) ethyl ethanoate

4 Which of the following conditions will maximise the yield of dinitrogen tetraoxide?
2 NOx(g) = N>04(g) AH =(“57.2 kJ mol”
(A) Low temperature, low pressure
(B)) Low temperature, high pressure
(C) High temperature, low pressure
(D)

High temperature, high pressure



2
5 10 mL of 0.01 mol L™ nitric acid (HNO3) is diluted with 90 mL of water. What is the

pH of the resulting solution? jo —> 00 FH )

A 1
B) 2
@ 3

4

(D)

6 Which of the following hydrocarbons contains an atom with trigonal planar

geometry?

(A) propane H H

propene % \(/H?)
(C)  propyne
(D) 2-methylpropane

7 Ethene reacts with hydrogen gas in the presence of a Pd-C catalyst. Which of the

following statements about this reaction is correct?

(A) Ethanol is produced. X ethane ZDVD&( yee ﬁQ
(B) The reaction also produces a byproduct. ( +
(C) The Pd-C is consumed in the reaction. X (¢° {Us

@DD This is an addition reaction. '

8 What is the concentration of OH™ ions (in mol L") in an aqueous solution in which

[H*] = 2.0x10"® mol L at 25°C? Iy

= 1= (D
A) 2.0x1073 [H{I[OH] Ix -1y
4.0x107 [OH'] ’,,.-[.-X(O 3
2

(B) (0~
(1) 5.0x107

D) 2.0x107"7
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9 The name 2-propyl-2-chloro-4,5-dibromopentane does not follow IUPAC

conventions. What is the systematic name of this compound?

7
(A) 4,5-dibromo-2-chloro-2-propylpentane @LS ol

=
=

B) 2-chloro-4,5-dibromo-2-propylpentane
b 2 Py

(
(C) 4-chloro-6,7-dibromo-4-methylheptane 3 1

1,2-dibromo-4-chloro-4-methylheptane

10 Hydrogen and iodine react at 500°C according to the equation:

H(g) + I2(g) = 2 HI(g)

The apparatus shown below is set-up. no sh L'. {

- .:’(Iiﬁfd";ft‘um o!’l\{j

1 mol H? 2 mol Hl
1 mol I =
Vessel X Vessel Y

The tap between Vessels X and Y is opened and then the system is left at 500°C
until no further change occurs. Which of the following statements is true?

(A) X will contain more hydrogen than Y.
@ X and Y will contain the same amount of HI(g).
(C) X will contain less iodine than Y.

(D) Y will contain more Hi(g) than X.

11 An organic compound reacted with concentrated HCI and ZnCl, to produce
2-chloro-2-methylpentane. What was the name of the original compound?

(A) 2-methylpentan-1-ol

(B) 2-chloropentanal AT y
_ ol substtuted with C1-

@ 2-methylpentan-2-ol
(D) 2-methylpentanal

Page 5
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12 The following equilibrium exists in bromine water:

Bro(aq) + H-O(l) = Br(aq) + 2 H*(aq) + OBr(aq)

(red-brown) (colourless) (colourless)

Which of the following solutions could be added to the reaction mixture to cause the
red-brown colour of bromine water to fade?

(A) HCl

(B) KBr : ' B | o
{ ’ o e

@ AgNOs Aj Br /s) /3/# cavsmj 18 J}

(D) NaOBr '

13 Which of the following salts has the highest molar solubility?

T , - M-
(A) calcium carbonate /3 36X lo 7 =5 ot 1
(B) copper(ll) carbonate 7. x 1o "° _

= smaller

(C) lead(ll carbonate . ¢ » ;o ‘Yt

silver carbonate 3 T2 s

14 A exists in equilibrium with B according to the equation below:

Alg) = B(g)

If 1.0 mole of A was allowed to reach equilibrium, how many moles of B would be
formed if Keq is equal to 0.40.

