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HIGHER SCHOOL CERTIFICATE EXAMINATION

1996

CHEMISTRY
2 UNIT

Section | - Core

(not to be used before Monday August 5, 1996 )

Time allowed - Three hours
(Plus 5 minutes reading time)

DIRECTIONSTO CANDIDATES
Section | - Core
| Attempt ALL questions.
. Part A 15 multiple-choice questions, each worth 1 mark.
Mark your answersin pencil on the Answer Sheet provided.
. Part B 10 questions, each worth 3 marks.
Answer this part in the Part B Answer Book.
1 Part C 6 gquestions, each worth 5 marks.
Answer this part in the Part C Answer Book.
| Write your Student Number and Centre Number on each Answer Book.
| Y ou may keep this Question Book. Anything written in the Question Book will NOT
be marked.
Section |1- Electives
| Attempt ONE question.
| Each question is worth 25 marks.
I Answer the question is aseparate Elective Answer Bookl et.
1 Write your Student Number and Centre Number on the cover of each Elective Answer
Book.
I Write the Course, Elective Name, and Question Number on the cover of each Elective
Answer Book.
I 'You may ask for extra Elective Answer Books if you need them.

A Periodic Table and Data Sheet are provided with this paper.
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SECTION | - CORE

PART A

Attempt ALL questions.
Each question isworth 1 mark.
Select the dternative A, B, C or D that best answers the question.
Mark your answersin pencil on the Answer Sheet provided.

1 Select the group in which exactly twO substances have ionic bonds.

(A)  Water, sodium chloride, carbon dioxide, magnesium oxide.
(B)  Water, butane, paraffin wax, hydrogen chloride
(C)  Diamond, sodium chloride, paraffin wax, ethanol.
(D)  Ethanol, oxygen, calcium oxide, steam.
2. One of the compounds formed when chlorine reacts with propane is 1,1-dichloropropane.
Thistype of reactioniscalled
(A)  addition.
(B)  oxidation.
(C)  hydrolysis.

(D)  subdtitution.

3. Which one of the following solutions has the highest pH?

(A) 0.2 M sodium carbonate.
(B) 0.1 M sodium hydroxide.
(C) 0.1 M sodium chloride.

(D) 0.2 M hydrochloric acid.
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4.

1-butene and cyclobutane are isomer s because they have

(A)  the same molecular formula and the same structural formula.
(B)  thesame structural formulabut different molecular formulae.
(C)  thesame molecular formulabut different structural formulae.

(D) different molecular formulae and different structural formulae.

Which one of the following chemical substances has hydrogen bonding in the solid state?

(A)  graphite.
(B)  water.
(C)  sodium.

(D) hydrogen.

[W]%[X]
Y1%z1?

A chemical equation has the equilibrium constant expression K =

The chemical equationis

(A) W+Xé Y+2Z

B) 3W+2X = 2Y+Z

(C) 3Y+2Z = 2W+X

D) 2W+X = 3Y+2Z

Which group has atoms and ions with the same el ectronic configuration?
(A) O, Ne AI®

(B) 0%, He Al

(C) O, He A%

(D) 0%, Ne AI®
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8. A scientist measures the melting temperature and the electrical conductivity of each of the
following solids: iodine, copper, diamond and sodium chloride.

The solid with the greatest electrical conductivity and the solid with the highest melting
temperaturein that order are

(A)  copper and diamond.
(B)  sodium chloride and iodine.
(C)  diamond and sodium chloride.

(D) iodineand copper.

9.
CH3  cH,
H H
AN | | | /H
C=C-C-C=C
H | M
CH,

The IUPAC systematic name for the compound with the structural formula shown aboveis

(A)  2,34-trimethyl-1,4-pentadiene.
(B)  2,4-dimethyl-1,4-pentadiene.
(C)  2,34-trimethyl-1,5-pentadiene.

(D)  2,4-dimethyl-1,5-pentadiene.

10.  Thevolumeof 0.1 M sodium hydroxide required to react exactly with 20.0 mL of 0.2 M of a
diproticacidis

(A) 20mL.
(B) 40mL.
(C) 60mL.

