SYDNEY GRAMMAR SCHOOL

Chemistry

General Instructions

Reading time — 5 minutes.

Working time — 3 hours
Board-approved calculators may be used
Write using blue or black pen

Draw diagrams using pencil

A Data Sheet and Periodic Table are
provided at the back of this paper

Write your candidate number and
master’s initials at the top of each page in
Part B and on the answer booklet

CHECKLIST

Each boy should have the following :

1 Question Paper

1 Multiple Choice Answer Sheet

1 5 - Page Booklet

Chemistry Classes.

|
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FORM VI
TRIAL HSC EXAMINATION

Section I  Pages 2 - 22

Total marks (100)

This section has two parts, Part A and
Part B

Part A
Total marks (15)
e Attempt Questions 1-15
o  Allow about 25 minutes for this Section

Part B
Total marks (69)
e Attempt Questions 16-27
e  Allow about 2 hours for this Section

Section II
Total marks (16)
»  Attempt Question 28 in this section.

e  Allow about 35 minutes for this Section

Pages 23-26



Form VI Chemistry 2007 Trial Examination

Part A

Total marks (15)

Attempt Questions 1-15

Allow about 25 minutes for this Part

Usc the multiple-choice Answer Sheet.

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

Sample 2+ 4=

(A) 2 B) 6 ) 8 (D) 9

W ® © ©®

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

@ ) © ©®

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

correct

-
¢ © 0
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|

Which of the following combinations listed below correctly identifies the

2007 Trial Examination

functional groups of alkanol and alkanoic acid.

alkanol functional group alkanoic acid functional group
A —Qfo —Qfo
~H O- H
H
5 |-C—0-H = ©
| SH-0
H
=0 i
c | ~-C—0O—H
T O-H |
H
Z%DH <70
D _ _
l T O-H

What was the Montreal Protocol and its subsequent amendments designed to do?

(A)  reduce the release of greenhouse gases.
(B)  ban production of greenhouse gases.

(C)  limit the production of greenhouse gases to developing countries.

(D)  phase out the use of CFCs, halons and related substances.

Which of the following substances could cause eutrophication in a water supply?

(A)  Ammonium nitrate
(B)  Sodium chloride
(©) Calcium sulfate
(D)  Sulfuric acid

Page 3 of 28
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4 Concentrated sulfuric acid is classified as an oxidising agent. The sulfate ion is
usually converted to sulfur dioxide as shown in the following equation:
SH(S) + 2H2$O4(]) ~ SnSO4(aq) + SOz(g) + 2H20([)
Which statement concerning this reaction is correct?
(A)  The oxidation state of sulfur does not change.
(B)  Tinis reduced as its oxidation state changes from 0 to +II.
(C)  The oxidation state of sulfur decreases from +VI to +1V.
(D)  The sulfuric acid loses electrons as it is converted to sulfur dioxide.
5 Which of the following tests is best used to monitor the total dissolved solids in
water?
(A)  hardness
(B)  dissolved oxygen and biochemical oxygen demand
(C)  concentration of lead ions
(D)  conductivity
6 The composition of unpolluted dry air at sea level is given in the table below.
Substance % by volume
Nitrogen 78.1
Oxygen 20.9
Argon 0.93
Carbon dioxide 0.038
others each < (.01

Which of the following represents the concentration in ppm (by volume) of carbon
dioxide in the troposphere?

(A) 38 ppm
(B) 380 ppm
(C) 3800 ppm
(D) 38000 ppm
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7

10

What is the name of the following compound?

Cl Br

||
Cl—(|3——C——F
Cl F
(A) 1 — bromo — [,1,1 —trichloro - 1,2 - difluoroethane
(B) 2 — bromo - 1,1,1 —trichloro — 2,2 - fluoroethane
©) 1 —bromo —2,2,2 — trichloro — 1,1 - difluoroethane
(D) 1,1,1 — bromo — 2 — trichloro — 2,2 - difluoroethane

Which statement best represents Arrhenius’ definition of an acid?

(A)  Acids contain oxygen.

(B)  Acids are proton donors.

(C)  Acids contain hydrogen.

(D)  Acids form hydrogen ions in water.

Which of the tollowing is the best indicator for a strong acid — weak base titration?

(A)  phenolphthalein
(B)  bromothymol blue
(C)  methyl orange

(D)  universal indicator

Consider the following information about the oxides of three elements X, Y and Z
(not their chemical symbols).

» The oxide of X reacts with base only.
o The oxide of Y reacts with acid only.
o The oxide of Z reacts with both acid and base.

Which of the following could represent X, Y and Z respectively?

(A)  CI, Na, Mg
(B) S, Li, Al
¢y Zn,ClLP
(D) K,P,Zn
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11 What would be the pH of a 0.1 M solution of citric acid?

(A) lessthan1.0

B) 1.0

(C)  between 1.0 and 7.0
(D)  greater than 7.0

12 Which isotope is most likely to be radioactive?
B) F
(©)  *Ca
(D) 'H
13 Which of the following reactions will occur as written?