[#7] rs]
(A) 0.29 mol [ / O
(B) 0.40 mol c = 1x
(C) 0.60 mol E, ([EE o
(D) 0.71 mol (8] 2o _ o ¢

f;*g: e ¥
vy fx] T

x = 0Ot — 04X

¢4

Page 6



15 Propan-2-ol is heated with concentrated sulfuric acid. Compared to

oH
A s P

H, SOy

propan-2-ol, the product of this reaction:

(A) is more soluble in water.
(B) has a higher molar mass.
(C) has fewer signals in *C NMR.

/(D)) has alower boiling point.

Question 16 and 17 refer to the following information.

A section of a polymer is shown below.

H H H
H—(l.‘,—H H—CID—H H—(||3—H
O\C¢O 0\040 O\Céo
I
C C C C C C
Ty 7 v 0 8 0h
H—?—H H—CIE—H H—(ID—H
H H H

16 Which of the following shows the monomer used to produce the polymer shown

a_bove?
&) *r o
H-?—H H-—C—-H
|
0 o}
H \ —0 \
\ _C/ - H c—O0
H/C_ \C,H /C:C
W H : H
(€) | D) ';'
H=C—H H—C—H
' |
o) 0
\ o 0
H C/ \C//
| | H
H—C—C—H | |
l | H-C——C—H
H H I |
i H-c-H
|
H



17 If you are comparing this polymer to polyethylene, which of the following would

be true?

(A) This polymer is an addition polymer while polyethylene is a cond fisation
polymer. ’

(B) High-density polyethylene would have we\’(er intermolecular forces as the
chains can pack into a more orderly solid.

(C) Beinga poly}@’ter, this polymer is used to make clothing while polyethylene
is used for car pt\res.

Both polymers could be made without the elimination of a small molecule.

18 Ammonia (NH3) is a weak base in aqueous solution with an ionisation constant Kp,.

Which of the following represents the ionisation constant for the reaction:

NH47(aqg) + H20()) = NH3(aq) + H30*(aq)
X [NH] Lo 'j
A) ‘Kl b Z : N Hsj

® - Y., - N
O3 k- CAso'JLvh
Kb
K,

[t
Koo Lo KW

(D)



19 Which of the following plots correctly represents the conductometric titration of
0.05 mol L' H,SO, with 0.1 mol L' of the weak organic base ethylamine?

&0
A)
50
a a0
au
5 30
3 2
2
8 1w
0
0 10 x 30 40 50
Volume of ethylamine (mL)
(B) 0
60
50
@
3 ‘l]
é 30
3
20 -
2
g 10
o
1) 10 20 30 40 50
Volume of ethylamine {mL)
(€} 60
50
a a0
g 20
g »
10
S
o
(1) 10 20 30 40 S0
Volume of ethylamine (mL)
(D) &0
50
o P
g »
€ »
H
8 10

[=]

10 )| 0 40 =0
Volumne of ethylamine (mL)

=]



20 Solid calcium chloride is added to 200.0 mL of 0.12 mol L' potassium sulfate
solution at 298 K.

What is the minimum mass of calcium chloride required to produce a precipitate?

(A)
(B)
©)

-—

0.0033 g Kgp - [{fa“j[j\?ofj = ¢-93x)0 .
0.0091 g (6] . g0 S 4‘/()(/0»9;”)
0.228 g POy
patme h(@%) - ttx (07 x 0.2
= f B x0T ot
'“/GAG/,/) = £k /o—'*/\fﬂxofougxgwg
= 7-//x/o“>j |

vy



Question 21 (3 marks)

CRIB -

XS

CANDIDATE NUMBER

The table provides thermodynamic data about two bromide salts.

