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QUESTION 1: [7 marks]

A mining company carried out an analysis of an ore sample to find out how much copper was
present. The analysis of an ore containing copper sulfide and other components involved the steps
shown below.

Stage 1) Roasting the ore: 2CuS + 02 — 2CuO + 2502 Reaction 1
Stage 2) Leaching out the copper: CuO + 2NH4* — Cu?* + 2NH3 + H20 Reaction 2
Cu?* + 4NH3 — Cu(NH3)42* Reaction 3

Stage 3) Filtering
Stage 4) Acidifying the filtrate
Stage 5) Displacing the copper using zinc

(a) Which reaction(s) from 1, 2 and 3 are redox reactions? Justify your answer using oxidation
numbers. [2 marks]

(b)Which reaction(s) from 1, 2 and 3 are acid-base reactions? Justify your answer, including
identifying the acid and the base. [2 marks]

(c) What is the purpose of the filtration? [1 mark]

(d) Write the balanced equations for the reactions occurring in Stage 4 and Stage 5. [2 marks]
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QUESTION 2: [10 marks]

Draw the structures for the five missing compounds in the scheme below. [2 marks each]

KOH

Ths
CH3CHCH,CH,

H, /Pd

HBr

K2Cf207/H+

CsH100,

H2804 then Hzo

major product

K20r207/H+

No reaction
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QUESTION 3: |8 marks]

Two solutions of different acids (HA and HB) have the same concentration (0.100 mol L-1) but the
pH of the solution of acid HA is 1.00, and the pH of the solution of acid HB is 2.87. 1 mL of each of
the solutions is diluted to 10 mL with pure water.

(a) Calculate the pH of the diluted solution of acid HA and justify your answer. [2 marks]

(b) Explain in terms of equilibrium principles why the change in the pH of the solution of acid HB
on dilution is less than the change in the pH of the solution of acid HA. [2 marks]

The pH of the blood of a healthy person is in the range 7.35-7.45.

(c) What is the maximum concentration of H3O* in healthy blood? [1 mark]

Kw at body temperature (37 °C) is 2.34 x 10-14 pKw =13.63.

(d)What is the maximum concentration of hydroxide ion in healthy blood? [2 marks]

(e) For the dissociation of water into H30* and OH- ions the reaction enthalpy is 55.8 k] mol-1.
Predict with reasoning whether K, will be greater or smaller than 2.34 x 10-14 when the
temperature is 50 °C. [1 marks]
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QUESTION 4: [11 marks]

The scheme below shows how ethanol (CH3CH20H) can be converted by a series of reactions into

compounds containing six carbon atoms. Note that one of the reactions causes a rearrangement,

namely, the product of the reaction has a different arrangement of carbons than the reactant.

0 0
Heat
X Mg/H
/\OH—>A0H —= N MM b ey

Tho,
H,, Ni
l ’ 2 H,0 | Al20s
PBrj Heat
B - A
(C3HgO) E
Na

2B ———> C +2NaBr Ho/Pd

(¢}

Additional information:
D has several methyl groups in equivalent environments.

Neither D nor E is susceptible to oxidation with K2Cr207/H*.

Give the structures of compounds A, B, C, D, and E, and the formula for reagent X.

A B C
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QUESTION 5: [7 marks]

The structures of the amines having the formula C3H9N are given below. These compounds have
boiling points that range from -3 °C to 49 °C

Compound: A B C D
7
CH3CHNH2 H3C_N
Structure: CH3CH,CHoNH, | CH3CH,NHCH;, |
CHg CHj
Boiling 49 °C 33 °C 36 °C -3°C
Point:

The boiling point of molecular substances, such as the amines shown, depends on the strength of
attractive forces between the molecules of the substance. The strength of these attractive forces
depends both on the polarity, the shape, and the size, of the molecule.

Electronegativities: C=2.6; N=3.0; 0 =3.4; H= 2.2

(a) In a mixture of which two of the amines above would the attractive forces between the
molecules due to polar bonds be the greatest? Justify your answer including describing the
nature of the attractive forces [2 marks]

(b) For which two of the amines above would the attractive forces between molecules be
weaker due to the shape of the molecules? Justify your answer [2 marks]

(c) Place the following molecules in order of increasing boiling point: Butan-1-ol;
butan-1-amine; propan-1-amine; butan-1,4,-diamine; butan-1,4-diol; pentan-1,5-diol.
Explain your reasoning [3 marks]
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QUESTION 6: [8 marks]

Titanium in nature occurs in the form of the mineral rutile, TiO2. Rutile can be converted to
titanium chloride, TiCls, a colourless liquid which boils at 136 °C and fumes in moist air. The TiCls
is heated with magnesium and the mixture from the reaction is washed with very dilute acid to
leave titanium metal.

