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2 CHEMISTRY UNIT 3

Structure of this paper

Number of | Number of Suggested
Section questions | questions to | working time abg?lrakt;e Pi;cee:ati?e
available | be answered (minutes)
Section One:
Multiple-choice 25 25 50 __ 125 /125
Section Two:
Short answer 10 10 60 I £ /35
Section Three:
Extended answer S 5 70 /86 /40
Total %

Instructions to candidates
1. Answer the questions according to the following instructions.

Section One: Answer all questions on the separate Multiple-choice Answer Sheet provided.
For each question shade the box to indicate your answer. Use only a blue or
black pen to shade the boxes. If you make a mistake, place a cross through
that square then shade your new answer. Do not erase or use correction
fluid/tape. Marks will not be deducted for incorrect answers. No marks will be
given if more than one answer is completed for any question.

Sections Two and Three: Write your answers in this Question/Answer Booklet.

2. When calculating numerical answers, show your working or reasoning clearly. Express
numerical answers to the appropriate number of significant figures and include appropriate
units where applicable.

3. You must be careful to confine your responses to the specific questions asked and to follow
any instructions that are specific to a particular question.

4, Spare pages are included at the end of this booklet. They can be used for planning your
responses and/or as additional space if required to continue an answer.
e Planning: If you use the spare pages for planning, indicate this clearly at the top of the
page.
e Continuing an answer: If you need to use the space to continue an answer, indicate in
the original answer space where the answer is continued, i.e. give the page number. Fill
in the number of the question(s) that you are continuing to answer at the top of the page.

5. The Chemistry Data Book is not handed in with your Question/Answer Booklet.

See next page
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Section One: Multiple-choice

This section has 25 questions. Answer all questions on the separate Multiple-choice Answer Sheet

provided. For each question, shade the box to indicate your answer. Use only a blue or black pen
to shade the boxes. If you make a mistake, place a cross through that square then shade your
new answer. Do not erase or use correction fluid/tape. Marks will not be deducted for incorrect
answers. No marks will be given if more than one answer is completed for any question.

Suggested working time: 50 minutes.

1. Increased levels of atmospheric carbon dioxide gas have an indirect effect on marine
organisms who depend on the process of calcification for survival. The following equation
represents one of the many carbon-related equilibria in the ocean.

CaCOs(s) + H20(l) + CO2(g) = Ca*(aq) + 2 HCOs(aq)

Increased levels of atmospheric CO,(g) would not result in

(a)
(b

(d)

an increased concentration of HCOs(aq).
an increased rate of decalcification.

a decreased concentration of COz(aq).

a decreased quantity of CaCOas(s).

2. A 10.00 mL aliquot of KOH(aq) was placed in a flask and 90.00 mL of distilled water was
added. When compared to the original undiluted aliquot, the pH of the diluted solution
would be

(a)

one unit higher.
one unit lower.

(c unchanged.
(d) unable to be determined.
3. In the following list of compounds, how many different oxidation states are displayed by

the element manganese?

KMnQO, MnO; MnCl. Mn20; MnCO3
(a 2
3
C 4
(d) 5
4. Identify the reducing agent in the following chemical equation.

2 HNOx(aq) + 4 H*(aq) + 4 Ag(s) + 2 SO.2(aq) — N2O(g) + 2 Ag2S04(s) + 3 H.0(l)

(a)
(b)
©
(d)

HNO2z(aq)
H*(aq)
Ag(s)
S0s*(aq)

See next page

25% (25 marks)



4 CHEMISTRY UNIT 3

Questions 5, 6 and 7 refer to the equilibrium system below.
Consider the following reversible reaction that has established equilibrium.
CHs(g) + H20(g) = CH3:OH(g) + Ha(g) K. =28x10?%

5. Identify the effect, on both the forward and reverse reaction rates, if the volume of this
system was doubled.

Forward reaction rate Reverse reaction rate
(a increased increased
( decreased decreased
c no change no change
(d) increased decreased
6. Identify the effect, on both the forward and reverse reaction rates, if an appropriate catalyst

was added to this system.

Forward reaction rate Reverse reaction rate
increased increased
h decreased decreased
(c) no change no change
(d) increased decreased
7. The value of K. indicates that
(i) The reaction reaches equilibrium quickly.

(ii) The reaction reaches equilibrium slowly.
(iii) The equilibrium mixture contains predominantly reactants.
(iv)  The equilibrium mixture contains predominantly products.

(a) (i) and (iii) only.
(b) (i) and (iii) only.
(c) (i) and (iv) only.

(iii) only.
8. Which of the following statements is true, under standard conditions?

(a) Acidified permanganate solution is a stronger reducing agent than acidified
dichromate solution.

(b) Sodium metal is a stronger reducing agent than potassium metal.
Lead(ll) ions are a stronger oxidising agent than iron(ll) ions.

(d) Manganese metal is a stronger oxidising agent than chromium metal.

9. Which of the following is not a reaction that takes place at the anode of a cell, during the
electrolytic refining of copper?