AsoH (kJ. mol)

AeoS (9 K mol)

LiBr

-48.8

21.5

KBr

19.9

89.0

Compare and explain the solubilities of the two bromide salts at 300 K. You should include
calculations in your answer.

| LiBr DGz -8 8-(300x 50,0 =
KBfﬁCT:”c?‘"(wé”‘%d)“

215

—
e

-55- 25 KT ol D
m&8 k] 2

rMol

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

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

feachons ace. spenlancess..aid. kelb. ...
oalls..oall. Aizzalve. T sae. ot .. 7 0,

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

will dissshe Sove ad thecteos

Tt s o j/ﬁaﬁk Sald /az//zLj

ca—
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Question 22 (7 marks) Marks
Sulfur trioxide decomposition reaches equilibrium at 200°C according to the equation:

2 SOs(g) = 2 SO(g) + O2Ag)

(@) Use Collision Theory to state and explain the effect, if any, of an increase in the
overall pressure.

......... ot soa et callisions. belween. ool ractit | (D
... f@z/uéfmkw/fﬁ .......................................................

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

3. The. revwvse raallion (s daveorad. —— O

(b) Identify the effect, if any, on the value of K, if the overall pressure of the system
is increased. 1

...... \/ aluchgﬁwmaF&#’o(

{c) A 0.40 mol sample of SO4(q) is placed ina 2.0 L vessel and allowed to reach
equilibrium. Given that K.q = 1.30 x 10 at this temperature, calculate the
equilibrium concentration of SOx(g).

—
2 & N =1 © N S O 1, S

F Respmption: 2elin.7 .- _ S
3 marks o, correct /‘L "é&%_‘i/ 50 A0 !

o2
onswer i Ly =
W LT ) K = OOl | BOX/IO
2 Mevls $or one ewor o 5 e
Mm/lt- for one o= IS wlo

51.3m~ﬁc£nj' o m [Boa(=20¢ = 47 #*/1D7% M

L elothon



Question 23 (3 marks)

Marks

Complete the reactions below by drawing the structure of all organic reactant(s) and/or

organic product(s).

(a)

HCl(g)

TR

(b)

HH o

[} ]
H-C~c—~C

P \0"H

H H

HooH

conc HzSO.

heat

cl

Q=—X

T —

Page 13
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Question 24 (6 marks) Marks

Lactic acid CH3CH(OH)COOH is a weak monoprotic acid. (pKg = 3.85)

(@) Write an equation for the reaction of lactic acid with water. 1
o 7
CHCHOM @ + H) 52 CHCH (o) o o).
(%) 2 (& (™
(b) Identify a conjugate acid/base pair from this reaction. 1
{.

Acid: ... C—HSCHKOH)CMHMHQCJ
Conjugate base£ﬁ5dff@"f)¢4¢’ ........................... ERED . rrsn
{c) State the equilibrium constant expression, Kg, for lactic acid. 1
[eHyctom)cas -J[ ;0]

............ Kﬂ:@,gﬂég#)wtg
(d) Calculate the pH of a 0.20 mol L solution of lactic acid. 3

z -3-25
.......... B S B i B B e——
as 2l p2 o é—e?‘/ﬁd-’d’ﬂ/

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

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

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

3 rarls or cavrvectl ansocoe w15

504310/4/3/)71' waﬁé;ﬁ
Z Mc«wLA for Cafrcc'fl_ wor \//7 kﬁf/}

one. Crrovr

. [ .Ma/'/L -@/ ot s lét/fJ_GCdA% _/0/6’5(_2_ -
o{' UJOV‘ A"Cﬁ Page 14
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Question 256 (3 marks)

You have 0.1 mol L' solutions of each of NaNO; and Na,COs. Predict whether these two
solutions are acidic, neutral or basic, explaining your reasoning with chemical equation(s),
where relevant.

[ NaNQg.15..020tml. a5 ke lh. Nal.ad........
ates. o elong....

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

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

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

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

i . N@L@S ts basic as /\ld% /ens

ac pel bot (D5 (ans &
47€o5 frap1 M@é

sH "
QJZ szﬁjw:// 7%€/C£"5 A//”/z
/ Mmé for mr/&;’;{/j /.///8/77%9//1 54/f

-'_____________-‘

as basre wi &7(/0}4#14 707 .

