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General Instructions

Reading time - 5 minutes
Working time — 2 hours
Write using blue or black pen

Board-approved calculators may be
used

Draw diagrams using pehéi:l: |

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

Write your Barker Student Number at
the top of the answer sheet and at the
top of ALL answer pages in

Section I1

ALL working or relevant equation
writing must be shown in
Questions 16 — 28
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Total marks — 80

15 marks

Attempt Questions 1 — 15

o Indicate all answers on the Answer Sheet
provided

o Allow about 25 minutes for this part

| Section IT | Pages 8 — 23

65 marks
*  Attempt ALL questions
« . Indicate all answers in the spaces prov1ded on

- paper
. Allowk about 1 hour 30 minutes for this section




Section I
15 marks

Attempt Questions 1-15
Allow about 25 minutes for this section

Use the multiple-choice answer sheet

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 (C) 8 D) 9
OO B@® OO OO

If you think you have made a mistake, put a cross through the incorrect answer and fill in the
new answer.
W B 0O OO

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
A

WM W 0O 0O




Which of the following is a systematic name for styrene?

Ethenylbenzene Text book }0., ]¢
(B) Choroethene

(C) Benzylethene
(D) Chlorobenzene

Which of the following is a condensation polymerisation reaction?

H o HH Ho O H H
(A) ! Ny N
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@ n|  N-C-C X ( N?*‘»\OH BT RN G-C-N-G-G1-OH F 2 H2O
" !
o woon HoH P!

What is the best reason that ethene can be transformed easily into many useful products?

(A) Etbene is a gas composed of non-polar molecules.
. @ Ethene has a highly reactive double bond.

(C) Ethene is 86% carbon by mass.

(D) Ethene can be produced by catalytic cracking.
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4.

The table gives the heat of combustion in kJ.g™ for a number of different fuels.

Heat of combustion
Fuel kJ.gh
Methanol 3% 227 by
Ethanol glo 29.6 13by - b
Propanol bo 33.6 o1l
Petrol (octane) (o4 47.8

The heat of combustion in kJ mol™ for one of the fuels was calculated as 2016 kJ mol ™.

What was the fuel?

(A) Methanol
(B) Ethanol

@ Propanol

(D) Petrol

What substance may ethanol be dehydrated to?

Ethylene

(B) Ethanolic acid
(C) Ethyne
(D) Ethyl ethanoate

The boiling points of three compounds are:

Compound A: 78.3°C
Compound B: --88.6°C
Compound C: 117.9°C

T2

,‘d’f as .

Aok | a

The compounds are known to be, in no particular order, ethane, ethanoic acid and ethanol.

Which of the following correctly identifies compounds A, B and C in that order?

(A) Ethane, ethanol, ethanoic acid.
(B) Ethanoic acid, ethane, ethanol.
(C) Ethanoic acid, ethanol, ethane.
@ Ethanol, ethane, ethanoic acid.




7.

The graph shows the mass and amount of carbon, fluorine and chlorine atoms in one mole of a
compound.

100 -25
80 - _ -20
Mass S i Amount
40 1 - 10
20 4 -5
s _-—“_I L L L o _——‘ O
Carbon Fluorine Chlorine

FEE] Mass () [ | Amount (mol)

What is the molecular formula for this compound?
(A) CEC

(B) CE(],

(C) GECL

@ cra,

The table below shows some properties of four commonly used radioisotopes.
Name of isotope Half-life Tonising power
Technetium-99 hours low
Cobalt-60 years , high
Carbon-14 thousands of years ‘ | | 10W
Urapium-238 millions of years moderate

Which of these isotopes would be most suitable for killing céncerous cells in radiotherapy?

(A) Technetium-99

@) Cobalt-60

(C) Carbon-14
(D) Uranium-238




Phenol red is an acid-base indicator, yellow 6.8 —red 8.4.
Methyl orange indicator, red 3.1 — yellow 4.4.

A small quantity of soil was added to 5 mL of pure water, stitrred for 5 minutes, allowed to
settle and filtered. When one sample of the filtrate was tested with phenol red, the colour
turned yellow. When another sample was tested with methyl orange, the colour turned yellow.

‘What is the best conclusion about the s0il?

best_s

10.

11.

CA) That it is slightly acidic and has a pH less than 8.4.
(B) That itis slightly acidic and has a pH less than 6.8.
(C) Thatitis slightly alkaline and has a pH less than 6.8.