(D) 80mL.
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11.  Which one of the following statements about chemical equilibrium is correct?
Chemical equilibrium is reached when
(A) therate of the forward reaction is equd to the rate of the reverse reaction.
(B) therate of the forward reaction isless than the rate of the reverse reaction.
(C) therateof theforward reaction is greater than the rate of the reverse reaction.

(D)  the concentration of the productsis equa to the concentration of the reactants.

12.

Pl A

Wy [

. 3 M

L

Which one of the following titrations could be described by the graph shown above.

O o A0 20 Lo 50

(A) 0.2M HCl isadded to 25 mL of 0.4 M NaOH.
(B) 0.2M HCl isadded to 25 mL of 0.2 M NaOH.
(C) 0.2M HCl isadded to 25 mL of 0.1 M NaOH.

(D) 0.2M HCl isadded to 25 mL of 0.05M NaOH.
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13.  Theé€ectronic configuration of the nitride ion, N3', is

(A) 15?267
(B) 1s?2s° 2p°
© 1s? 2¢° 2p63523p1

(D) 15?25 2p®3s? 3p°

14.  Onemoleof adiprotic acid is dissolved in ten litres of solution and complete dissociation
occurs. The pH of this solution is closest to

(A) 01
(B) 05
C 07
DO) 1

15.  Theequilibrium between NO(g), O»(g) and NO,(g) is described by the equation:
2NO(g) + O(9) é 2NO,(9) ; exothermic reaction

When chemical equilibrium has been reached in this system

(A)  dl chemical reactions have stopped.
(B)  only theforward chemical reaction continues.
(C)  only thereverse chemical reaction continues.

(D)  both forward and reverse chemical reactions continue.

END PART A
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PART B

Attempt ALL questions.
Each question isworth 3 marks.
Answer al questionsin the Answer Book provided.

In questions involving calculations, you are advised to show working, as marks may be
awarded for relevant working.

Question 16
(@ Write the el ectronic configuration of
(i) the aluminium atom, Al
(ii) the aluminium cation, AI3*

in terms of shells and subshéells.

(b) Explain why aluminium does not easily form the ion A%,

Question 17

Some of the properties of ethane and ethanol are listed in the table below.

Substance Relative mass State at 25°C Solubility in water
ethane 30 gas insoluble
(CoHp)
ethanol 46 liquid completely soluble

(C,H50OH)

@ Draw astructural formulafor ethanol

(b) Explainin terms of bonding, the state and solubility properties of ethane and
ethanol listed in the table above.
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Question 18

(& How much water must be added to 100 mL of 0.20 mol Lt sodium hydroxide to
obtain asolution of concentration 0.05 mol L7

(b) 20.0 mL of 0.15 mol L1 hydrochloric acid istitrated with 0.05 mol L sodium
hydroxide.

What volume of sodium hydroxide is required for neutralisation?

(c) What isthe pH of the resulting solution?

Question 19

@ Write achemical equation that shows how ammonium chloride forms an acidic
solution in water.

(b) Write a chemical equation that shows how sodium bicarbonate forms an akaline
solution in water.

(© Write the formula of the conjugate base of theion NH 4+.

Question 20
Write chemical equations for each of the following:
@ Bromine gas reacts with butane.
(b) Bromine gas reacts with 1-butene.

(©) Potassium permanganate reacts with 1-butanol
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Question 21

Write down the names and structural formulae, where required, for the missing products,
labelled X , Y in each of the following reactions.

CsHg + H,O(H,SO  catalyst) ® X [ X + strong oxidant ® Y
propene (e.g. acidified
K,Cr,0-)
(assume compl ete oxidation)

@ What is the name of compound X ?

(b) What is the name of compound Y ?

(© Write the structural formula of Y ?

Question 22

@ Write a balanced chemical equation for the production of ethanol from glucose
(CgH150g) asthe starting material.

(b) What name is given to the reaction in (a)

() Write a balanced chemical equation for the reaction of ethanol with oxygen in an
internal combustion engine.

Question 23

@ Carbon tetrachloride isaliquid at room temperature and has been used as afire
extinguisher. Draw the structure of carbon tetrachloride.

(b) Explain why carbon tetrachloride isaliquid while the structurally similar methaneisa
gas under the same conditions of temperature and pressure.

Question 24.