(a) Cu(s) » Cu®*(aq) + 2¢
(b) Fe(s) » Fe®*(aq) + 2e"

Au(s) - Au*(aq) + 3 e
(d) Ni(s) — Ni**(aq) + 2 e

See next page



CHEMISTRY UNIT 3 5

Questions 10 and 11 refer to the following diagram.

Consider the galvanic cell in the diagram below.

Half-cell 1 Half-cell 2
Co(s) — — graphite, C(s)
CoCly(ag) — —— Bry(l) / NaBr(aq)

10. Select the option which correctly identifies the direction of electron flow, and the EMF that
would be produced by this cell, when operating under standard conditions.

Electrons flow from half-cell EMF produced
(a 1102 +1.36 V
1t0 2 +0.80 V
(c) 2t0 1 +1.36 V
(d) 2101 +0.80 V
11. The movement of which electrolyte ion is represented by X?

(a) Co?(aq).
(b)  Cl(aq).
(c) Na*(aq).
(@  Braq).

12. Consider the following system which has established equilibrium in a sealed flask.
CaO(s) + SOzx(g) = CaSO0s3(s) + heat
The position of equilibrium would not be disturbed if
(a) the flask was opened.
(b) the temperature was increased.

some CaO(s) was added.
(d) some SO»(g) was removed.

See next page



6 CHEMISTRY UNIT 3

Questions 13, 14 and 15 refer to the titrations described below.

Consider the information provided in the diagrams below, regarding the set-up of two different
titrations, A and B.

Titration A Titration B

< NHs(aq) CH3COOH(aq)

HNOs(aq)
«—— 20.00mL «—— NaOH(aq)
 EEaE 03375 mol L __ s

13. In Titration A, the

a) nitric acid is the primary standard.
({(b))  nitric acid is the standard solution.
(c) pH of the solution in the conical flask will decrease as the titration proceeds.
(d) end point occurs when an equal number of moles of NHz(aq) and HNOs(aq) have

reacted.
14. In Titration B, which of the following correctly identifies an error, along with its correct
classification as random or systematic?
Error Random or systematic

(a) Rinsing the pipette with distilled water .

prior to titration. systematic
(b) Rinsing the conical flask with distilled ,

water prior to titration. systematic
(c) Rinsing the burette with distilled water q

prior to titration. random
(d) Washing down the sides of the conical

flask with distilled water during the random

titration.

See next page
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The indicator bromophenol blue has an end point between 3.0 — 4.6. The acidic and basic forms of
bromophenol blue, along with their corresponding colours, are shown below.

Br Br Br Br
0\ N OH o] o]
Br Br Br A Br
SOy SOy
yellow blue
15. Identify for which titration this indicator would be suitable, as well as the associated

colour change that would be observed during the titration.

Titration Colour change

A yellow to blue
D

A blue to yellow
(c) B yellow to blue
(d) B blue to yellow

16. A sample of distilled water was held in a sealed flask, where the temperature was
maintained at 25 °C. Over time, an equilibrium was established between liquid water and
water vapour.

H:O(l) = H20(g)

A small aliquot of tritiated liquid water was then injected into the flask. Tritiated water is a
radioactive form of water. The addition of the tritiated water did not cause a shift in the
equilibrium position.

The flask was then left for one (1) hour, where the temperature continued to be maintained
at 25 °C.

Identify any change in the rate of evaporation, and the level of radioactivity in the water
vapour, after 1 hour.

Rate of evaporation Radioactivity level in H2O(g)
(a) increased increased
(b) increased unchanged
@ unchanged increased
) unchanged unchanged

See next page
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Questions 17 and 18 refer to the following information.

Consider the conjugate acid-base pairs, of which some have been incorrectly classified, listed
below.

Acid Conjugate base
(i) COs* HCOs
(ii) H20 OH-
iii) NH3 NH4*
(iv) HCI Cr
(v) HSO, {0y
17. In which of these pairs, have the acid and conjugate base species been correctly

classified?
(a) (i) and (iii) only.
(b) (ii) and (v) only.
(c) (i), (iii) and (v) only.
@ (i), (iv) and (v) only.
18. Which of these pairs, when dissolved in aqueous solution, would form a buffer?
(a) (i), (i) and (iv) only.
@ (i), (iii) and (v) only.
(c (i), (iv) and (v) only.
(d) All of (i), (ii), (iii), (iv) and (v).
19. Which of the following statements regarding primary and secondary cells is correct?
Both primary and secondary cells
(i involve a redox reaction.

(ii) involve a spontaneous redox reaction.
(iii) involve a non-spontaneous redox reaction.

(a) (i) only.
@ (i) and (ii) only.
c (i) and (iii) only.
(d All of (i), (ii) and (iii).
20. A few drops of K:COs(aq) were added to a beaker containing distilled water, at 25 °C.
Which of the following statements regarding the resulting solution is not correct?
(a) The [OH] would be greater than 1.0 x 107 mol L.
(b) The [H30*] would be less than 1.0 x 107 mol L.