(A)  Cugy + Zn(NO3)aqaq) 2 Cu(NO3)2 (aq) + Zngs
(B)  Cug) + Sn(NO;3)2 ag) 2 Cu(NO3)2 (ag) + Snis)
(©) 2Ag(5) + Cu(NO3), (aq) 2> 2AgN03(aq) + CU(S)
(D) Sngy + CuNO3)2 (ag) 2 SN(NO3)2 (agy + Cu)

14 What is the name of the process by which ethanol is purified from aqueous solution?

(A) distillation

(B)  fermentation
(C)  filtration

(D)  polymerisation

15 What is the [IUPAC name of the following ester?

(A)  butyl ethanoate
(B)  ethyl propanoate
(C)  ethyl butanoate
(D)  butyl propanoate
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i
Part B Masters’ Initials Candidate Number
Total marks (69)
Attempt ALL Questions

Allow about 2 hours for this Part

Answer the questions in the spaces provided
Show all relevant working in questions involving calculations

Question 16 (4 marks)

When a zinc strip is placed in a solution of silver nitrate a chemical reaction takes
place.

(a) Write half-equations for the oxidation and reduction reactions taking
place, and write a balanced chemical equation for the overall reaction.

(b) Calculate the E . if these two half-reactions comprised an electrochemical
cell under standard conditions.

(c) Predict and explain any observations that would be made if a silver
strip was placed in a solution of zinc nitrate.

Page 7 of 28
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Question 17 (3 marks) Marks
The structures of two commercially significant monomers are shown.
HQC:(’ZH H,C=—=CH
Cl
(a) Identify the systematic name of ONE of the monomers.
1
(b) Describe the type of polymerisation that the monomers shown above
undergo.
1
(c) Draw the structure of a polymer made from one of the above
monomers.
1
Page 8 of 28 JAG
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)

Masters’ Initials Candidate Number

Question 18 (5 marks) Marks

Oxygen has two allotropes O, and Os.

(a) In the space provided draw Lewis electron dot diagrams for O, and
Os.
1
(b) Contrast two properties (chemical or physical) of O, and O3 and
explain these properties on the basis of molecular structure and/or
bonding.
4
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Masters’ Initials Candidate Number

Question 19 (4 marks) Marks

Identify a buffer in a natural system and explain how the buffer works with reference
to your example,

4
Question 20 (4 marks)
(a) Give the name and formula for ONE amphiprotic ion.
2
(b) Write the formulas for an acid-base conjugate pair. Identify which is
the acid and which is the base.
2
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Masters’ Initials Candidate Number

Question 21 (7 marks) Marks

In the course of his studies a pupil measured the pH of identical concentrations of
hydrochloric acid and acetic acid.

(a) Explain the difference in pH of the two solutions.

2
He then diluted each solution by a factor of 10.0.
(b) Describe the procedure he should use to perform this task.

2
When he re-measured the pH of each solution, the pH of the hydrochloric acid had
increased by one pH unit, but that of the acetic acid had increased by only 0.5 pH
units,
() Explain why pH increases as the solutions are diluted.

1
(d) Explain why the two solutions change pH by different amounts.

2

Page 13 of 28 JAG



o VI Chemistry 2007 Trial Examination

Question 22 (8 marks) Marks

Consider the table of boiling points given below.

substance bp (°C)
ethyl ethanoate 77
ethanol 78
water 100
ethanoic acid 118
sulfuric acid 337
() Explain the difference in boiling point between ethanol and ethanoic acid.
2
(b) Write a balanced chemical equation, using structural formulas, for
the reaction between ethanol and ethanoic acid to form an ester,
2
(c) Justity the use of heating under reflux when carrying out this
reaction.
2

Question 22 continued on next page.
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Masters’ Initials Candidate Number

Question 22 continued Marks

(d)  Discuss the usefulness of distillation as a technique to separate the product
ester from the reaction mixture.

1
(e) Explain the use of esters in processed foods and cosmetics.

1
Question 23 (9 marks)
A quality control chemist was given the task of checking the amount of citric acid
(C¢HgO7) in sachets to be sold in supermarkets.
The sachet contained 1.750g of powder. The contents of a sachet was transferred
quantitatively to a conical flask and dissolved in 20mL of water. An indicator was
added and the acid titrated with standardised 1.050 M sodium hydroxide solution.
23.80mL of base was required to reach the end point.
(a) Identify a suitable indicator for the titration and justify your choice.

2
(b) State how you would identify the end point of the titration.

i

Question 23 continued on next page.
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Question 23 continued Marks

(c) Calculate the percentage of citric acid in the sachet. [Citric acid was the
only acid present.]

(d) Explain the use ot acids as food additives.

Page 16 of 28 JAG
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i

Masters’ Initials Candidate Number

Question 24 (4 marks) Marks

A laboratory experiment was set up to model the Haber process. Nitrogen gas and
hydrogen gas were passed over an iron/iron oxide catalyst at 500°C and 25MPa. The
molar concentration of ammonia gas was monitored over a period of time and the data
graphed as shown below.

A

Molar concentration
of ammonia

T, Ty time

At time T the volume of the reaction vessel was doubled while the temperature
remained constant.