(D) Thatitis very acidic and has a pH less than 4.4.

The following diagrams represent samples of four acids.

Eey: e =H" O = acid anion 80O = undissociated (unicpised) acid
o e @ o e @
. ’ © (O] : &
o @&
X o O @ ®
¢ o o8 - a0
® 8 o @ € , =
N A N L N © R AN . S
T Yy Y W

Which beaker can best be described as containing a sample of dilute, strong acid?

A) T
(B) U
€ Vv
D)y W

The Haber Process is used to synthesise ammonia in the following exothermic reaction.
N,, + 3H, <= 2NH, -+ heat
Which of the following procedures would increase the equilibrium yield of ammonia?

(A) Decrease both the temperature and pressure.
@ Decrease the temperature and increase the pressure.
(C) Decrease the pressure and increase the temperature.

(D) Increase both the temperature andbthe pressure.




12.

13.

14.

15.

)
Which of the following best describes a solution with a pH of 57 @Jrj = 10

@ Contains [H*] of concentration 10°M.

(B) More acidic than a substance with a pH of 4.

(C) Basic

(D) Contains an equal concentration of hydroxide and hydronium ions.

The pH of unpolluted rainwater is about 6.0. Which of these gases contributes most to this?

(A) CO,
B) N,
(C) NO,
D) O
- 0045 mol HU <Ol mol NaOH -
0.40 g of sodium hydroxide was weighed and dissolved in 15.0 mL of water in a conical flask.

The solution was then titrated with 0.50 M hydrochloric acid. The endpoint was detected when
19.0 mL of acid has been added. The value of 19.0 mL was less than the expected 20.0 mL.

This difference could be explained if:
(A) the burette had been rinsed with water prior to adding the hydrochloric acid solution

) B the equivalence point was reached before the endpoint

@ the sodium hydroxide solution had been left exposed to the air for a long period of time
before the titration was performed

D) the conical flask contained 25.0 mL of water instead of 15.0 mL.

A student prepares four solutions of acids, such that they are all of the same pH (pH = 6.0).
Which of the following solutions is the most dilute?

@ Hydrochloric acid

(B) Ethanoic acid

(C) Citric acid

(D) Carbonic acid
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Section II - 65 marks
Attempt ALL questions
Allow about 1 hour 30 minutes for this section

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

Marks

Question 16 (5 marks)
Polyethylene (polyethene) is a very important chemical in today’s society.

(@) Outline the THREE main steps in the commercial production of polyethylene. Te;d‘P 15-17 3

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

O wihabor + o caolyst, The double bondls breok onol o free roglesd sile occus in eack monone

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

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

0 .ol
“ . . LA - a fure.
o Joi vgeller mekiny long choins. Calplysts, denp v presswe confml shructe f

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

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

6) D A A A AL ARSI A S Lo TTLTECL sresses \
" redkald siles one Seuner! ngeller o€ conglekel il anoller fw. rodheed ot

Ale choin bdo{";(\f shops. @&r nam;qg shpes @ okes&wo’ﬁczn

(b) By altering the conditions under which polyethylene is produced, two different
polymers can be produced, LDPE and HDPE. _

Compare the uses of LDPE and HDPE, relating to their physical properties.” 2
LOPE - low densiby, solt ¥ Cleckdle - vsel Gor plashe film,

. N\ '
...................... soft Llecwle bogs o fous ;s uwfﬂabom@

.............................................................................................................................
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Question 17 (8 marks)

(a) Using the standard electrode potentials on your data sheet and equipment from the list
below, construct a fully labelled scientific diagram of a galvanic cell. 3

Equipment:

e Zinc metal, nickel metal

e Zinc nitrate solution, nickel nitrate solution, potassium nitrate solution
e FKilter paper

e 2 x 100 mL beakers

e Alligator leads . \aodk Jolkmer
e Voltmeter %Y

metal z(«zdgo(z , s:?x L\\‘? %%Zu
f

L (0OmL beakes
100mL borkes —1 »
{ '
2n(803), (09 | | Nu(NoR) )
¢l§’2 Q_,ac,k) mered elechwokes . . . o o . L L. @
"i eoch | correck soluhens In eoch bedkesr .. @
é_\ sald brlo%a_ “In r':%h’r place Wit ¥NO, . . @
L for vollneks oned leools A m%)k’r elace . @