@ The value of K,, would be greater than 1.0 x 1074,
The pH would be greater than 7.

See next page
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Questions 21, 22 and 23 refer to the following information.

Propane-oxygen fuel cells have shown promise as a fiexible power option, due to their
dependability and low maintenance requirements.

The equation for the chemical reaction occurring in this fuel cell is identical to that for the
combustion of propane. The unbalanced equation is shown below.

_ GsHg(g) + ___02Ag) » ___ CO2A(g) + ___ H20(g)

21. When correctly balanced, the coefficients would be;
(a) 1, 4, 3, 2
1, 5 3, 4
(c) 2,9 6,6
(d) 2, 10, 6, 4

22. For this fuel cell to operate correctly, propane needs to

(a) enter at the cathode.
(b) undergo reduction.
(c) be ignited.
be continuously fed into the cell.

One current use of propane-oxygen fuel cells is for the cathodic protection of liquid and gas
pipelines. The fuel cell provides the external voltage required for the cathodic protection process.
23. When implementing cathodic protection, the pipeline should
(a))  be the cathode.
D) be connected to the cathode of the fuel cell.

(c) be coated with a more reactive cathode.
(d) be connected to a more reactive cathode.

See next page
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Questions 24 and 25 refer to the following equilibrium system.

The following reaction had established equilibrium.

2NO(g) + 02Ag) = 2NOg)

colourless colourless  brown

The volume of the system was then decreased, and equilibrium was allowed to re-establish.

24, When compared to the original equilibrium, identify which gases would have a higher
concentration at the new equilibrium.

(a) NO2(g) only.
(b) NO(g) and Ox(g) only.
(c) NO(g) and NO(g) only.
All of NO(g), O2(g) and NOx(g).

25. Which of the following statements is true, for the new equilibrium?
(a) The colour of the equilibrium mixture would be the same as the original equilibrium.
(b) The total pressure within the system would be the same as the original equilibrium.
The value of K. would be the same as the original equilibrium.

The rate of the forward and reverse reactions would be the same as the original
equilibrium.

End of Section One

See next page



CHEMISTRY UNIT 3 11

Section Two: Short answer 35% (73 marks)

This section has ten (10) questions. Answer all questions. Write your answers in the spaces
provided.

Supplementary pages for planning/continuing your answers to questions are provided at the end of
this Question/Answer booklet. If you use these pages to continue an answer, indicate at the
original answer where the answer is continued, i.e. give the page number.

Suggested working time: 60 minutes.

Question 26 (6 marks)

Write a balanced ionic equation for any reactions occurring between the following substances and
state any observations that would be noted as the reaction takes place.

(a) Excess 1 mol L™ nitric acid is poured into a beaker containing chromium(lil) carbonate
powder. (3 marks)

Equation - n . 34
Cﬁ<(®3£ 6H(wo = 2l @ 3¢ 1 30,

- Corred\ Spec?ej ( ‘ Y’\Of"( | = (.‘orrec"" [/‘ﬂla"Cl"B

Observations

A acen ponde- i< 0dded Yo o cdeuless  sddion
G’d 4 &'Ssbdﬁ/de“w yn Mass _”'\P So{ 4'0/7 \LUI’M
T\J—QQG dn& A (o\ourlﬁsj chour{esx j)cd“ AS iof’a:gv(ﬁl‘

(b) Bromine water is mixed with a solution of 0.1 mol L' potassium iodide, and shaken.
(3 marks)

Equation

grl () * 11@@ = ZQ/E@ +Iz (@)
[Tk

Observations
U""‘*’k] - An Orq“ﬁ? c(lv\kl\or\ 15 added ‘)‘b a (D\Du/]?JS Sb‘\)‘hon
(o]~ ard o Lo sdudien 35 produied

See next page



12 CHEMISTRY UNIT 3

Question 27 (8 marks)

Consider the following data regarding three (3) different chemical reactions.

Reaction A Reaction B Reaction C
Ke 5.22 x 107 1.45 x 10* 213 x 103
Ea(forward) (kJ mol™) 137 13 17
Es(reverse) (kJ mol™) 133 142 23
AH (kJ mol™) +4 -129 -6
(a) Identify and justify which reaction is most likely to be reversible. (2 marks)

Mkl - RQOATOA C
U morck | ~ 1+ Las ‘“':Q SM\\es\' Ea {;r Uo‘“n "}Le —{ﬁofwa’,g_

[

and  SeUerSE \fQClC\Ll\OAS'

(b) Draw an energy profile diagram for Reaction A. Label the axes, reactants and products.