3. / Mmark 42 7/(///2 Yo qyaﬁ//l v

slyid wly (D37 1% bas s .
C% T+ /Za == H[és 7 ol

Page 15



Question 26 (5 marks) Marks

Compound X has the molecular formula C4sH1,0 and is highly soluble in water. It does
not react when heated with acidified KMnQO, nor acidified K.Cr,0-.

(@ Draw the structure and name compound X.

O  (ofwer oy gramms HL)

Y

(ev vrect

() Draw two isomers of compound X that contain the same functional group as
compound X.
2

ony 2 of [lod b wattch
/\/\O\/\ /\\/D\/\ ](‘V\\,\dsﬁ).mCL/

goup (@)
N

oY\

NoR: bowd had ‘o deculy 90 B Oxygpin AW
ot \/\Sd/vw\ul\. Max 1T wodk  lost o AW € A YA

Twohudud -



Question 27 (7 marks)

Equal volumes of hydrogen and bromine are introduced at T = 0 minutes to a sealed
vessel and allowed to reach equilibrium at 60°C.

Concentration x 103 (M)

Ha(g) + Br2 (9) = 2 HBr(g) AH = -103 kdJ mol"

10

[HBr]

9 10 11 12 13 14 15 16 17 18 19 20
Time (minutes)

(@) Calculate Keq for this reaction at 60°C.

...................... O ndudivg 0TS

=4

@ ..... CDV‘(‘QCQ_ ....... R &U\}QJ\/

Marks



Question cont.

Marks

(b) At 12 minutes, the temperature was changed. Deduce whether the
temperature was increased or decreased and explain the change in

concentration of Hx(g) and HBr(g) in terms of activation energy of the
opposing reactions.

NOY = % You Smaukd it v{é@v oY Mackon't. Theyd 1
/a{—wwc«/d A a e r€6t09§0\4‘ \D\Qage %4 g{)eu‘ﬂl
 Thare & wd \oncl D W sTd!L“, AU (4 oun

owic  olired>n
X ej\ﬁ&am\pw&u& do wot B
Cadon W o DH s
¥ Yo (am w{)@/ o LR WY S
O wp\mﬂm



Sample answer Q27(b)

As [H.] increases and [HBr] decreases, the equilibrium has shifted to the reactants side. The
forward reaction is exothermic (AH<0) so the reverse reaction is endothermic. As the
endothermic reaction has been favoured, the temperature must have been increased.

The endothermic direction has a higher activation energy than the exothermic direction, so a
T increase means that the proportion of particles with kinetic energy > activation energy
increases more for the endothermic reaction than the exothermic. Both reactions have an
increase in successful collisions, but the increase is more significant for the reverse reaction
than for the forward reaction, so the rate of the reverse reaction increases more.

This ultimately results in a new equilibrium position with higher [Hz] and lower [HBr].



Question 28 (4 marks)
Butan-2-one can be produced from 2-bromobutane in two steps.

Complete the reaction scheme below to show how 2-bromobutane can be converted to
butan-2-one. Include the reaction conditions for each step and diagrams for the
intermediate compound and butan-2-one.

0

-OM cay) D

e

s (o dilull toH) O

2-bromobutane

intermediate compound

accdfed @
0,0,

(PCL & ao difsed
Oy 0Ky

/\(

O

butan-2-one

NoX.: bowd had ¥ d-ecu/ly 9o ¥ Oxygein dPw
of wydworyl - Mo Lowawk st My e QL

hudud -



Question 29 (5 marks) Marks

0.561 g of ethanol undergoes complete combustion using the equipment shown
below. The initial temperature of the water was 20.0°C.

/ +«—— thermometer

can containing 100.0 mL of
water

% « burner containing ethanol

(@ Write a balanced chemical equation for the complete combustion of ethanol.

CJ,HgOﬂ N T %Dz@ > 2 OD,;,\@) * .S HZ/D@ ...........

(sokt WOk wor warked o weay_Yogs  got lucky'!