Titanium is resistant to corrosion by acid and seawater, but will react if heated in oxygen in the
presence of fused alkali (KOH), to give K;TiO3, potassium titanate.

Titanium is used in the aerospace industry and in chemical and marine engineering. Titanium
carbide, TiC, is harder even that carborundum, SiC, and has many industrial uses.

(a) Using the evidence above, what type of bonding exists in titanium chloride? Justify your
answer. [1 mark]

(b) Give a possible explanation for the fuming of titanium chloride in moist air. [1 mark]

(c) Identify the products from the reaction of titanium chloride with magnesium. What is the

position of Ti relative to magnesium in the activity series of metals? [2 marks]

(d) Write a balanced equation for the formation of potassium titanate [2 marks]

(e) Suggest a likely type of structure and bonding for titanium carbide. [2 marks]
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QUESTION 7: [8 marks]
Calcium hypochlorite, Ca(OCl)2,is a chemical product which can be used to kill bacteria in water
supplies. It can be prepared in the following sequence of reactions.

130.5 g of manganese dioxide is reacted with excess hydrochloric acid

Reaction1:  MnOz (s) + 4HCI(g) —2 MnCl: (s) + 2H20 (1) + Clz (g)

The CI2 from the above reaction is absorbed in 148 g of Ca(OH)..
Reaction 2:  2Cl2 (g) + 2Ca(OH)2(s) ——> CaClz (s) + Ca(0Cl)2 (s) + 2H20 ()
The solid products formed are dissolved in 1.000 x 103 L of water.

(a) The anti-bacterial effect depends on the concentration of OCl- ion. Assuming that the OCI-

does not react with the water, calculate the concentration of OCIl- (in mol L-1) in the
solution formed above. [3 marks]

(b) Suggest a chemical method by which the OCI- might kill bacteria. [1 mark]

(c) Ca(0Cl); (s) is unstable to heat, and will decompose by disproportionation to form
Ca(Cl03)2 (s) and CaCl; (s). Give a balanced equation for this reaction. [2 marks]

(d) Write a balanced equation for the following reaction. [2 marks]

Cl0s- (aq) + MnO4- (aq) + H30* (aq) ——2 MnO: (s) + ClO4+~ (aq) + H20 (1)
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QUESTION 8: [8 marks]

Identify the substances Q, R, T, U, X, Y, Z and W in the reaction scheme below.

NaCl(aq)
+ + U(s)

H,0(1)

CO2(g)

Answers (1 mark each):

+ NHs(g)
HCl(g) > Q(s)
+ water + NaOH(aq)
T(aq) NaCl(aq) + H20(1) + R(g)
+7n (s)
+ AgNOs(aq)
X(aq) + Y(g) > Z(s) + W(aq)
R=
U=
Y =
W =
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QUESTION 9: [6 marks]

The following Lewis structures are incorrect. Explain what is wrong with each one and draw a
correct Lewis structure for the molecule.

(@) H—C=N
=0m={==H
(b)
H ‘\\_‘_nu -.—..-*‘ '
v 2
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QUESTION 10: [7 marks]

The complexation of gold from minerals with cyanide ion (CN-) is often used in the extraction of
gold from naturally occurring sources. The complex reaction is strongly product-favoured, and
the equation for the reaction is given below.

Au*(aq) +2CN-(aq) = Au(CN)z(aq) Kc=2x1038

An ore containing 0.689 g of gold was treated with aqua regia (a mixture of concentrated nitric
acid and sulfuric acid) to produce a 1.00 L solution containing Au(I) ions. This solution was mixed
with 1.00 L of 0.040 mol L-1 KCN.

(a) What is the concentration of Au(CN); in the solution? [2 marks]

(b) What is the concentration of CN- in the solution? [2 marks]

(c) Determine the concentration of uncomplexed Au* in the solution. [1 mark]

(d) The CN-ion is highly toxic, because it will readily complex with many metal ions, including
those in biological enzymes. Predict using the information below whether the presence of
silver(I) ions in the same concentration as gold (I) ions would have a significant effect on
the extraction of gold. [2 marks]

Ag*(aq) +2CN-(aq) = Ag(CN):7(aq) c=3x1021
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