Sketch on the graph above:

(1) the change in concentration of ammonia gas at T). 1

(i)  the concentration of ammonia after T| when a new equilibrium was 1
reached at T».

(iif)  Explain the changes that you have sketched on the graph. 2

Page 17 of 28 JAG



Form VI Chemistry 2007 Trial Examination

Question 25 (9 marks) Marks

A sample of water was collected from a storm water channel. This channel runs into
the ocean. Samples were analysed on site and in the school laboratory. The results
are recorded in the table below.

Property Values Typical clean water values
Temperature 17°C N/A
Total dissolved solids 3500 ppm <100
pH 7.5 6.5-7.3
i Dissolved oxygen 9 mg/L 7-9 mg/L,
Total phosphate 0.1 mg/L. 0.01 mg/L.
Nitrate 0.5 mg/L 0.1 mg/L

(a) ldentify a property in the above table that should be tested ‘on site’.

1
(b) Justify your response to part (a).
1
(c) Briefly describe how you would find the mass of undissolved solids in the
water sample.
2

Question 25 continued on next page.
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o

Masters’ Initials Candidate Number

Question 25 continued Marks

(d) Propose one reason to explain the relatively high value of total dissolved

solids:
1
(e) It is suspected that lead has contaminated the storm water channel. Describe a
chemical test that could be carried out on the water sample to determine the
presence of lead ions.
2
(H The concentrations of ions in substances used by society need to be
monitored. Justify this statement with reference to ONE ion you have studied.
2
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Question 26 (5 marks) Marks

The presence of CFCs and halons in the upper atmosphere has led to a decrease in
ozone levels in spring, particularly over Antarctica.

(a) What is a CFC?

1
(b)  Identify one possible origin of CFCs in the atmosphere.
1
(¢) Explain how CFCs destroy ozone. Use relevant chemical equations in your
response.
3
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Masters’ Initials Candidate Number

Question 27 (7 marks) Marks

Evaluate the potential of ethanol as a fuel to replace petroleum.

Page 21 of 28 JAG
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Form VI Chemistry

Section 11

16 marks

Attempt question 28 in this section.

Allow about 35 minutes for this section.

Answer the question in a writing booklet. Extra writing booklets are available.
Show all relevant working in questions involving calculations.

2007 Trial Examination

Question 28
Question 31
Question 32
Question 33
Question 34

Industrial Chemistry

Elective 2
Elective 3
Elective 4
Elective 5
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Question 28 (16 marks) Marks

(a) The diagram below shows the production of sulfuric acid by the Contact process.

— 98% sulfuric acid

Converter 350-400°C
Sulfur
dioxide + air al
Absorption
tower
Water
‘___
oleum ) dilnion
T 2t
Heat A
Exchange
T -
—~ —
Heat
EEE -— Tankage Exchanger
(i) Write an equation for the reaction which occurs in the converter. 1
(i1)  Name the catalyst which is present in the converter. 1

(ii1)  The pressure in the converter is about 100 kPa and the temperature is nearly
400°C. Explain why these conditions are used. 2

(iv)  Explain why heat exchangers are necessary whenever the concentration of
sulfuric acid changes. 1

(v) Based on the properties of sulfuric acid, describe the safety precautions that are
necessary for its transport. 3

N

(vi) Identify TWO uses of sulfuric acid.

Question 28 continued on next page.
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(b)  Experimental data has been collected for the decomposition of nitrosyl bromide

(NOBr) as a function of time at constant temperature in a closed system. The
reaction equilibrium is:

2NOBr(g)

ZNO(y + Brygy)

The graph shows the change in concentration of NOBr with time.
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El 0.00800 4 —- \— ,‘,A_ -
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E
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© 000600 -
=
@
u
j
(o)
)

0.00400

000200 . 1o oo - -

[ _‘ ‘
P
: _ 1
0.00000 T : — ; !
0.00 5.00 10.00 15.00 20.00
Time {s)
(1) At what time does the system reach equilibrium? 1

(ii) Using data from the graph above, calculate the value of K for the
decomposition of NOBr. 4

(1i1) Both NOBr and Br; are reddish brown, so this property cannot be used to
monitor the system as it approaches equilibrium. Identify a measurable
property of the system that a chemist can readily use to determine when
the system has reached equilibrium.
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Chemistry

Data Sheet

Avogadro’s constant, Na ... 6.022 x10% mol™'

Volume of I mole ideal gas:  at 100 kPa and

at0CR73K) oo 22.71L
at25°C (298K) oo 24,79 1.
lonisation constant for water at 25°C (29815 K), Ky ooovvivviiieiinna. 1.0 % 107

