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QUESTION ONE

Tiwai Point in the South Island of New Zealand extracts large amounts of aluminium sourced from
an ore called bauxite, which contains the zrﬂneral_‘?,_lwumgg_immg(ll;l)g&q de, Al,O,. One step of the main
extraction process is as follows: ' o

 ALO,(s) + 2NaOH(ag) — 2NaAIO,(aq) + H,0(0)

The graph below shows the mass of aluminium(IIT) oxide, Al,O,, as it reacts with 0.5 mol L~! NaOH.

Section A' Section B

If you need
to redraw your
response, use the
graph on page 11.

Mass of aluminium(l1I) oxide ALO, (g)

" Time(s)

(a) (i) Add asecond line to the graph to predict the rate of decline in mass of aluminium(III)
oxide if 2 mol L~! NaOH were used in the reaction instead.

Assume both reactions started with the same mass of ore.

(ii) With reference to the line you have drawn, explain the effect that this change in

concentration of NaOH from 0.5 mol L' to 2 mol L~! would have on the rate of this
reaction. e

In your answer you should include reference to:
+  mass of ALLO,
. each section of the line

. collision theory.
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(b) For the 0.5 mol L~! NaOH solution, calculate:
(i)  the hydronium ion, H;O", concentration

heotl = ettt o
[H0"] = e A
0-5

(ii) the pH. 0
LA,010 = 2X0  port”
PUH= ~loglanel) = 3.7
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(c)

4

Using the principles of collision and part;cle theories, explain why using a catalyst would help to
_increase the rate of production ¢ of sodium aluminiu aluminium salt (NaAlO,).
e

You should include an energy proﬁle diagram to support your answer.
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QUESTION TWO

Superphosphate fertiliser is manufactured in New Zealand using phosphorite rocks and sulfuric
acid. The sulfuric acid is often produced on site, and includes a reaction involving oxygen, O,(g),
sulfur dioxide, SO,(g), and sulfur trioxide, SO,(g), which is represented by the equilibrium constant
expression below:

2
x. 0l K, =32.7at25°C

" [s0,]T0,]
(a) (i) Give the equation for this reaction.

2SO0t 0 o 0

) £ 30

(ii) The reaction is set up and allowed to reach equilibrium.
% Calculate the concentration of oxygen, O,, at equilibrium if the concentration of sulfur
dioxide, SO,, is 0.17 mol L™ and sulfur trioxide, SO, is 0.50 mol L.
2 - — : -
Oty SpE [0 ]m 02
(i)’ X x
L0567 -~ N 2%
o)
(b) The reaction is set up differently, with concentrations of each component as indicated below.
[SO,] = 0.530 mol L-!
[0,]=0.710 mol L-!
[SO,] = 0.620 mol L-!
(i) Using a calculation, explain why this reaction is not at equilibrium.
2
t0.600) - 43
s 2
(0-530)' X (6. 31D)
As the Ko ot these ntentictong de not  taund
g.z..‘?./ 1({/\(- Sf]féty"\. f.g /Jt)'ﬁ /h %r’“é’ﬁhw.
(i) Explain what must occur for equilibrium to be established.
kL = Produetc e &€ Ki Wi j¢ baieny N7

R‘L’C.(;Gcnﬁf !
secnS dhree 8 pore Ereglendc Ao froaiets, {0 1Stebh §l
TQutifiwm the S48um Lun p1e to  Invrcse LSO;]
hid sitera dhe [0 200 L0 g e
{Ofwwoﬂ Rrathon fede i§ daal <9 il 6l
px‘CU'trS'L Reatdion Rotr.
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(c) Sulfuric acid, H,SO,, can be manufactured using the following reaction:
SO,4(g) + H,0(g) = H,80,(g)
(i)  Using equilibrium principles, identify, then describe, the effect on the position of the
equilibrium when:
. water vapour, H,0(g). is added to the reaction mixture
Circle yowr-chajce;

Forward is favoured No Change Reverse is favoured

When H‘)OL?) 1t gedemot o He Sjg{m, TGinils bt ner
it SLith to fevowr tht forivecdt  rrechion to Minisgst
flx tbenge in (HOT by Prosusing moeq  fronecis.
7Lf$ Dranl ore ngoﬂ (&) Ll L—c f(op(m!;zqf_ 1o
(e e Ioticere CH0].

. sodium hydroxide, NaOH(agq), is added to the reaction mixture.

Circle your choice:
CEorward is fam@ No Change Reverse is favoured

NeOH  (ontcins OH iom/f. fo by coding 1 fo fle
Sl floe Syslorm, bomes Gt hesic . To tounter
this intrese in PH kve, {le S4CHrpm Lol Prosius pem
ot ae Ha0, coaen: B0 iwnt ULk b foieb
fhe e in PN Tl qmibbi. Ln Shd fo Luse
fouurats  Recchon 1o frodige merm  [H2604 12

Pipice A L(«\cmfrt m FH /«Cvob_mzoufn?
<quitibiunm  fo bt Re-1SHablslpe
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(i)

7
This reaction can be performed under high pressure.

Explain why this is beneficial to the manufacturing process.