(5 marks)
150 | maork
140 AN
130 // \\ X ans bl
120
110 / \ | merk
100 \ :
E Py 90 A anis \a\\,a
~ 1~ 80 /
(X3 wel ) 70 }{ \\ \ worls
gg ] \ : Revctants gl Pm&«h
o - | (1o
10 | L—-“-ci Carct
L i [ rrork
Renchion Pmscess Corvect Ea wolves
(c) If a catalyst was added to Reaction A, which of the following pieces of data would be

affected? Circle any appropriate respo (need [,oﬂb (1 mark)
Ke E.(forward) AH

See next page
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Question 28 (6 marks)

Calculate the pH of the following.

(a) A 10.00 mL aliquot of 0.05119 mol L' NaOH(aq) was transferred to a 250.0 mL volumetric
flask, and made up to the mark with distilled water. The flask was stoppered and inverted

several times. (4 marks)
n (”ao\b =V [H*] = loug’!
= 0.05M1, O.0) 2 0461072
= S.H"\x(O‘L‘ﬁ\O) “mkl = 48838\_10"‘2 ) "\Wk
c(Nah)= . = S.ixp™ oP= ~loa G223~ 107""
e - — < ' =
Y 0.25 = 03N ek
_ 3 - e
= 200610 mL
|\ work

(b) A sample of distilled water is heated to 75 °C. The value of K, is 1.955 x 10'? at this
temperature. (2 marks)

(W) = /).455.1077

= a5 07 wdls [Twok)

JH = 403 ¢ €215, 107
=~ £.35kk 11 mark

See next page
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Question 29

(6 marks)

When phosphorus trihydride gas is bubbled through chlorous acid, HClO2(aq), this forms solid
phosphorus, P(s), in a solution of hydrochloric acid.

Write balanced oxidation and reduction half-equations, as well as the overall redox equation,
representing this reaction.

oK

2

Oxidation
half-equation

PHS(S — PC% + %H-" + 3€\

; Reduction

half-equation

+ - -

@ Overall

equation

L\‘ PH;(@* JHCLO, () - L‘chc) * g"%.i) N 3(‘1’\&6@ B GHL(%J

See next page
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Question 30 (8 marks)

A chemical reaction was allowed to establish equilibrium according to the equation below.
OCl(aq) + H20(l) = HOCl(aq) + OH<(aq)

(a) Write the equilibrium constant expression for this reaction. (2 marks)

Al
K = F_EOC 1:1 -

(b) Consider the effect of the following imposed changes on this system, once equilibrium was
allowed to re-establish.

Complete the table, by stating the effect of each change on the;
s rate of forward reaction

¢ position of equilibrium, and

o final pH of the mixture.

Consider each change in isolation. (6 marks)
Rate of forward Position of Final pH
reaction equilibrium of mixture
(state ‘increased’, (state ‘shift left’, (state ‘increased’,
‘decreased’ or ‘shift right’ or ‘decreased’ or
‘no change’) ‘no change’) ‘no change’)
Several dro_E)s of | ) nc&aS?& Q\\g’ﬁ‘ ) ﬂ(@f@A
2mol L
NaOCl(aq) was
added. | mo-k | mork | work
N Oec.easod
A 50 mL aliquot Deckased "f)w ec
of distilled water
was added. | marke , m’k ‘ ma/k

See next page
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Question 31 (9 marks)

One of the chemicals used in the process of leather tanning is sodium formate, NaHCOO. It acts
as a pH regulator and a preservative.

Sodium formate is added to the tanning solution, where the crystals dissolve and react with the
sulfuric acid present from previous steps. This neutralises the sulfuric acid, whilst producing formic
acid.

H2S04(aq) + 2 NaHCOO(s) —» 2 HCOOH(aq) + Na:S04(aq)
sodium formate formic acid

The aim is to add excess sodium formate to the tanning solution, so that all the sulfuric acid is
neutralised, and the remaining sodium formate forms a buffer solution with the newly produced

formic acid.

Consider a 285 L batch of tanning solution containing 0.135 mol L' H.SQ4(aq). The leathermakers
wish to produce a final solution containing an equal number of moles of formic acid and sodium

formate.

(a) Calculate the mass of sodium formate that should be dissolved in the tanning solution.

Assume no change in final volume. (4 marks)
v (HLSO‘\B = (\/ m(qu(OOBS 'ny/v)
= 004285 = 1S3.9. 68.008
= gg*“ﬂsf’f\o) )) mwk f = 10466
) k]

‘9 NG\H(DOD = b n(HzSOb
rwl'ma\ = \Sg.a‘ma)

I 2 morks]

/ (1 meck £ o

><7_5L <

nesd, Lxn ( HLSOLB J
i\l,en qw‘Hﬁf
2» 2} CHLSOLD

Ly €nsueR  wea \NVQ

ennga ey WLD N‘fﬂr\n
"iQ n(H(Od-D

See next page
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(b) Write the chemical equation for the buffer system that would be formed in the tanning
solution. (2 marks)

Hlooh + WO <5 H(oo™ t Mot [lmak J—&iubs,
OR 1\ vfb’k] ~ Dou\r‘f

i = < -
Mool + OR S Nooo™ « H,0o A Frows
(c) If the amount of sodium formate added was greater than that calculated in part (a), explain
the effect this would have on the buffering capacity of the tanning solution. Include a
definition of buffering capacity in your answer. (3 marks)