@ A major constituent of petrol is heptane, C;H 5. When acar engineis not running
efficiently, incomplete combustion with oxygen takes place and carbon monoxideis
produced. Write a balanced chemical equation for the production of carbon monoxide
and water from the incomplete combustion of heptane.

(b) An alkane can be represented by the general formula C\H,,,, . Write abaanced

chemical equation for the complete combustion of this general akane with oxygen
gas.
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Question 25

The equation describing the formation of ammoniais:

N2(g) +3H 2(g) é 2NH3(g) ; exothermic reaction

(@ Write the expression for the equilibrium constant for this equation.

(b) What is the effect on the yield of anmmonia gas at equilibrium if the temperature of this
equilibrium system isincreased. Explain your answer.

(© If the volume of the vessel isincreased at a constant temperature of 350°C, what

would be the effect on the number of mole of NH5 present when equilibrium isre-
established? Explain your answer.

END PART B
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PART C

Attempt ALL questions.

Each question isworth 5 marks.

Answer al questionsin the Answer Book provided.

PAGE 10

In questions involving calculations, you are advised to show working, as marks may be
awarded for relevant working.

Question 26

The following table shows some of the properties of the oxides of the Period 3 elements.

sodium | magnesium | aluminiu | silicon phosphorus | sulfur chlorine
m
formula Na,O | MgO Al,O4 SO, |- SO4 Cl,0,
appearance | white | white solid | white colourless | white solid | colourless| colourless
at 20°C solid solid solid liquid liquid
melting 920 3802 2027 1710 422 17 -92
temperature
(C)
@ Give the chemical formulafor the oxide of phosphorus that contains phosphorusin
the +5 oxidation state.
(b) What type of bonding would be found in Na,O and MgO?
() What type of bonding would be found in SO, , SO and Cl,0O,?
(d) Describe the trend in acid-base behaviour of these oxides going across the Period.
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Question 27
Hydrogen, H,(g), bromine Br,(g) and hydrogen bromide HBr(g) exist in equilibrium according to

. -\
the equation: H 2(g) + Brz(g) < 2HBr(g).

An equilibrium mixture contains 1.5 mol of Br2, 0.25 mol of H2 and 0.50 mol of HBr at afixed
temperature.

@ Calculate the equilibrium constant for this reaction.

(b) Explain why changing the volume of the reaction vessdl, at constant temperature, will
not affect the position of equilibrium

(© In another experiment conducted at the same temperature, some HBr was admitted to

an evacuated 2 L vessel and, when equilibrium was obtained, decomposition of the
HBr had yielded 3.16 mol of Br, as one product.

(1) What was the concentration of each species at equilibrium?

(i) How many mole of HBr was originaly let into the vessel ?
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Question 28

50 mL of 0.10 M HNOg is mixed with 70 mL of 0.10 M Ca(OH),,
@ Write a balanced chemical equation for the reaction between HNO3 and Ca(OH)..

(b) How many mole of hydroxide ionsis present in the mixture befor ethe reaction?
() How many mole of hydroxideionsis present in the mixture after the reaction?

(d) What volume of 0.05 M H,SO, isrequired to neutralise the mixture?

Question 29
@ Draw the structural formulafor the ester, ethyl acetate.
(b) Write a balanced chemical equation for the production of this ester.
(© Describe the laboratory method by which this ester could be produced.

(d) A student suggests that ethyl acetate could just as easily be produced by heating the

reactants together in an open beaker. Explain why thiswould N0t be an appropriate
method.

Question 30
@ Draw the structura formulafor ethene.
(b) Givetwo differences between the structure of ethane and the structure of ethene.

(© Write a balanced chemical equation showing how ethane could be produced from
ethene.

(d) Write a balanced chemical equation for the reaction between ethene and bromine.
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Question 31

Sodium carbonate can exist in both an anhydrous state (without water) and a hydrated state
(with water).

A sample of sodium carbonate contains an unknown quantity of water and is represented by the
formula Na,CO4.xH,0(s). Dilute hydrochloric acid can be used to determine the amount of water in

this hydrated sodium carbonate.

In alaboratory experiment ,a student finds that 0.400 g of ahydrated form of sodium carbonate
reacts exactly with 45 mL of 0.100 M HCI

@ Write a balanced chemical equation for the reaction between solid hydrated sodium
carbonate and dilute hydrochloric acid.