(b) The enthalpy of combustion of ethanol is -1367 kJ mol™'. Assuming half of the
energy released from the burner is transferred into the water, calculate the
final temperature of the water.

4

.................... W/ws g2 8L (AT \

P =T 200 4. 029 e
v

commm \,W\gqu ey

................................................... W’ﬁ Mw\i‘owa}c‘/
- u&“_‘? vwol%\% wskad  Of et

- feeeel T/‘“S “nitr




Question 30 (7 marks) Marks
Alpha-linolenic acid (ALA) is an omega-3, essential fatty acid. It is found in seeds and

oil, and when extracted is a colourless liquid with a density of 0.91 g/mL. lts molar

mass is 278.4 g mol™.

With a formula of C1sHz002, ALA’s structure is shown in the diagram below:

(@ On the diagram above, circle the functional groups of this molecule. 1
Marking criteria Marks
Circles alkanoic acid/carboxyl group (-COOH) AND alkene groups (C=C) 1
only

Markers Note:
e Students should circle all the alkene groups. (Circling just one example of this
functional group was accepted)
e The carbonyl and hydroxy groups should not have been circled separately.
e (C-C single bonds are not a functional group.

(b) Predict whether this molecule would be water-soluble, explaining your
reasoning. 2

Marking criteria Marks
Correct prediction of solubility with a thorough explanation of insolubility | 2
with reference to:
- dispersion forces and hydrogen bonding
- polarity of water
- non-polar fatty acid (dominance of non-polar tail in fatty acid)
OR
Correct prediction of solubility with a thorough explanation of insolubility
with reference to:
- enthalpic considerations
- entropic considerations
Correct prediction of solubility and a sound explanation that lacks depth 1
and detail.

Sample answer:

This molecule will not be soluble in water since this large molecule is dominated by a
long non-polar hydrocarbon tail. This hydrophobic (non-polar) tail exhibits dispersion
forces that are not strong enough to overcome the strong hydrogen bonds that exist
between the polar water molecules and hence will not dissolve. Even though the fatty
acid has a polar acid functional group that could form some hydrogen bonding with
the water molecules, this interaction will be outweighed by the dispersion forces that
exist between the long non-polar tails of the fatty acid, that form the majority of the
molecule.
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() 2 mL of ALA is mixed with 2 mL of bromine water, shaken and then left
to stand for a few minutes. Identify and explain two observations you
would make. You may find a diagram to be helpful.

2
Marking criteria Marks
Identifies and explains TWO observations 2
Identifies and explains ONE observation. 1
OR
Identifies TWO observations

Sample answer:

- The orange-brown bromine water is decolourised due to the addition reaction of
bromine water across the C=C double bonds in the ALA forming a colourless
product.

- The non-polar ALA will separate and float on top of the aqueous layer since ALA is
less dense than water and insoluble in water.

Markers note:

It was not enough for an explanation to simply say the bromine water would decolourise due
to presence of C=C. Students needed to explain how the reaction occurs.

Note: Clear is not a colour (i.e., bromine water goes clear did not score marks for
observation as the bromine water was clear to start with (i.e., clear brown/orange at star)t,
also it is not the ALA that goes colourless as this was colourless at the start.

(d) When used, ALA is often partially hydrogenated, so it is an unhealthy
trans-fat that has a single carbon-carbon double bond remaining.
Calculate the volume of hydrogen gas at 100 kPa and 25°C required to
convert 1.0 g of ALA to its equivalent trans-fat.

2
Marking criteria Marks
Correct answer 2
One step correct 1

Sample answer:

2H-needed to convert 2 C = C in ALA

Naia = mM/MM= 1/278.4 = 3.59 x 10 mol

N =2 XNaa=7.18x 10°mol H>needed.

At 25°C and 100KPa, vz =nx24.79 =0.178L = 0.18 L (2 sf)

Markers note:

Responses need to show working clearly and use some words to show what they are
calculating.

Many responses failed to recognise that 2 moles of H, were needed in the reaction.



Question 31 (8 marks) Marks
This question is about buffers.