\Mk.\ g\n(krlrv\ (OPCP( %‘-\ PR ‘uﬁe @(Jf'f\'\l‘ ‘Ln oW g (N)L{f’
can Mamt,/\ %Q \ cr( o sd \Lnn when _small aM-'l)lI
0-( an acd o [/wQ arR GMFJ
zm - [—f wor®  Sedium ‘él'f\ﬂ}f oy addol e odd e
on Irceosed CO,\(p,TH»\n gﬁ the Cemwmﬁte Lo
[T rod] = Ths vold dncee dbe olill of Tbr Loffe £

N D\‘\ C\"OMJR w\\e/\ an q(.g\ [IN771) «cM?A

See next page
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Question 32 (8 marks)

Consider the galvanic cells below, both of which involve a Cu(s)/Cu?*(aq) half-cell, connected to a
half-cell of unknown identity.

Half-cells X and Y are identical in appearance, consisting of a silver-coloured electrode submerged
in a colourless electrolyte solution.

When a voltmeter was connected, both galvanic cells produced a similar reading of approximately
0.45V.

The only difference noted, was the change in appearance of the Cu(s)/Cu?*(aq) half-cell. These
observations are noted below each cell diagram.

You may assume both cells were constructed under standard conditions.

fv\
U Half-cell

X

Observations for Cu(s)/Cu?*(aq) half-cell:
The electrode increased in size and the blue solution became paler as the cell operated.

)
U Half-cell

Y
Cu(s) J%}I‘In
g
Cu?(aq) l; 1>

Observations for Cu(s)/Cu?*(aq) half-cell:
The electrode decreased in size and the blue solution became darker as the cell operated.

See next page
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(a) Complete the following table for half-cells X and Y. (6 marks)
Half-cell X Half-cell Y
24
Identity of P‘P / P\,»
half-cell bR A\B / Af;
2 marks 24
( ) Sn / Sn \ work | mork,
Designation
of electrode
(‘anode’ or CO\'HAO
‘cathode’) Ano&{ | H\ka &e
(1 mark)
Polarity of
electrode
(‘positive’ or . Y : SN v
‘negative’) Meyl,., e Mrk PO IRVA'¢
(1 mark)
Half-equation > A -
for reaction P\N“) i) 12 €
occurring at 4 fo=
electrode OR | arark AS @ "¢ 7 %(s)
emats) | Sney B Sl c e [ wode
—
(b) Explain why galvanic cells must utilise a spontaneous redox reaction. (2 marks)

[Tk ~ Galwanc cells  conved  cLemia) enem Wnbo lecicd
o

enem.  OR  Culuanc cels ae defuned fo prdee e'ehL‘c‘,L)

>, . I :

W Thy rfauu-fpr A \Lfﬂ\w‘w{e d]]c Q’QC'{VO"E ’/Bl'ueeo ‘N’f
Q(Qc‘{malec

See next page
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Question 33 (7 marks)

A student was investigating the rate of reaction between zinc metal and hydrochloric acid.

Zn(s) + 2HCl(aq) —» ZnClx(aq) + Hx(g)

The student performed three (3) different tests, which are summarised below.

Test 1 20 g of Zn(s) was ground into small pieces, and was then
s mixed with 50 mL of 0.2 mol L' HCl(aq)

Test 2 20 g of Zn(s) in large chunks, was mixed with
s 50 mL of 0.2 mol L' HCl(aq)

Test 3 20 g of Zn(s) was ground into small pieces, and was then
S mixed with 50 mL of 0.1 mol L™ HCl(aq)

In each test, the zinc was present in excess.

The data collected by the student involved monitoring the mass of the beaker upon mixing of the
reactants. The results of the 3 tests are displayed on the graph below.

Mass of beaker (g)

A 4

Time (s)

See next page
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Consider the curve labelled Test 1.

(a) Explain, in terms of collision theory, what information the shape of this curve provides,
regarding the rate of reaction. (4 marks)

[@ - The rek crlF reaclon  dCCeases over 4img,

- -T)"'S 1S due "*o A C5L€E£a)€ ]\ﬁ %«G (on(?rﬂlrm%on
H(\/ (V"!OR S»PGCQ LQLNQQA ﬁadﬂn’?} M:L'Q\

“mwk\‘ \,JL.‘C\V\ cl?creasm ‘“o? "{C‘QG"UGMD E"-ip (sﬂtn‘aAS.