/\L’_g’\ig.x\ce L mark if so messy nlerprefafien has lagen SHESNE N

Question 17 continues on page 10

I con be o WSH  Ln 4 M«Lé&@ﬁer%aw.
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Question 17 (continued)
(b) Write the reduction half-equation. 0.5
AT o -
S R Ne rde = NL
N Q) )
N
N
§ (c)  Write the oxidation half-equation. 0.5
PN —_
3 B B H B i st
© & (o)
s
~ | (d) Write the overall redox equation. 0.5
.............................. Zo k Nio —> 28 » NL
| Y %) (o) Cs)
X Take off 5 only oace Bor lock of shoks.
(e) Calculate the standard e.m.f. of the cell. Show working. 1.5

.................. (Oxid" . Zn=23"% 30 -0V &

e B N R R R S YT TR T TTIT LT S S o U SN, W APy

@ In the laboratory, you would not obtain a voltage close to the standard e.m.f. as
calculated in part (e). State ONE possible reason for this. 1

bbb S e S R R R R e T R R R R R R LR Y R A P

e Yo B e .

End of Question 17

10
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Question 18 (5 marks)
Over the past 100 years, there has been an enormous increase in the amount of fossil fuel
used. As supplies of these are finite, a suitable alternative must be found.
(a) Explain why ethanol can be regarded as both a fuel and as a renewable resource. 2

(b) Evaluate the conversion of starch (or glucose or sucrose) to ethanol as a source of
ethanol. MAKE A TUDGEMENWT BASEL OO CRITERIA. 3

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

..........................................
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Question 19 (7 marks)
(@) During your HSC course you have performed an experiment to compare the
reactivities of an alkene and an alkane.
Outline bow you conducted this experiment in your school laboratory using a
2

named alkene and a named alkane.

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

dnL Gyclohexene andt o dest bwht  of cych hexone . @nt) ©
3. Tre lest huas wee stoppoe onad shakan. @
3. Lelowr | ohang ... wmo\oswv‘nmmedwe@,wa%w&%w*es@

1€ fed-tuboes 1n dork < festfubes 1n light are useol (73 onswer- o () wil
hove fo a2 markast aawd«‘«%‘:))

*(b) In this experiment, you were required to select an appropriate alkene and alkane
N based on safety information. Justify your choice.

--------

Cyclo hexaae Is classeo as not- hazardlous 1€ usecd 1n smadf (Amt)

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

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

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

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

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

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

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

.....................................................................................................................................
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Question 20 (5 marks)

Since Luigi Galvani undertook his famous experiments into “animal electricity” there
have been great advances in our ability to harness electrochemical energy in the form of

batteries.

Using your knowledge of the dry cell or lead-acid cell, evaluate it in comparison to one
of the following:

button cell

fuel cell

vanadium redox cell

lithium cell

Gratzel cell
in terms of: chemistry, cost/practicality, impact on society, environmental impact.

Properties Dry cell / lead acid
Chemistry )

SEE| ATTACHED "TABLE

Cost/Practicality

MARKING Wit DerenNDd @

Impact on society

ON - WFAT K105 USk

Environmental impact

................................................................................................................................................
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Question 21 (7 marks)
(a) Describe why some isotopes are stable and others are unstable. 1

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

(b) Write an equation to represent the alpha decay of Thorium-230. ‘
A30 - a3k e ud
THe 7R (o=t <o d)

(¢) The Lucas Heights nuclear reactor in Sydney currently produces radioisotopes for o
use in a range of medical treatments and diagnoses. (et componants , W“‘fj

Using your knowledge of a named medical radioisotope, analyse the benefits and
problems associated with its use. 5

5@0%46/270#(9;/@0@% ..... et 30 N
Foblens... mu%éecaoszsfenﬁw?flo@@é%/%@ﬁ/s@

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

nfo T bloclofrecn. Go Ml Mool passeo 11245 te 4oy

o olffoent olewlis, Uo dmge itk iy amomditi

o rl .
.nt...li crarboro  « orearclondts ¢
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Question 22 (4 marks)

(a) Recent evidence suggests that there has been an increase in atmospheric

concentrations of oxides of sulfur and nitrogen due to industrial plants and vehicle
emissions through the burning of fossil fuels.