Specific heat capacity of Water ...t 4.18 x 10° Jkg 'K

Some useful formulae
pH = —logo[H] AH = - mCAT

Standard Potentials

K +e . K -294V
Ba® +2¢” — Bay 291V
Ca’' +2¢ — Cayy 287V
Na"+¢ — Nag,) 271V
Mg + 2¢ —_ Mg 236V
Al' + 3¢ — Al -1.68 V
Mn®" + 2¢” — Mng, ~1.18V
1,0 + ¢ — Vs Hy + OH™ 083V
Zn + 28 — Zng, 076V
Fe?' +2¢ — Fegy —0.44 V
Ni*' +2¢” — Nig 024V
Sn*' + 2¢” — Sngy 014V
Pb* +2¢” — Pbyg -0.13V
H'+e — Vs Hag 0.00 v
SO, 7+ 41" + 2¢ — SOy + 21,0 0.16 V
Cu®' +2¢ . Cugy 034V
Yo Oy + HL0 + 207 — 201 040V
Cu +¢ — Cugy 0352V
Volyy + € — I 0.54 v
Vs Lagag) + € — I 0.62V
Fe'' + ¢ — Fe?' 0.77V
Ag'+ e — Agy 080V
Va Brygy + ¢ — Br- 1.08 V
Y2 Brygag) €7 N Br LI0OV
a0y +2H' + 2¢ . H,0 123 v
Ve Cr07% + 7H' + 3¢ — Crt+ 3 14L,0 136V
Yo Clygyy + € — cr 1.36 V
Vs Clyg + € — cr 140 v
MnO, + 8H" + 5¢ — Mn** + 4H,0 151V
Va Fagg) + € N F 289V
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2007

FORM VI
TRIAL HSC EXAMINATION

Chemistry crib

Section I Pages?2 - 22

Total marks (100)
General Instructions This section has two parts, Part A and
Part B
¢ Reading time — 5 minutes.
Part A
e  Working time — 3 hours Total marks (15)

e Attempt Questions 1-15

e Board-approved calculators may be used
e Allow about 25 minutes for this Section

e Write using blue or black pen

¢ Draw diagrams using pencil Part B
Total marks (69)
e A Data Sheet and Periodic Table are o Attempt Questions 16-27
provided at the back of this paper o Allow about 2 hours for this Section
e  Write your candidate number and
master’s initials at the top of each page in Section I1 Pages 23-26
Part B and on the answer booklet Total marks (16)

e Attempt Question 28 in this section.
e Allow about 35 minutes for this Section

CHECKLIST

Each boy should have the following :

1 Question Paper

I Multiple Choice Answer Sheet

5 - Page Booklet

L

Chemistry Classes.

1 I MMB 2 RIF 3JAG
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Form VI Chemistry

Part A

Total marks (15)
Attempt Questions 1-15
Allow about 25 minutes for this Part

—
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Part B Masters’ Initials Candidate Number
Total marks (69)

Attempt ALL Questions
Allow about 2 hours for this Part

Answer the questions in the spaces provided
Show all relevant working in questions involving calculations

Question 16 (4 marks) Marks

When a zinc strip is placed in a solution of silver nitrate a chemical reaction takes
place.

(a) Write half-equations for the oxidation and reduction reactions taking
place, and write a balanced chemical equation for the overall reaction.

Zng —> Zn"" -+ 2e” Oxidation
(1 mark)
AG iy + e —> Agy Reduction 2
2AgN0O3y + Zingy —> Zn(NO3) ) + 248 (1 mark)
(b) Calculate the E 1f these two half-reactions comprised an electrochemical

cell under standard conditions.

Loy = +0.76 + 0.80V) = 1.56V 1

(©) Predict and explain any observations that would be made if a silver
strip was placed in a solution of zinc nitrate.

No visible reaction because zinc is more active metal than silver — no
displacement would be expected. 1

Page 3 of 25 JAG
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Question 17 (3 marks)

The structures of two commercially significant monomers are shown.

H2C:C,:H H,C=CH
Cl

(a) [dentify the systematic name of ONE of the monomers.

chloroethene or phenylethene

(b) Describe the type of polymerisation that the monomers shown above
undergo.

These monomers undergo addition polymerisation.

—C=C— bond breaks — beginning of linkage and
polymer chain, containing all the reactant
atoms

(c) Draw the structure of a polymer made from one of the above
monomers.

Marks

H H
H H
|
H
H Cl
n
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Masters’ Initials Candidate Number

Question 18 (5 marks) Marks

Oxygen has two allotropes O, and Os.

(a) In the space provided draw Lewis electron dot diagrams for O, and
Os.

(b) Contrast two properties (chemical or physical) of O, and O3 and
explain these properties on the basis of molecular structure and/or

bonding.
contrasts 1 prop (1 mark)
contrasts 2 props or contrasts 1 prop and explains this (2 marks)

contrasts 2 props and explains [ very well or contrasts 2 props and includes
satisfactory explanation (3 marks)

contrasts 2 props and explains the contrasts at a high level (4 marks) 4

Sample answer

Ozone is much more soluble in water than oxygen (570mg/L compared to 10mg/L).
This is because oxygen does not have a dipole moment since it is a linear molecule
whereas ozone is bent and as a result has a dipole moment. Water is a polar solvent
and hence dissolves substances with hydrogen bonding or dipole moments present
better than substances with only dispersion forces present between molecules (like
oxygen). Ozone has a higher boiling point than oxygen even when its larger
molecular weight is taken into account. This is again because of the bent shape of the
molecule and the existence of a dipole as well as dispersion forces. Since oxygen only
has dispersion forces between the molecules, which are weaker than dipole-dipole,
less energy is required to overcome the intermolecular forces of oxygen and hence a
lower temperature is required for oxygen to boil than ozone.