T Prrllier IS wnlrcctred On o S50, ia
dh.'fv'ﬁf:m, e Pitiwen ik ith 10 fouovr Sl
Gicte Lith 4lit fewest numbee of YeSoul  moics

fo mininite He B bepon m pressure. A tae  Rtetlests
Ocdt bas e folel OF 2 G moies  cuwt Hi
procuets Leve ¢ folar 04 1 9eloud  mote, Tquibbiwn
Lin Shifh 4o frvonr the forterdt fredion o Prodince
hore m lL ’1504. Tlavs 16 [)1&?\1{;6:'0! m_ Manutedwivg
0f Dy & H ptanS mort produits (en bt
Frecited llspmbls it Wng Al (ere tmownt 04
RecdormdS, ilicn Inrageg fle ffjcunty  of
Manu{wﬂw{uj H)SOuLl the it OF Moy /s [n'ﬂ;a—_
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QUESTION THREE

(a) Areaction of HSO,™ is shown below:
HSO,(ag) + CO,* (aq) = SO,* (ag) + HCO, (aq)

Al
(1)

(i)

(1ii)

i At
Bl e iy 4
Identify the species acting as an acid and the species acting as a base in the above equation,
and their conjugate pairs:

Acid: HSOL{ Conjugate base: W _SOL/Z”

Base: m C 32" Conjugate acid: ('l(_ogp

Write the equilibrium constant e}?;ression, K_ for this process:

k=[50 11 Ho |
L0 0 |

This reaction was initially performed at 25 °C to determine the K_ value. When the reaction

temperature was increased to 50 °C, the K value increased.
Ne— e —

Explain whether the forward reaction is exothermic or endothermic.
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9

(b) Solutions of 0.1 mol L' concentration were made of each of the following three substances:
NH, = HNO, NHCI
(i)  Explain the pH of each of these solutions.
Include:
. a choice of pH value for each substance from the options below
. a classification for each substance

any equations to explain the pH value.

pH options: 1-2 4-5 7 9—-10 13-14
NH,: NHPLJ H:O e iUHtf! a.-..,,j il 5

(VHz Soltdion twin leve o pH wver of 410, ¢ NH;
5 e Wtek bege m;:l” It OniY Pactieny guSotictes HtO
% l'anfj Ot cad NH;—_; o IC prens flx COHh] S Yreeder
[H “t] . _ ‘ W H,
then the X J mob "3 e Solation besic, lowever s B onlY

Partieny diccocietes g [ol] jc not Lidh enotdl do ke flc fondon

AT e, Hio, 1H.0 = HO' 1 NO

)

HAD, foide iin bewe & b M of |2

¢S d 5 6 Stony e, TS means A b {ully

Aissoictts o s iong, HO' cnet NOY men by the

[ ]« Uty Lgh. Rs PH s 4he preswe o [H0']

fhe  HNO: Somtipn v l/\auc b fow P a5 S ég&’@w
;h NH,CL: N/L C[:sa'"-? N?‘klmﬂ‘f CI (a46)

/VHP, 1,‘/' = Mo, + H,O' s

fVH. W 15 o S6l Whith v WY dicotiste e N_Hv,’ Ginch
LWV & o Lk (Lo o0 fud 5o bl Bra
(itha HzO 16 form & Smatl tmandt  Of H}O{- 1lis

mares FEEC fhe Colution 8 SIgbty ceitic o5 fle [H;0') s kgter
{LC““ {(a"-’ [DH J ‘\OU'CV{/ {lic ‘d-'ﬂtr;p\[,t : :
{ii v/; ob aﬂx\&é} [:'?1 %o Hae  Sotution Lant (Que;zotr;’:zz? ;:;gfwes)
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(i) Discuss the conductivity of the solutions:

NH, HNO, NH,CI
Note they are all equal in concentration.
In your answer you should:
. explain the requirements for a solution to conduct electricity
. compare the extent of conductivity of each substance

. reference the relevant equations from your previous answer to part (b)(i).
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OH™ ions, So the [ions] is lor (elsing the Soiwkion [
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SPARE DIAGRAMS

If you need to redraw your response to Question One (a)(i), use the graph below. Make sure it is clear

which answer you want marked.
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Section A:r Section B

Mass of aluminium(I1T) oxide ALO, (g)
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Subject:

Standard:

Total score:

Excellence

Chemistry

Grade
score

Marker commentary

One

E7

(i) Incorrect line as it starts to far down on the y-axis.

(ii) Student has met the E criteria and compared the different concentrations to
sections A and B on the graph.

(i) and (ii) both calculations correct

Explanation is at the E criteria, the graph is missing labels for activation energy, E
minor.

Two

E8

(i) Equation is incorrect
(ii) Calculation correct
(i) Calculation correct

(ii) Evidence used from(i), links the new calculation to not being in equilibrium.
Forwards direction is not stated for E.

(i) Student has correctly linked minimising change to added water vapour and
increase in products. NaOH not met, as incorrect reasoning used.

(ii) E criteria met

Three

E7

(i) Correct conjugate pairs
(ii) Correct Kc expression

(iii) Student has identified the endothermic reaction linked to absorption of heat
and direction. Kc is not linked to temperature for E.

(i) The student meets the E criteria and has linked the concentration of
hydronium/hydroxide to pH and used equations.

(ii) The student meets the E criteria and has linked the conductivity to extent of
dissociation and concentration of ions.