(b) Calculate the number of mole of hydrochloric acid used and, hence, calculate the
number of mole of hydrated sodium carbonate used in this experiment.

(©) Calculate the vaue of x in the formulaNa,CO53.xH,0.

END PART C
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SECTION Il - ELECTIVES
(25 Marks)

Attempt ONE question.
Answer the question in a separate Elective Answer Book.
In questions involving calculations, show all necessary working.
Marks may be awarded for relevant working.

PAGE
Chemical ENErgy.......ccceoeeeeeieceesieccee et 15
Oxidation and ReAUCLION...........cceveeererereseeeeeeee e 17
Biological Chemistry.........ccocverineneirnnesese e 20

Chemistry and the Environment............cccceeveeiieveicieseennn, 22
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Question 32 Chemical Energy Marks

(@

(b)

(©

Helium gas behaves approximately like an ideal gas.

(i)

(i)

Explain briefly what is meant by an ideal gas. 2

Calculate the mass of helium gas occupying avolumeof 50 L at a
temperature of 0°C and a pressure of 9.0 X 10° Pa. 2

The gas methane is an excellent fuel. It reacts with oxygen according to the
equation: CH,(g) + 20,(g) ® CO,(g) + 2H,0(g) DH = -889 kJmol™*

(i)
(i)

(iii)

N

How much energy is evolved when 50 g of methane is burnt completely?

How much energy is evolved when 50 L of methane at atemperature
of 298K and a pressure of 101.3 kPais burnt completely? 2

How many mole of methane must be burnt completely to produce
50 kJ of heat energy? 2

A packet of salted peanuts contains the following nutritional information
on a50 g net packet.

ener gy 1194 kJ
protein 12.2 g
carbohydrate 43¢
fat 2459
fibre 419

To determine the energy content of the peanuts, they are burnt in oxygen
inside a container.

It takes 25 kJ to raise the temperature of this container by 1 °C.

All of the peanuts in the packet are crushed to afine powder and reacted
completely with oxygen gasin the container.

(i)
(i)

(iii)

(iv)

Why are the peanuts crushed before combustion? 1

The temperature in the calorimeter rises by 46 °C.
Calculate the energy content of the packet of peanuts. 1

Give one possible reason why the experimentally determined energy is
different from the energy given on the packet. 1

Calculate the percentage of the energy given on the packet that comes from
the fat in the peanuts, given that the heat of combustion of fat is 39 kJ g'l. 2
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Question 32 (continued) Marks

(d) When a solution of hydrogen peroxide is allowed to stand for atime,
decomposition occurs slowly according to the equation

2H,05(aq) ® 2H,0(l) + O5(g). Thisis an exothermic reaction.

energy energy
H ‘ A e
HZO 02 H H2 2
H.O
2 2 HZO 02
> >
rwion rea:tion

(i) Which ONE€ of the diagrams above best describes
this exothermic reaction?

(i)  Giveareason for your choice.

(e The enthalpies of formation of three gases are shown in the table below.

GAS FORMULA | ENTHALPY OF
FORMATION
water H,0(9) 242 kImol 1
carbon dioxide CO,(0) -393 kI mol L
acetylene C,H,(9) +227 kdmol 1

(1) Determine whether hydrogen or acetylene would provide awelder
with agreater amount of heat energy on amass basis.

(i)  Cadculate the factor by which the chosen gas provides more energy.
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Question 33 Oxidation and Reduction

@ Use the chemical equation 2H,(g) + O,(g) ® 2H,0(g) to explain each
of the following.

() oxidation
(i)  oxidant
(iii)  reductant

(b) Y ou are provided with the following chemicals and materials.
Zn(s), Cu(s), Zn(NO5),(ag) , Cu(NO5),(aq) , filter paper, NaCl(aq) ,
connecting wires.

(1) Draw afully-labelled diagram showing how these chemicals and
materials could be used to construct an electrochemical cell.

(i)  Writethe half-equation for the oxidation reaction.
(ili)  Write the half-equation for the reduction reaction.
(iv)  Writethe overall equation for the reaction.