Page 5 of 25 JAG
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Masters’ Initials Candidate Number

Question 19 (4 marks) Marks

Identify a buffer in a natural system and explain how the buffer works with reference
to your example.

Identify a buffer in a natural system and explain how the buffer works with reference to
your example.

4
- . Gritern | Marks
s As below + uses equations 1o show bulfer reactions for acid and base 4
* As below + uscs equations to show bulfer reactions for acid or base 3
e Asbelow I describes how the buffer responds to pll changes o 2
ldentifies a buffer pair and the natural system in which it works 1 I
> Very poorly done.
> Mauany boys totally confused amphiprotic with bufters and hence only stated ouc
ion as unportant to the bufter.
4
Question 20 (4 marks)
(a) Give the name and formula for ONE amphiprotic ion.
Give the name and formula for ONE amphiprotic ion. ) ' 2
| Criteria o % Marks
{ e Gives name and formula for amphiprotic ion 2 ‘,
e Gives name or {ormula for amphiprotic on i . | 5
= Some confusion between amphoteric and amphiprotic
¥ Too many boys answered with a compound nstead of an ion.
2
(b) Write the formulas for an acid-base conjugate pair. Identify which is
the acid and which is the base.
Write the formulas for an acid-base conjugate pair, Identify which is the acid and which is
the basc. S _ 2
Criteria o | Muarks
| = Gives formulac for conjugate pair AND identifics acid and base. _ 2
e Gives formulac for conjugate pair | j
» generally well done
2
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_ ]

Masters’ Initials Candidate Number

Question 21 (7 marks) Marks

In the course of his studies a pupil measured the pH of identical concentrations of
hydrochloric acid and acetic acid.

(a) Explain the difference in pH of the two solutions.

() _
| ldentifies different {1307} and relates [H;0 ] to pH 2
I Identifics that the solutions have different [HO ] because of ditferent strengths l

He then diluted each solution by a factor of 10.0.

(b) Describe the procedure he should use to perform this task.

(b)
[ tdentifics the use of a pipetie and volumetrice flask (of appropriate capacilies)
Identifies the use of a pipetie and vofumetric flask, or !
Identifies the use of a pipetic or volumetric flask of specified capacity

When he re-measured the pH of each solution, the pH of the hydrochloric acid had
increased by one pH unit, but that of the acetic acid had increased by only 0.5 pH
units.

(©) Explain why pH increases as the solutions are diluted.

() )
Identifies that [1:Q7 ] decreases as the solutions are diluted and cxplains how l—T§’
(L0 s related to pH (eg pH = ~log|H;0]" ) i

(d) Explain why the two solutions change pH by different amounts.

(d) -

Fxplains the change in HCT (dilution) and HOAc (dilution plus shifl in
equilibriom position)
Fxplains the change in HC or HOAc

o
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Question 22 (8 marks)

Consider the table of boiling points given below.

(a)

(b)

substance bp (°C) |
ethyl ethanoate 77

ethanol 78

water 100

ethanoic acid 118

sulfuric acid 337

Explain the difference in boiling point between ethanol and ethanoic acid.

(a)

2007 Trial Examination

Marks

Lxplanation including dispersion forces and hydrogen bonding

Explanation involving hydrogen bonding or dispersion forces

Note: both cthanoel and acetic acid can form a maximum of one M- bond per

Also, forces are “stronger” or *weaker” not ‘more” or ‘less’

molecule.

2
Write a balanced chemical equation, using structural formulas, for
the reaction between ethanol and ethanoic acid to form an ester.
(b) B
i
H 74
H o H O Y,
L v H—c—c M H
H=G=G=0-H + H—C—C = A + 10
S L O——H H O0—C—C—H
|
H H
Fully correct equation, including equilibrium arrow 2
(I ignored states but (aq) is not appropriate.)
Two correet (organic) structural formulas 1
2

Question 22 continued on next page.
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Marks

Question 22 continued

(¢) Justify the use of heating under reflux when carrying out this
reaction,

(c) ’
B

Identifics that heating under reflux atlows prolonged heating at the botling point 2

without loss of material |, and

ldentifies that higher temperature means that equilibriuun 1s achieved sooner,
(The position of the equilibrium is not affected significantly; in any case the
| reaction is exothermic.)

entif 1

Identifies that heating under reflux allows prolonged heating al the boiling point

without loss of material . or
[dentifies that higher temperature means that equilibrium is achieved sooner,
(The posttion of the equilibrium is not affected significantly; in any casce the

reaction is exothermic.)

(d) Discuss the usefulness of distillation as a technique to separate the product
ester from the reaction mixture.

(D
Distilfation would separate ethyl acelate and anveacted ethanol {rom the reaction |
“nuxture, but would not separate these two substances.

1
(e) Explain the use of esters in processed foods and cosmetics.
o) -
Esters often have sweet, fruity odours. (E1OAC niay be a solvent in cosmeltics) !
NB the question says ‘explain’ not “identi(y’
i
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Question 23 (9 marks) Marks

A quality control chemist was given the task of checking the amount of citric acid
(CelI307) in sachets to be sold in supermarkets.