Uookl = Uhen e KL cuns od e rode of e,
L'QCome_(; 28ro /*Le reac{‘\o/\ é‘obS (rr\(‘}'\mw [A-\ "’“Lt.’
{LJ\ mﬁ o\c e CJJ\NQ\

(b) On the graph above, iabel the other curves to indicate which represents Test 2 and which

represents Test3. ,,...... Tes+ 2 (1 mark)
) ok
- — — Tet?3
(c) Justify the choices you made in part (b). (2 marks)

'\V‘Wk‘ - T€S‘|‘ 2 )r\as ‘)lje Sam@ Y\W\/\‘rer b]( W\b’ﬂ‘ of
rtac‘Lant- Lo W ” e»\c} uj) B ‘I\Le Sam$ qmom'i*
615 pm&cg (a'\c}\ ‘LLerﬁ(w e Same 1( Mass ag ey !>_

—

\mwk\ Tl 2 A ‘kwqr mol<s o-( H(L go wi ) p*od
,?SS pmc’uc)l; (‘D»Qr?*ﬂ-;.«e o.(w\u“Qf (‘La'\qk " \[,rq’ M(LU\

See next page
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Question 34 (8 marks)

Cans that are used for storing food are made by electroplating a thin layer of tin onto iron. Once
the food has been emptied and the cans have been disposed of, the tin coating is recovered during

recycling.

The diagram below illustrates the electrolytic processes involved in recovering the tin from used
food cans.

power
source

recycled < P recovered

can i ) tin
L AR
Sn(s) + 2 H.0(l) —» HSnOz(aq) + 3H'(aq) + 3 e
HSnO.(aq) + 3H'(agq)+ 3 e - 8Sn(s) + 2 H20(L)
(a) Briefly define an electrolytic cell. (2 marks)

@—f A CQH -'JwJ‘ wfes anm e»lema) }Oo‘.!e/' Sopurce
OR A~ cell n‘w\“ Covwer“b’ Q'Ec{n\cm\ emﬁj :\n'{\: Clnem/"m’ €Ny .,

i

~ Qi\) “‘{)Cor(.\l\i\) a f\o/\*S?u/\’LaMEOuJ rodox I'QQ('L}uO o olCyr

(b) Demonstrate, using oxidation numbers to support your answer, that the recycled can is the
anode in this cell. (2 marks)
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The tin layer prevents the food from coming into contact with the iron, thus preventing its corrosion.

(c) Briefly define corrosion, in the context of iron metal. (2 marks)

‘\ Wkl - H‘ S '“')Q OXTAU’hor\ tr{~ » Fov

@(k‘ - d\J\Q '\b a r‘lﬂ\(ﬁl}gr\ V"H') @\-BSQ’\ QM‘)\ \,Jo\*f

(d) Justify whether the tin coating has the ability to act as a sacrificial anode. (2 marks)
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Question 35 (7 marks)

Sodium hydrogenphosphate, Na;HPO, is a soluble iocnic compound. When dissolved in water, it
dissociates into its component ions.

(a) Identify which ion does not affect the pH of the resulting solution. (1 mark)
1 +

The other ion has the ability to undergo two (2) different hydrolysis reactions.

(b) Write balanced chemical equations showing both possible hydrolysis reactions. (3 marks)

1| Heo, * MO S Hieo « ON [Tk

2 POy A Mo S RT wkpot [I mek

]!mwk b - @o‘\’l’\ e':’/ua\l}bf\_i u."Hv Ao“\ﬁ\‘? arrows

Sodium fluoride, NaF, is another soluble ionic compound. The pH of NaF(aq) and Na;HPQ4(aq)
solutions are very similar.

(c) State whether the solution of Na:HPO4(aq) is acidic, basic or neutral, and explain what
information this provides regarding the equations in part (b). (3 marks)

@':\‘ Basic

U,MO/KW— .TL\‘Q l\—:\—}af‘blt}.ﬁj ?quua{.\on ff‘&:‘vdr; OH‘ O CCurs +‘D
A c‘t)r@w}?r Qs(“enjf

\ mﬁrk‘ ~Th's mean -H;ajr EO"F) 2 [—HJO"]

End of Section Two
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Section Three: Extended answer 40% (86 marks)

This section contains five (5) questions. You must answer all questions. Write your answers in the
spaces provided below.

Where questions require an explanation and/or description, marks are awarded for the relevant
chemical content and also for coherence and clarity of expression. Lists or dot points are unlikely
to gain full marks.

Final answers to calculations should be expressed to the appropriate number of significant figures.
Supplementary pages for planning/continuing your answers to questions are provided at the end of
this Question/Answer booklet. If you use these pages to continue an answer, indicate at the

original answer where the answer is continued, i.e. give the page number.

Suggested working time: 70 minutes.

Question 36 (15 marks)
Sulfuric (H2S0.) and sulfurous (H2S0s) acids are closely related in terms of their chemical
composition, however they display different chemical properties and consequently have very
different uses.

Both acids are polyprotic, and the acidity constants for each are provided in the table below.

H.SO4 H.SOs3
Kan 1.0 x 10® 1.4x 1072
Kaz 1.2 x 107 1.0x 107
(a) Define the term polyprotic. (1 mark)

- Ca{me o'f Olcr\a‘hr\c\ Mo “\‘L)cm 0N lpxu%n oR

Con‘*u:rs mor Han 018 Tor Saing \wﬁéro-\\)en F)Pr W‘bb(v\()

(b) Define the term ‘acidity constant’ and state what information the value of an acidity constant
provides about the strength of an acid. (2 marks)
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Compare 1 mol L solutions of H;SO4(aq) and H.SOs(aq).