Explain, including relevant equations, how this may be contributing to the formation
of acid rain. 2

Burnin fossi| Fvek - S+ 0y > $0,amd 280, + Oy IS0, (1)

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

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

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

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

(b) Outline reasons for concern about the release of these oxides with respect to the
environment. 2

2. h oneas of Euope v IS whete SOy N0y emessions bowe heen hgA

e / 0‘32#&0/50/7%/?(%/”;‘«&%0[%0( .......................... @

JNO, + HO = HNOy + HANORO

e P ¥, T
acdl aeth

\\> @7‘6

15
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Question 23 (4 marks)
When carbon dioxide dissolves in water the following equilibrium process occurs.
CO,, + HOp =— H,CO, + heat
Explain, in terms of Le Chatelier’s Principle, what happens:
(i)  to the solubility of carbon dioxide in a soft drink bottle if the pressure decreases )

(i.e. when the lid is opened).

kt Ghodlis's frinople soys Pot whonan_equilibrim is chshrées

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

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

S has ba s, 2 0 g, Ctrts 0t o 50letien, fo, gl

........................................ 7................

e Clg) @

(i1) when a bottle of soft drink is heated. @

T equdibriom.. shibhs. fo. He. left, astn up Tk .

S

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

e%fmheaf', 50,0 C/O_;z@) Is Pmowf @ 5}/

......................................... 07 et B = S
. -

.

oL Oobeliors proaple ahodol Lo ofaked conplel ot
M@w.

(D) lan aleo Lo amorrercat 4o mo/gm,wﬁi@.

Coo’l(s) « Hy 0 j Hy, CO4 Lwyx
| ~ole P O nale. Y- . X
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Question 24 (4 marks)

A student places 2.4 g of magnesium into a beaker containing 4M nitric acid. They
observed that the acid fizzed vigorously until the magnesium had disappeared and a .

colourless liquid remained.

(a) Write a balanced symbol equation for this reaction.

..................... M3+HN03-——->5Q\103)&+“9,®
(s) (o (*4)

Calculate the number of moles of Magnesium that reacted, showing ALL working.
...... “543=&.‘:ka@
g3 3M.o|-'

-
i "5-
............................................................................................................................

Assuming that this reaction was carried out at 25°C and 100 kPa, calculate the volume

(b)

(©)

of gas produced.

- 71
-
....... Ha"’{f)
\/#: .......... 4 TR AN G e e eeeeerirtreeeeessttatteteesaa e arastases ettt atbeseasrbbaaaaareaeeaasnnrnnsaesasaaas

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

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

= 25 1. o corcect 95143@

N
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Question 25 (8 marks)

(a) Calculate the pH of 0.0060 M hydrochloric acid. 1
.................. P H=‘“‘03@>°><‘O
.......................... S 2 R O N

: ¥ .'c SRR e

- b

0.01 mol L% 0.01 mol L't

Acetic acid Citric acid Hydrochloric acid

Explain why the pH of these acids are different, even though they have the same
concentrations. Include suitable equations for acetic acid and hydrochloric acid to
assist your explanation. 3
...... thok @e ool porhally | tonisecdz)THaot] < [Chycoor]

e $00na e ()eg CHICOON + W0 =2 Chylon + H30" (&)
H;/droc)\lom'c. acel (s o shong acd Nt (s

) . ieeeesessssssesecesssvise

T ——

(:/‘
sevesasssessveasessrnsrncagdersrascerccscsrarcssvenedecascesscecssacasacrsassevacrane
o—
oo,

=0-01 H ool pH= Q .
........................................ P
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Question 25 (continued)

(c) Define the term amphiprotic. 1

(d) Write TWO chemical equations to show that the dihydrogen phosphate ion (HZPQ;)
is amphiprotic. Identify a conjugate acid/base pair in one of your equations. 3

HyPOy  +.  OHT == HPO >~ 4+ H,0

End of Question 25

v 4 D

HyPO, / HPO,. T
OH™/ H,0
H&POJ/ HzP0y
H;07/ 1,0

19
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Question 26 (7 marks)

A student determines the ethanoic acid content in white vinegar by titration with a standard
NaOH solution. The equation for the reaction is:

CH,COOH + NaOH — CH,COONa + H,0

|

D

NaOH

Q Vinegar
«~ solution .
T -~ golution

()

The following procedure was used:

Step 1: Wash burette with distilled water then fill the burette with 0.100 M NaOH and
record the volume

Step 2: Wash a 20 mL pipette with distilled water and then fill with the vinegar solution
and allow to run into the conical flask.