(@) State what is meant by the term buffer and describe the chemical composition

of an acid buffer solution in general terms. 2
Marking criteria Marks
e Describes a buffer system as helping to maintain pH/resist changes to 2
pH

e Correctly describes the chemical composition and equimolar
concentrations of an acid buffer

One of the above 1

Sample answer:

A buffer resists changes in pH when acid or base is added to a system.

An acid buffer is composed of a 50:50 ratio (or equimolar or approx. equal amounts) of a
WEAK acid with its conjugate base e.g., CH;COOH/CHs;COONa

Markers note:

Responses for the composition of the buffer often lacked detail such as:

- the equivalent amounts of weak acid : conjugate base

- recognising that the acid used needed to be weak.

Some responses did not address the question re the composition of an acid buffer and
students generically wrote the components of all buffers . eg weak acid/base with conjugate
base/acid.

50.0 mL of 0.10 mol L' ammonia solution is mixed with 50.0 mL of 0.060 mol L

hydrochloric acid and the resulting mixture forms a buffer. The K, of NH; is 1.78 x 105,

(b) Describe what would happen if an additional small amount of acid solution was
added to this buffer. Use an equation to support your explanation.

Marking criteria Marks

Thorough description involving shift of equilibrium to counteract change 2
with a correct equation showing equilibrium arrows

Sound description relating to a suitable equation OR a correct equilibrium 1
equation.

Sample answer:

The buffer system formed is NHs @y + H-Oy = NHi'ag + OH g

If H;O*added to this buffer system, it would remove OH" from the equilibrium system
due to the reaction of H;O* + OH — 2H-0.

The equilibrium shifts to the RHS (LCP), therefore resisting change to pH, since H;O*
has been removed and pH = - log [Hs0"]. The buffer reestablishes equilibrium, and
pH is minimally affected.

OR

The buffer system formed is NHs (aq) + HsO*(aq) = NH.*(aq) + H-O(l)



If H;O* added to this buffer system, the equilibrium shifts to the RHS (LCP), therefore
resisting change to pH, since HsO* has been removed and pH = - log [H5O*]. The
buffer reestablishes equilibrium, and pH is minimally affected.

Markers note:

Many responses did not demonstrate a thorough understanding of buffers.
Responses for the buffer needed an equilibrium arrow and a description of the shift in
equilibrium when an acid added to the system.

(c) Calculate the pH of the buffer produced when the two solutions were mixed.
4

Marking criteria Marks

Correct answer with all working

One error in calculation but all correct steps.

Two correct steps

= N|W|>

Any correct step eg calculating moles ammonia and HCI, identifying
limiting reagent, calculating [NHs], [NH,*], expression for K,, pOH or pH
calculation

Sample answer:

n(NH3z) = 0.10 x 0.05 = 0.005 mol

n(HCI) = 0.060 x 0.05 = 0.003 mol

HCl is limiting.

Therefore, in buffer n(NHs) = 0.002 (0.005 - 0.003) and n(NH,*) = n(HCI) = 0.003
This is in 100 mL, therefore:

[NHs] = 0.002/.1 = 0.02M,

[NH;] =0.003/.1 = 0.03M

NH; + H.O = NH, + OH

NHS H-0 NH.* OH-
/ 0.020 0.030 0
C - X + X + X
E 0.020 - x 0.030 + x X

Ky NH; =1.78 x 10°°

(x is negligible compared to concentrations of 0.02 M and 0.03 M)
1.78 x 10° = [NH,*] [OH J/[NH;5] = 0.030 x/0.020
x=[OH]=(1.78 x 10° x 0.020)/0.030 = 1.186666 x 10° M

POH = - log [OH] = 4.926

pH =14 -pOH =9.07



Markers note:

If solve with H-H:

pH = pKa + log [A] [HA]

pKa= 14 - pK, = 14 - (-log 1.78 x 10%) = 9.25

(Or find via Ka = Ku/Kb = 1 x 107%/1.78 x 10° = 5.61798 x 107°, pKa = - log 5.61798 x 10"0)