(c) State which solution would have the higher pH. Include a definition of pH, and use the K,
data provided, to justify your answer. (4 marks)

| mack| - N, 504

L_"“"‘EL‘ E’H 1€ 0 Yn@oSurk O'E )‘ﬁfﬁem?m (0’\(94'{/17\"";\015
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(d) Define an acid, according to the Arrhenius theory. Write successive ionisation equations
showing sulfuric acid behaving as an Arrhenius acid. (4 marks)

- A{ich S Se ‘1‘0 r/'odch' oM faag 0 Sodton a((c/d;‘w) &} Arrl\em{,,f
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(e) Define an acid, according to the Bronsted-Lowry theory. Write successive ionisation
equations showing sulfurous acid behaving as a Bronsted-Lowry acid in aqueous solution.

(4 marks)
@ - Adds gee p’ULo’\ Jor\ofs O\C(ordm\ }\o Rroaghd LOW’V\
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Question 37 (16 marks)
A chemistry student was investigating the following equilibrium.

Ni**(aq) + 20OH(aq) = Ni(OH)(s)
To produce this equilibrium system, they first placed 125 mL of 0.10 mol L™! Ni(NOzs)2(aq) into a

beaker. To this, 10 drops of 7.5 mol L' NaOH(aq) was added. The mixture was then left until
equilibrium had established.

(a) Describe the observations that would have been noted as equilibrium was established.

(2 marks)
\Mo/k"‘ A areon sdhd  Lyms
[ves] = A Green  solobton shib 4o fode

The student wanted to produce a concentration graph on the grid below, showing the changes that
occurred as equilibrium was being established.

However, in order to do this, they needed to complete the table below.

Ni?*(aq) OH(aq)
Initial concentration (mol L) 0.10 0.63
Equilibrium concentration (mol L") O. o9 6.0)
F 3
0.10 —fas
R N

—~ 0.08

_

©

E

= 0.06

ko)

8

g 004

c

(o]

Q

0.02 S~ -
_‘-—-—""‘—"‘f‘_‘-— P
0 =
0 E1 Time
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(b) Calculate the initial concentration of OH(aq) that would have been present instantaneously
in the reaction mixture (i.e. before any reaction has taken place), upon addition of the 10

drops of NaOH(aq) to the beaker. (3 marks)
You may assume;
e The volume of 1 drop = 0.05 mL.
e The final volume of the mixture remained 125 mL. 3
V()= 0.08x [0.5* | < (ao)= n_= 3507
= So.pgtl m Vv oS
= O0-03 ~\ L

N (UaOH)?- vV | [l wark]

2 25, So-0*
= 373 :«‘O‘s I’\o’ ‘

!) mork|
Once equilibrium had been established, the student took the equilibrium mixture and poured it
through a funnel lined with filter paper. The Ni(OH)(s) residue was washed, dried, and found to
have a mass of 0.1159 g. The filtrate contained the remaining aqueous equilibrium mixture.

(c) Calculate the final concentrations of Ni**(aq) and OH(aq) that would have been present in
this equilibrium mixture. (7 marks)
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The student thought, that by filtering and removing the Ni(OH)(s), this would have caused a shift
in the equilibrium position. However, they observed no evidence of this.

(d) Justify this observation. (1 mark)
“”‘wk( = CL\mi\Euq ‘naq amoon“)\ o)[( a SD\TO\ Laj No

QIQQ on pau‘.\\u\/‘tuh\ .poS'}‘L‘oA .
L9 ) V 1

(e) Transfer your calculated values into the table and use this data to draw a corresponding
concentration graph on the grid provided (both table and grid are on page 28). Your graph
should show the change in concentration of Ni?*(aq) and OH(aq) from Time O until
equilibrium is established at Time E1. Continue your curves past Time E1. (3 marks)

(If you were unable to complete the calculations, use your knowledge of equilibrium to
sketch a possible representation of this scenario.)

| ek - Corcech SLAQQ (usb coreo vu\wer}
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Question 38 (12 marks)
A chemistry student was given four (4) unlabelled beakers, each containing a colourless solution.

They were told that the identities of the solutions were;

e 0.1 mol L' Sn(NQOs)(aq)
e 0.1 mol L' Zn(NO3)x(aq)
e 0.1 mol L' AgNOs(aq)

e 0.1 mol L' Cd(NOs)2(aq)

The student’s task was to label each beaker with its identity.

In order to do this, the student was provided with;

e testtubes

* ajar containing small pieces of copper, Cu(s)
e g jar containing small pieces of iron, Fe(s)

e ajar containing small pieces of nickel, Ni(s)

e a Data Bookiet

Describe how the student could identify each of the solutions in the beakers, using a sequence of
chemical tests. Relevant observations and ionic equations should be included for each step.