The sachet contained 1.750g of powder. The contents of a sachet was transferred
quantitatively to a conical flask and dissolved in 20mL of water. An indicator was

added and the acid titrated with standardised 1.050 M sodium hydroxide solution.
23.80mL of base was required to reach the end point.

(a) Identify a suitable indicator for the titration and justify your choice.

(@)
Identifies phenolphthalein and explains why the equivalence point is basic (citrate | 2
ion is basic — conjugate base of a weak acid or weak acidsstrong base ltration). |

l, [dentifics phenolphthalein or identifies that the equivalence point is basic I
2
(b) State how you would identify the end point of the titration.
(b) .
Identifics that the end point occurs at the firsi permanent colour change or !
identifics the colour change (colourless — pink or red)
1

Question 23 continued on next page.
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Question 23 continued Marks

(c) Calculate the percentage of citric acid in the sachet. [Citric acid was the
only acid present.]

(©)

Corrcctly calculates the % citric acid (91.45%) to 4 sig figs

Correctly caleulates the % citric acid (91.45%)

Calculates the chemical amount of citric acid in the sample (8.330 nunol)
Calculates the chemical amount of NaO1l1 (24.99 mmol)

(d) Explain the use of acids as food additives.

(d)
Identifies two oft the ow pH inhibits the growth of microorganisms or low pH 2
prevents oxidation or the sour taste enhances the flavour., )
Identifics one of: the low pH inhibits the growth ol microorganisms or low pil l
prevents oxidation or the sour taste enhances the flavour,
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Question 24 (4 marks) Marks

A laboratory experiment was set up to model the Haber process. Nitrogen gas and
hydrogen gas were passed over an iron/iron oxide catalyst at 500°C and 25MPa. The
molar concentration of ammonia gas was monitored over a period of time and the data
graphed as shown below.

4

Molar concentration
of ammonia

T T time

At time T the volume of the reaction vessel was doubled while the temperature
remained constant.
Sketch on the graph above:
(1) the change in concentration of ammonia gas at T. 1

(1) Sharp drop in [NH,] on graph. Should be half initial concentration, bul any sharp

drop == | mark

(i1) the concentration of ammonia after T; when a new equilibrium was 1

reached at T,

(1) Concentration drops further, exponential decay, levels off at T when equilibrium
is reached. Sigmoid curve or T concentration = 0 marks.

(iii)  Explain the changes that you have sketched on the graph. 2

(i) 1 mark for explaining each change in (i) and (i1) above.
For (i) an cxplanation relating doubled (or increased) volume to hatved (or
decreased) concentration
For (ii) an explanation relating to Le Chatelier’s principle.

Note that Le Chitelier himself is not personally responsible for the change in
equilibrinm position and neither is his principle! Also don’t abbreviate: LCP,

cone. elc.
Another common faux pas was to refer to “forward’ or ‘reverse’ reactions

without writing an equation!
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Question 25 (9 marks) Marks

A sample of water was collected from a storm water channel. This channel runs into
the ocean. Samples were analysed on site and in the school laboratory. The results
are recorded in the table below.

Property Values Typical clean water values
Temperature 17°C N/A
Total dissolved solids 3500 ppm <100
pH 75 6573 |
Dissolved oxygen 9 mg/L. 7-9 mg/L
Total phosphate 0.1 mg/L. 0.01 mg/L.
Nitrate 0.5 mg/L. 0.1 mg/L.

(a) Identify a property in the above table that should be tested ‘on site’.

(a) Temperiture

1
(b) Justify your response to part (a).
(b) The temperature of the sample can change if encrgy is transterred as heat from the
sample to the surroundings or vice versa.
1
(©) Briefly describe how you would find the mass of undissolved solids in the
water sample.
2

(c) Filter the sofution through a filter paper of known mass, then dry and weigh filter
paper + undissolved solids, calculate mass of undissolved solids. T mark for the
filtration step, 1 mark for more detail about weighing erc.

Note that to calculate the percentage of undissolved solids you would have to take
a known mass of solution, however this was not explicit in the question and was
not required.

Question 25 continued on next page.
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Question 25 continued Marks

(d) Propose one reason to explain the relatively high value of total dissolved
solids:

(d) Any reasonable answer involving the stormwater passing over/through dissolvable

material.

[n many cascs it was nol clear if boys were talking about dissolved or undissolved
solids. Boys had to explicitly refer to dissolving to get the mark.

1
(e) It is suspected that lead has contaminated the storm water channel. Describe a
chemical test that could be carried out on the water sample to determine the
presence of lead ions.
(¢) Adding a solution of I't,y) 2 canary yellow precipitate of Pbly.
Onc mark for chemical test (not AAS) and one for result.
Many boys said adding Cl ') to give a white ppt but this is not Ph-specific, Ag )
will give a white precipitate of AgCliy. I mark only for this.
2
(H The concentrations of ions in substances used by society need to be
monitored. Justify this statement with reference to ONE ion you have studied.
(N 1 mark forion and a specific effect of that 1on.
Second mark for detail as to why the mouttoring the coneentration of this ion is
nmportant,
2
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Question 26 (5 marks) Marks

"The presence of CFCs and halons in the upper atmosphere has led to a decrease in
ozone levels in spring, particularly over Antarctica.