(v) Calculate the standard potential for this electrochemical cell

Marks



NSW 2 UNIT CHEMISTRY HSC TRIAL EXAM 1996 PAGE 18

Question 33 (continued)

(©)

(©)

Two sources of energy that are undergoing continuous improvement for our
energy-hungry world are the secondary galvanic cell and the fud cell.

Examples of each of these are shown in simplified diagramsbelow.

O CH,(9)

M~
N LT ] cd ~ %Oz(g)
‘\ /'

o4+ | |POrous partition

2+ | cd
Ni
(ag) (A
NiCd battery _ methane-oxygen
(asecondary galvanic cell) fud cdll

(1) Write a balanced chemical equation for the overall reaction occurring in the
nickel-cadmium (NiCd) battery during use.

(i)  What isthe maximum potential that could be expected from this battery?

(ili)  Write abalanced chemical equation for the overall reaction occurring in the
methane-oxygen fuel cell.

One of the advantages of the NiCd cdll isthat it can be recharged.

(iv)  Writethe half-cell equation for the reaction occurring at the nickel electrode
during recharging.

(V) Comment on the polarity and the potential that should be used
during the recharging process.

(vi)  Eventualy, the NiCd cell losesits ability to be recharged.
Give one reason for this.

Marks
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Question 33 (continued)

(d)

PAGE 19

Some standard electrode potentials for metals are given in the table below.

Solution and Metal | Standard Electr ode Potential

Ag'(ag) , Ag(9)

+0.80V
Fe** (a0), Fe(s) 0.44V
Cu**(a0) , Cu(s) +0.34V
Zn** (aq) , Zn(s) 076V
Pb** (ag) , Pb(9) 014V
Mg®* (ag) , Mg(9) 234V

(i)
(iii)

(iv)

v)

Which speciesisthe weakest reductant?

Which species is the strongest oxidant?

Marks

In which solution(s), if any, would Zn rods be coated with another metal ?

Explain your answer.

Which of the metals - Ag(s), Zn(s) or Mg(s) would be coated

with Pb when immersed in Po(NO,),(ag)

Explain your answer.

Which metals from thislist could be used to prevent the corrosion of Fe?

Explain your answer.
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Question 34 Biological Chemistry Marks

@ i) Give the name and chemical formula of a complex carbohydrate
that can be digested in the human body.

(i) Give the name and chemical formula of a complex carbohydrate
that cannot be digested in the human body.

(ili)  Give areason why the complex carbohydrate in (ii) cannot be digested.

(b) The following flowchart shows two of the chemical reactions involving the production

and use of glucose
A e

formation of glucose
in the carbon cycle

glucose

storage for
energy usein
the body

B

(i) Give the name of compound A.
(i)  Givethe name of process by which glucose is formed.

(iii)  Givethe name of compound B.
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Question 34 (continued) Marks
() Two amino acidsin the vegetarian diet have the formulae

NH,, - CH - COOH NH.,, - CH - COOH

I I
R z

where R and Z are groups of atoms.
(1) Draw the structure of the dipeptide produced when these amino acids combine.
(i)  What nameisgiven to thistype of reaction?

(i)  What other compound is produced in this reaction?

(d) Proteins act as important cataysts in biochemical reactions.
(1) What does a biochemical catalyst do?
(i) By referring to the structure of proteins, explain what is meant by the
denaturation of aprotein and its subsequent loss of biochemical activity.
3
(i) Name one factor that can cause the denaturation of a protein.

(e Complete the following table for a series of |aboratory tests on glucose,
starch and protein.

Chemical Tested Reagent Used Expected Results

Glucose

Starch

Protein

) Explain how lactic acid can sometimes be produced from the
reaction of glucosein living cells.
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Question 35 Chemistry and the Environment
@ The table below shows the ranges of different chemicals found in metropolitan

reservoir water suppliesin three Australian State capital cities.
Thefigures are given in parts per million (ppm).

Chemical Sydney Adelaide Melbourne
Na' andk® |83-138 82 - 106 4.2
Ca2+ 15-9.7 16- 28 16
Mgz+ 1.6 - 50 13-20 1.1
Fe3t 0.1-03 0.1-03 0.15
ar 145-215 141 - 172 75
- 3.2-448 71-112 6.0

HCO,

2- 2.3-8.2 17- 40 2.2
SOy
total hardness | 11 - 48 102 - 137 10.0
(as CaCO,)
total dissolved | 52 - 99 344 - 409 37.0
solids (TDS)

(i) Give one reason for the large variationin Na' content of these
three water supplies.