Step 3: Add five drops of the indicator phenolphthalein to the conical flask.

Step 4: Titrate the vinegar solution till the endpoint is reached. Record the volume as
shown in diagram (d).

Question 26 continues on page 21

20




Marks
Question 26 (continued)
(a) Unfortunately, the student made a number of mistakes.
State ONE mistake made in:
@  stepl: ..Kusiaa. with. dishtled watec .
) step2: .. fuasiog. with. cishlled . water. 2
(b) The student then correctly repeats the titration three times. The experimental results
for the three titrations are:
Titration Number 1 2 3
: , 43
37
Final Reading (mL) 22.48 22.55 22.43 5o
3 (132
3%
Initial Reading (mL) 0.05 0.05 0:06 ¥
Titre (mL) - 4> | a&-8D &9'3%7
® Calculate the appropriate values of NaOH required for the titration by filling
in the table above, and then calculate the average titre of the titration. 1
ad-4 3
N 2 4t A,
(i) From the titration, determine the number of moles of ethanoic acid in a
20 mL sample of vinegar. 2
~3 -1
nc\—isnool—t Ngoort = 0‘25(-(_[,)((()' L x 0100 md L @
s 22 6P md o O
(iii)  Calculate the concentration of CH;COOH in the 20 mL sample of vinegar

Stadent NO. ..ot

in moles per litre. 2
-2
= ’ X O i
Conins = 224X STl (@
0-020 Lu

= O- |12 mol L.-' @

21
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Question 27 (2 marks)
(a) Identify the products formed when propanoic acid and butanol are refluxed with
acid catalyst. @ @ 1
iy prOpANCORE.... ARG .. OBYET
(b) State ONE advantage of using reflux to prepare the ester. 1
..... The. reactants ondl procucks . voahile... The. reflus conolnses
.Safches Mem. . condenses.. dhem. anel rebums Hem. 4o He. Hask

SO -YL,,;] o not Lo.si:.:“

End of Paper
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CHEMISTRY

DATA SHEET
Avogadro constant, N, e eeereesea e eeesesreenasensenenesesnsmesansennes 6022 X 1073 mol ™!
Yolume of 1 mole 1dea1 gas: at 100 kPa and |
at 0°C (273.15 K) eeeeevnreevenne 271 L
at 25°C (298.15 K) .oceeereecinnenee 2479 L
Tonisation constant for water at 25°C (298.15 K), K, e 1.0x 10714
Specific heat capacity Of WALET .........coeveereereenriereessrereesseseseseans 418 % 10° T kg1 K
Some useful formulae
pH =og,,[H*] AH = -mCAT
Some standard potentials
Kree = RE 294V
Ba?t +2¢” = Ba(y) 291V
Ca®t g 2 = Cals) 287V
Nat+ e~ = Na(s) 271V
Mg?t +2¢” = Mgk) -236V
AP 43¢ = Al 168V
. Mn?* 4 2¢” = Mn(s) -1.18V
H,O +¢” = lHy(g) + OH” -083V
Zo 426" = Zo@ 076V
Fe?* + 2¢” = - Fe(s) 0.4V
Ni%* 4 2e™ = Nis) -0.24V
S 4 2e” = Sn(s) -0.14V
Po?* 4 2~ = Pb(s) -0.13V
B +e = Hy e 0.00V
SO + 4H* +2¢” 50,(ag) + 2H,0 016V
Cu?* £ 2¢” = Cufs) 034V
10,()+H,0+2¢° =  20H" 040V
Cut+e” = Culs) 052V
e +e = I 0.54V
lag) +e” A 0.62V
Fe™ +¢ = R 077V
Agt+ e = Ags) 0.80V
%Br‘z(l) +e” = Br- 1.08V
iBry(ag) +e = B L0V
10,(g) + 28" + 267 = HO0 123V
CL(g) +e- = 136V
0 +TH v 36" = o +IH0 136V
1Cllag) + ¢~ = o 140V
MO, + 8H* + Se” < Ma®+4H,0 151V
= p- 289V

$Fg) +e

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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