(@)

(b)

(©)

What is a CFC?

(a) Haloalkane containing CI, F but no H atomns.

i
Identify one possible origin of CFCs in the atmosphere.
( bl) From aerosols, refrigerators ere i
i

Explain how CFCs destroy ozone. Use relevant chemical equations in your
response.

(c) First mark for cquation involving production of Cl radical from CFC
Second mark for equation showing the destruction of O3 by the Cl radical
Third mark for any further related equation, in the best answers this involved the

regeneration of the Cl radical.
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Question 27 (7 marks) Marks

Evaluate the potential of ethanol as a fuel to replace petroleum.

3 positives and 3 negative detailed points needed, PLUS a thorough evaluation.

Many boys quoted one of the points below but did not have sufficient detail
to attract a mark

Positives

~carbon neutral

Renewable resource

More complete combustion

Less S 2 less SO, production

lLower combustion temp =2 less NO, production

Negatives

Lower enthalpy of combustion per mol and per g
Cars nced modifications to run on =10-15% LtOH
Takes up arable land otherwise used for food
Process, distillation ete costly 1 termis of energy

Plus thorough cvaluation taking into account both positives and negatives,
Some boys gave a very long introduction about why a replacement for petroleum as a fucl

was needed or why ethanol can replace petroleum as a chemical feedstock for industry, be
careful and read the question!
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Form V| Chemistry

Section I1

16 marks

2007 Trial Examination

Attempt question 28 in this section.
Allow about 35 minutes for this section.

Answer the question in a writing booklet. Extra writing booklets are available.
Show all relevant working in questions involving calculations.

Question 28
Question 31
Question 32
Question 33
Question 34

Pages
Industrial Chemistry......cocvviiiiiiiiiiiiiiiiconiiionnnioonnns 25
Elective 2
Elective 3
Elective 4
Elective 5
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Question 28 (16 marks) Marks

(a) The diagram below shows the production of sulfuric acid by the Contact process.

98% sulfuric acid

Converter 350-400°C
Sulfur n— Lj
dioxide + air i ™
Absorption
tower
Water
‘__._
5} D
Sleum q ) dimion
Heat A
Exchange
fﬁ“"“-w.\_‘__ -
g T Heat
EEE - Tankage Exchanger
(i)  Write an equation for the reaction which occurs in the converter. 1
(ii)  Name the catalyst which is present in the converter. 1

(ii)  The pressure in the converter is about 100 kPa and the temperature is nearly
400°C. Explain why these conditions are used. 2

(iv) Explain why heat exchangers are necessary whenever the concentration of
sulfuric acid changes. 1

(v) Based on the properties of sulfuric acid, describe the safety precautions that are
necessary for its transport. 3

(vi) Identify TWO uses of sulfuric acid. 2

Question 28 continued on next page.
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(b)  Experimental data has been collected for the decomposition of nitrosyl bromide
(NOBr) as a function of time at constant temperature in a closed system. The
reaction equilibrium is:

2NOBI’(g)

2NOg + Brogy

The graph shows the change in concentration of NOBr with time.

0.01200 A

0.00800 4 - N\t

0.00600 4 - . .

Concentration (mol/L)

0.00400 J

0.00200 4 - - bt

0.00000

0.00 5.00 10.00 15.00 20.00

(1) At what time does the system reach equilibrium? 1

(i1) Using data from the graph above, calculate the value of K for the
decomposition of NOBr. 4

(i11) Both NOBr and Br; are reddish brown, so this property cannot be used to
monitor the system as it approaches equilibrium. Identify a measurable
property of the system that a chemist can readily use to determine when
the system has reached equilibrium.
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Chemistry
Data Sheet
Avogadro’s constant, Ny ..o 6.022 x10% mol !
Volume of 1 mole ideal gas:  at 100 kPa and
at 0 °C Q73 K) oovveiieeiiei 22.71L
at 25 °C (298K) oo 2479 L
fonisation constant for water at 25°C 29815 KY, Ky «ovviivviiiennnnn. 1.0 x 1o
Specific heat capacity of water ...............coic 4.18 x 10° Jkg 'K !
Some useful formulae
pH = - log;o[H'] AH =~ mCAT
Standard Potentials
K* +¢ —_ K(;) -294V
Ba®t +2¢ — Bag, 291V
Ca’' +2¢ — Cayg) 287V
Na' +c¢ -— [NE 271V
Mg?' +2¢ N Mg, 236V
Al' + 3¢ — Al ~1.68 V
Mn*' +2¢ — Mng, ~1.18 V
H,0 + ¢ — Y Hy( + OH -0.83 V
'+ 2e . Zng, -0.76 V
Fe' o+ 2e — Feg) 044 V
Ni*" + 2¢ — Nig) -0.24V
Sn*' + 2¢” _— Sngg -0.14V
Pb* 4 2¢ — Pby) -0.13V
H* + ¢ = VA H'_)(g) 0.00V
SO.F + 41" + 2¢ — SOy + 2H,0 0.16 V
Cu*' +2¢ — Cug 0.34 V
Y2 Oy + HaO + 2¢7 N 20H" 040V
Cu +e¢ N Cugy) 0.52V
Yo lyy + € — I 0.54 V
YA 12(;.(]) +e _ I 0.62V
Fett e N Fe?* 0.77V
/\g4 +e = Ag(;) 080 \Y%
12 Brz“) +c = Br~ 1.08V
Vo Biragy + ¢ . Br 1L10V
50, +2H" + 2¢ —_— H,0O 1.23V
Yy Cry0,% + TH + 3¢ — o+ 21,0 136V
Va Cl'_)(g) +c = Cl 136 V
Yo Clagagy + € — cr 1.40V
MnO, + 8H" + 5¢” N Mn*' + 4H,0 151V
Vo Fag + € — F 289V