(i) Name one chemical from the table that would cause a pH gresater than 7.

(ili)  Describe with the aid of a chemical equation atest that could identify
the presence of Cl" in Adelaide water.

(iv)  Describewith the aid of achemical equation atest that could identify
the presence of SO42' in water.

(V) How would the total dissolved solids (TDS) figures be obtained
for thistable?

The water in Adelaide is much ‘harder’ than in Sydney.
(vi)  What isthe effect of hard water in awater supply?

(vii)  How can hardnessin water be controlled?

Marks
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Question 35 (continued) Marks

(b) One of the many chemicals found in swimming-pool water is the weak acid, HCIO,
hypochlorous acid. HCIO exists in equilibrium according to the reversible equation

HCIO(ag) U H*(ag) + ClO(ag).

This equation has an equilibrium constant of 5.0 x 10-8 at 298 K.

In 2100 mL sample of swimming-pool water at 298 K, the concentration of
hypochlorous acid is found to be 5.0 x 10-8 mol L-1.

The pH of the water is measured as 6.7
(1) How many mole of hypochlorous acid is present in the sample?
(i)  What isthe concentration of hypochloriteionsin the pool water?
(i)  What would happen to the concentration of hypochlorite ionsif the
pH of the pool water were raised to 7.8?
(© The atmosphere is both a source of valuable chemicals and a dumping group for

waste materias.

(i) Name two gases that are extracted from the atmosphere for use in our society.
Name one use for each gas

(i) Describe atest with the aid of a chemical equation that would identify
one of these gases.

(i)  Name two waste substances that are discarded into the atmosphere.
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Question 35 (continued) Marks
(d) (i) Which isotope of uranium is present in the larger amount in uranium ore?

(i)  Explain what is meant by the enrichment of uranium.

(iii)  Name one dangerous product from afission reactor.

(iv)  How can this product be re-used?

(v) How can this product be stored safely?

END OF QUESTION BOOKLET
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1996 HSC CHEMISTRY 2UNIT TRIAL EXAMINATION

DATA SHEET

| Vaues of several numerical constants -

Avogadro's constant, Ny 6.022 x 10* mol ™
Boltzmann's constant, k 1.381x 10-23 Kt
Elementary charge, e 1602x10°¢C
Faraday constant, F 96 490 C mol
Gas constant, R 8.314 JK  mol™

0.0821 L atm K mol ™t

lonisation constant for water

at 298 K (25°C), K, 1.0x 101
Mass of electron, m, 9.109 x 10" kg
Mass of neutron, m,, 1.675x 1027 kg

Mass of proton, m 1.673x 10727 kg

p

Volume of 1 moleideal gas

at 101.3 kPa (1.00 atm) and
at 273 K (0°C) 2241L
at 298 K (25°C) 24.47 L



| Some standard potentials

K*+ 6 u K(s) 292V
B2t + 26 0 By -2.90V
ct + o6 0 cay) -2.87V
Na' + & 0 Ny 271V
M gl2+ +26 U Mg(s) -2.36V
Mn2* + 2e U Mn(s) -1.18V
- U 1 - -0.83V

HO+e 5 Ha(g) + OH
702t + 26 U Zn(s) -0.76 V
Fe2+ +2e l;J Fe(S) -041V
cd2t + 26 0 ody -0.40 V
Ni2* + 26 0 Ni@9 -0.23V
2t 4 28 0 Sn(s) -0.14V
P2t + 26 0 Pb(s -0.13V

+ . - 0 1 0.00V
H +e 5 Hz(g)
80,2 + 4H" + 26 0 H,S0;+H,0 017V
2t + 26 0  Cu® 0.35V
1 . U - 40V
5 0,(g) +H,0 +2¢ 20H 0.40
U+ e 0 cu® 052V
1 ! V. 054V
> Ix(s) +e
1 VI 0.62V
5 I(ag) +e
Ft 4+ o 0 g 0.7V
Ag+ +e U Ag(s) 0.80V
1 U - 107V
5 Bry(l) +€ Br
1 . U - 1.09V
3 Bro(ag) + € o

: 0 ,

% 0,(g) + 2H" + 26 H,0 1.23V
1 . U - 136V
5 Clp(g) +e cl
1 - U - 140V
5 Cly(ag) +€ Cl
MnO, +8H" +5¢ Y Mn®t+aH,0 0 1SLV
1 - U - 287V
5 Fog) +€ F
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SECTION | CORE PART A.