In buffer n(NH3) = 0.002 (0.005 - 0.003) and n(NH,*)= 0.003
[NHs] = 0.002/.1 = 0.02M, [NH4] = 0.003/.1 = 0.03M

pH = pKa + log [A] [HA]
pH = 9.25 + log (0.02/0.03) = 9.07

OR
pOH = pKy, + log [NH: Y/ [NHs]

=-log 1.78 x 10° + log (0.03/0.02) = 4.9256....
pH = 14— 4.9256... = 9.07

Question 32 (3 marks)

Determine the maximum mass of calcium hydroxide that will dissolve in 230 mL of
0.040 M barium hydroxide solution at 25°C.

Marking criteria Marks
Correct answer with calculations 3
One error in calculation 2
One correct step. eg correct [OH], correct molar mass of Ca(OH), 1

Sample answer:
Ksp Of Ca(OH)Z = 5.02 X 10_6
Ksp = [Ca2+][oH-]2

[Ba(OH).] = 0.04 M, therefore [OH] = 0.08M (hydroxide ion will have negligible
change in concentration with dissolution of calcium hydroxide)

Ksp = [Ca**][OHT
5.02 x 10°=x.0.082
X =7.843 x 10* mol L™
Ncaor =C XV =7.843x 10* x 0.230 = 1.804 x 10 mol L™

Nca2+ = Nca©oH)2

mass calcium hydroxide = n x MM = 1.804 x 10* x 74.096 = 0.0134 g

Markers note:
e Students are advised to show their working and logic clearly. Using some words to
show what is being calculated is strongly advised! (A bunch of numbers on a page is
not very helpful.)



Question 33 (3 marks)

Deduce whether a precipitate will form when 5.0 mL of 0.010 mol L™" magnesium
sulfate solution is added to 10.0 mL of 0.020 mol L' sodium carbonate solution at
25°C.

Marking criteria Marks

Correct 3
e calculations for [Mg*] and [CO3*],
e calculation for Qs
e relationship between Qsp and Ksp and deduction of ppt forming

One minor error in above but must show calculation of Qsp

—IN

One correct step.

Sample answer:

[Mg*] = (0.01 x 0.005)/0.015 = 3.33 x 10 mol L’
[COs*] = Vc =(0.020 x 0.01)/0.015 = 1.33 x 102 mol L'
Qsp = [Mg?*] X [COs*] = 4.44 x 10

Ksp (MgCO3)=6.82 x 10°®

Qsp > Ksp, therefore a precipitate will form.

Markers note:
e Students are advised to show their working clearly.
e Some responses showed calculations for a limiting reagent. i.e., Students identified
that number of moles of Mg*" was limiting reagent and tried calculating Qsp using
[Mg?*] = [COs*] = 3.33 x 10 mol L. If correct steps, Qsp = 1.11 x 10°° and Qsp >
6.82 x 10°°, therefore a ppt forms, followed this answer, students could score a
maximum of 2 marks.



Sydney Grammar School Form VI Chemistry 2023 Trial Examination

Question 34 (9 marks)

Two organic compounds, A and B, are isomers with a chemical composition by mass of
carbon 54.5%; hydrogen 9.2%; and oxygen 36.3%. A is soluble in water, while B is a
pleasant-smelling liquid.

The mass spectrums of both A and B have the M* peak at 88 but are otherwise not helpful
in distinguishing between the isomers as they both show peaks at an m/z ratio of 15, 29,
43 and 73.

A’s carbon-13 NMR has three peaks (one each at 184, 35 and 19 ppm), while B’s
equivalent has four peaks (171, 60, 21 and 17 ppm).

The IR and proton NMR spectra are shown on the following pages, along with proton NMR
shift data.

Determine the structure of each of the isomers. Draw and name the isomers in the boxes

provided on the following pages. Justify your choices based on the information
provided, making sure to reference ALL spectral types.