JAG



2007 Trial Examination

Form VI Chemistry

2L FURUN
] UT IPALE ST XAOTOST MOIECHBL LGIELDD BGU 21 J0 SSEU STUOE ATl &)

sachOI0sT KD S0 uaAE 0T 0 puE di JO STudlant SHUmE Sy

TLACLDY 104 ST RS1am JIUCTE S UTY

S0z
SRRty G | SIS | SNRRD S WAL | SR T = L=l usry ummnlg unzmrlay wnzan UnER I AR oIy
lrzor) | lvesed | [issdd {lveszd y Gizsyd | fowsed | Dvewdd | Drewd | Lreved ) Dvwwdd | loceg) | oser | ot1ek ocer | lozed
1 G BN 1 x| 10 iz ug wy g N 9! ed uL Bl
Dl Wi 101 o0l 66 6 6 86 56 6 £6 76 16 06 63
SIPIUNFY
e wTgn g, PRl lﬁ‘ Ly T UnEUPH wnparkdr] wnzo | UnmIepEs andhrg wnnensg | oompslay | owasepoen | enmdossug|  wmun RS
oSLi 061 6391 €291 6491 $29l 5851 L8l 0TSt vost | lewp1l | zybl 60¥1 1071 6851
o] [$1% Wy = Sr ~a qL B g ws d N id D g7
il 0L 69 59 L9 99 59 +9 €9 79 19 0% 65 3¢ is
SIpUEIUET
Aﬁ TR |Ennprme | aousmsgy sonzEwg ooy wn@oges cazmn [ ERBSREH | PRIy umpTy WL g
lecel  liedd | (sord | lecdd lryozl | frgerd | [1297) | [17192] logzdl | [osedd
B Q A SH yg 55 &7 o 7y 1
4 011 601 301 L01 901 S0 #01 £01068 83 L8
sy i e fud] paT] LA L Km=apy ) ey @npig nEmEQ wnoEey oy anmaT, UMEITH | spyegwv] onisvg Ry
lozzel | oozl | {osoT] | os0C oot 70T 9'00Z 0L61 1's61 7zl 7061 7931 3¢31 6031 S8Lr el 62¢l
g v od 3 af v 5H ™y i 1 0 7 M a H ed 2
9% <8 73 €8 8 18 08 6L 8L LL 9L SL bl €L L 1£LS 95 $C
oY L] WEmypag] Avauzmy LA sngy Uy LAHS wnpsiizd wnpan] gy R AR WAROIN umpRury g A unpang unpRTy
£1El 6971 971 g1zl L8l Il FTI &L01 501 601 ot | [tecel | vese 1676 s 1689 9.8 | L¥S8
ax i A as ug uj P2 sy pd d oy 3L St n? 7 A 15 EES
s £ s i< 0% 69 3% Ly o st a4 £F 44 4 ov 6 3t LE
ey Semg LTS samry mAmmen | wmiEn =7 iy RN Hsts) g FowBap | LmRRED | wpwe wnzmy, amgparss wnwy) ENETRY
08°¢8 C66L 96'8L 6L £9TL TL69 1759 ({3 6985 £6'3¢ §9'5¢ 6P 00TS $6'05 L8LY | 96%Y g00r | ol6t
by o ) 5y 0 B uz o) N o) 3 A o) A 4 £ 9] P!
9¢ <t £€ £ 43 i< 0g 6 3T L7 ST §T vT X4 (44 Ic 0T 61
s uzoED) =S orREd | celps | ohEmAfy unpdnyy | umERg
s66¢ | sysi | 07 | oLe0f | 608t | ss9T TE¥T ) 66T
1 ) S 4 5 o G ™
3] A 91 5] i ¢l 4 I
Y supsny 4 ey Sagial coqnry e rEmuaps jo 2wy P s unEn
810z | o0&l | 009! vl | 19T 186! 0Ll | reem wary Cioe | iv69
N E o N 23 g o mss | T 7 ¢
01 5 S L 9 < 6L ey azay (2 <
amie 1T
<ot
o
¢

SLNIWITT FHL

JAG

Page 25 of 25