The first step carried out by the student is given, and your answer should be continued below.

ole - ‘TL,@ a uH.] S Lb o Ns\uer '\‘\»2 uzs\,on '\'Ld')‘ (oo\(}\
hole A mae b o) e o Le\ow

Samples of the 4 solutions were placed into separate test tubes, and a

piece of cu(s) was added into each.
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Question 39 (29 marks)

Barium hydroxide solution, Ba(OH)2(aq), is also known as ‘baryta water'. It is used primarily in
analytical chemistry, but also for certain organic synthesis processes.

A chemist wanted to use a sample of ‘baryta water’ to analyse the CO,(g) content of air. However,
the concentration of Ba(OH)2(aq) had to first be determined by titration.

The ‘baryta water’ was titrated against a standard solution of potassium hydrogenphthalate,
KHCgH4O4(aq). Potassium hydrogenphthalate is a weak, monoprotic acid, which is commonly used
as a primary standard.

(a) Briefly describe why each of the following are important characteristics of a primary
standard. (2 marks)

- /"\‘m‘vm"ses L-JQ‘.%QB ercorg /
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A standard 0.1282 mol L'' KHCsH.04(aq) solution was made by dissolving KHCgH4O4(s) in distilled
water, and making it up to 500.0 mL in a volumetric flask.

(b) Calculate the mass of KHCsH4O4(s) that was dissolved to prepare a 500.0 mL solution of

the primary standard. (3 marks)
n(kRG RO D= ¢V = 0128%0 5
= O.064) N‘O) ) mark
—————
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A 20.00 mL sample of ‘baryta water’ was diluted to 100.0 mL in a volumetric flask. The diluted
solution was then used to fill a burette. A few drops of phenolphthalein were added to a conical
flask containing 15.00 mL of 0.1282 mol L' KHCsH4O4(aq). After several trials, the chemist
determined an average titre of 18.38 mL.

The chemical equation for the titration reaction is as follows;
HCgH.O4(aq) + OH(aq) — C8H4O42'(aq) + H20(|.)

(c) Explain why phenolphthalein is a suitable indicator for this titration. Support your answer
with a relevant chemical equation. (4 marks)
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(d) Calculate the concentration of the undiluted ‘baryta water’. State your answer to the
appropriate number of significant figures. , (7 marks)
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Once the ‘baryta water’ was standardised, the chemist was able to carry out their analysis to
determine the concentration of CO»(g) in a sample of air.

When CO»(g) comes into contact with ‘baryta water’ a film of white barium carbonate powder, as
well as water, forms.

(e) Write a balanced ionic equation for this reaction, including state symbols. (3 marks)

(Oz(g + @:‘@1} + 20“\.@% — BG\CO:;, ) + HLOO')

Mo (' . A 11 D\ l \ | ] =1 1 L
Speass (] oS\ = E:u\q,\(b [ M&l ~ Sttt b\sm\,fbi\j
The chemist had a 1.00 L sample of air contained in a sealed gas cylinder with an inlet valve. A

sample of ‘baryta water’ was injected through the valve. The gas cylinder was gently swirled, and
enough time was allowed for any reaction to complete.

(" If the global average concentration of atmospheric CO2(g) is 421 ppm, calculate the mass
of barium carbonate powder that should form in the ‘baryta water’. (6 marks)

You may assume;

e The ‘baryta water’ is in excess.
e All the COy(g) reacts.

e The density of airis 1.225 g L.
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(9) Justify, without the use of chemical equations, the effect of increased atmospheric CO2(g)
concentration on the pH of Earth’s oceans. (4 marks)
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Question 40 (14 marks)

Consider the following reversible system, that has been allowed to establish equilibrium.

2 NO(g) + Clx(g) = 2 NOCl(g)
colourless  greenish-yellow yellow

A change was imposed on this system at Time T1. The subsequent effects of this change are
illustrated by both the rate and concentration graphs below.

forward
reverse

Reaction rate

v

E1 T E2 Time
F' 3
= Clz(g)
o
=
(0]
2 | Nog)
g
g NOCL(g)
o
T
(1]
o
| I >
E1 T1 E2 Time

Between Time E1 and Time T1, the system was in equilibrium.

(a) Describe the information provided by each of the graphs above, which supports the
assertion that the system was in equilibrium. (2 marks)
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At Time T1, a change was imposed on the system.

(b) Describe the change in appearance of the system between Time T1 and Time E2.
(1 mark)
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L:\JQ“OW .

(c) Identify the change imposed on the system at Time T1. Explain your answer, using
evidence from the graphs above, and referring to collision theory. (5 marks)
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(d) Identify the sign of the enthalpy change for the forward reaction. Justify your answer, using
evidence from the graphs above, and referring to Le Chatelier’s principle. (4 marks)
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(e) Compare the values of K. at Time E1 and Time E2. Justify your answer. (2 marks)
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