Marked holistically

Marks Criteria
9 e Draws and names Compound A as 2-methylpropanic acid
e Draws and names Compound B as ethyl ethanoate
e Clear, logical justification with detailed reference to all four
spectra and other supplied information
e Eliminates all possible alternatives
8 Missing one item from 9 — often incorrect name OR alternative
elimination
7 Missing two items from 9
5-6 Correctly identified compounds but gives limited justification
3-4 Gives a list of features with limited justification AND correctly
identifies at least one of the compounds
1-2 Any new information of relevance

Marking notes:
MP = methyl propanoate; EE = ethyl ethanoate

Identification of peaks on graphs were also marked when justification was insufficient in
written response.

Generally, well done. The following items were NOT marked down BUT:
e Good practice to use units (e.g., 184 ppm)
e Good practice to refer to datasheet when making claims about peaks
e Good practice to read IR peak as value at the bottom of the peak.
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"H NMR chemical shift data

Type of proton &6/ppm
Si(CHa)s (TMS) 0
R-CH; 0.9-1.0
R-CH-R 1.2-1.5
R-CHR: 1.5-2.0
R-C=C-H (alkyne) 2.0-3.1
-CO-CH:- c()a;l;i::weyl/g)es, ketones 0107
R-CH>-NH: 2.4-3.0
R-CH--X (X = F, Cl, B, I) 3.0-4.5
—CH.>-0O- (alcohols, ethers or 3.3-4.8
esters)
R-OH 1-6
R-NH: 1-5
R.C=CHR (alkene) 4.5-7.0
R-COONH-R (amide) 5-9
Ar-H (aromatic) 6.9-9.0
R-CHO (aldehyde) 9.4-10.0
R-COOH 9.0-13.0
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Question 35 (7 marks) Marks

The following graph shows how the pH changes during the titration of 25.00 mL of a
solution of a weak monoprotic acid (HA) with NaOH.

pH

140
130
120

110

0.0
o0 10 20 30 40 50 60 70 B0 950 100 110 120 130 140
Volume of 0.10 mol L' NaOH (mL)

Using the graph, identify the pH at the equivalence point.

Paid range 8.4-9.2

Bromocresol purple is an indicator that changes from yellow to violet over the
range 5.2 — 6.6. If bromocresol purple was used to detect the end point of this
titration, what effect, if any, would this have on the calculated concentration of
HA compared to its actual concentration?
1
Less than actual

(Explanation - V decrease from graph; so n(OH) decrease; so
n(H*) decrease; so c(HA) decreases) - not required in answer



(c) Calculate the pKg value of the HA acid. Give your answer to 2 decimal places.

Marks Criteria

5 e Reads volume at equivalence points as 8.2 mL

e Chooses a suitable point on graph to use in calculations
e Takes any equilibrium shift into account in calculation

e Calculates pKa as 4.50to 2 d.p.

As above less one point

As above less two points

Any two correct calculations — with working shown

= IND|W|Hs

Any relevant information

e Note it was possible to calculate 4.50 but not get full marks if errors or
working not shown.

e Many marks were not lost by not showing working.
e Do not round too soon.

Codes used in marking:

Code Meaning
IPC inflection point chosen when it is impossible to read graph
accurately when pH changing so quickly (usually ended up with a
pKa = 5.61)
E Errors

Sample Answer - but other points can be chosen
From titration curve, V(NaOH at equivalence point) = 8.2 mL
N(NaOH) = n(OH") = Vc = 0.0082 x 0.1 = 8.2 x 10 mol = n(H*) = n(HA)

Initial [HA] = n/V = 8.2x10%/0.025 =3.28 x 102 M
Initial [H+] = 10" =1 x 10 M (since curve starts at pH = 3)

HA = H + A
| 3.28x107 0 0
C  -0.001 +0.001  +0.001

E 3.18x10? 0.001  0.001

K. = [H*][A7] / [HA] = (0.001)?/ 3.18 x 102 =3.14 x 10°
p Ks = -log Ko = 4.50
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