1

10.

11.

12.

13.

14.

15.

A

Sodium chloride and magnesium oxide have ionic bonding.
Water and carbon dioxide have covaent bonding

The chlorine atoms have taken the place of the hydrogen atoms.
It isasubstitution reaction

Sodium hydroxide is a strong base while sodium carbonate is aweak base. Hence,
0.1 M NaOH will have the highest pH.

I somers have the same molecular formula but different structural formulae.
Of these, only water has hydrogen bonding.

The products are on the top line of the fraction raised to the power of the equation
coefficient. The reactants are on the bottom line of the fraction raised to the power of
the equation coefficient.

02', Ne and A" al have 10 dectrons the lectronic configuration 162 28 2p6.

The solid with the best electrical conductivity is the metal copper which has weskly
held valence electrons. The solid with the highest melting temperature is the covalent
solid diamond which has strong covalent bonds holding the carbon atoms together.

The longest carbon chain has 5 carbon atoms and the double bonds start at the first
and fourth carbon atoms. Hence, it is 1, 4-pentadiene. The methyl groups are attached
to the second, third and fourth carbon atoms.

Hence, the nameis 2,3,4 trimethyl-1,4-pentadiene.

The concentration of hydrogen ionsin the diprotic acid = 0.4 M.
Hence, 4 x 20 mL =80 mL of 0.1 M sodium hydroxide will be required.

Chemical equilibrium is reached when the rate of the forward reaction is equal to the
rate of the reverse reaction.

From the graph, apH of 7 isreached when 25 mL of the acid has been

added. Hence, the acid must have the same hydrogen ion concentration
as the sodium hydroxide has hydroxide concentration (0.2 M).

The nitride ion has 10 electrons. Hence, the electronic configuration is 167 25° 2p6.

The concentration of the acid is0.1 M. Hence, [H+] =2x 0.1=0.2 M.
Hence, pH = -log,, (0.2) = 0.7

In achemical equilibrium, both the forward and the reverse reactions continue at the
same rate. It is dynamic equilibrium.
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PART B
Question 16

@ ()  Al(13) 1s%2s°2p%3s%3p?
ai) AP 15?25%2p°

(b) Theion AI** hasafull second electron shell. A lot of extra energy isrequired to
remove the next electron. Hence, AI** does not form easi ly.

Question 17
)
H
\C C/ H
H O—H

(b) The bonding between ethane molecul es (dispersion forces) is much weaker than the
bonding between ethanol molecules (dipole-dipole interaction).

Hence, ethane is agas while ethanol isaliquid at 25°C.
Unlike ethane, ethanol can form hydrogen bonds with water molecules.
Hence, ethanol is soluble in water while ethaneis insoluble.

Question 18

@ n(NaOH) = 0.1 x 0.2 = 0.02.
0.02
Hence, V(NaOH) = 008 - 04L.

Hence, V(water added) = 400 - 100 =300 mL ANS

(b) The balanced equation is: HCl + NaOH = NaCl + H,O

Hence, n(NaOH) = n(HCI) = 0.02 x 0.15 = 0.003.

Hence, V(NaOH) = %L(%?’ =006L =60mL ANS

(© The pH of the resulting solution is 7 since this is the neutralisation of a
strong acid by a strong base
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Question 19
@ Hydronium ions are produced in solution according to the equations:

NH,CI() ® NH,"(ag) + Cl"(aq).
Then, NH, " (ag) + H,O(l) ® H40"(aqg) + NH4(aq)

(b) Hydroxide ions are produced in solution according to the equations:
NaHCO4(s) ® Na' (ag) + HCO, (ag)

Then, HCO; (aq) + H,0(l) ® OH(ag) + CO4” (aq)

(©)  Theconjugate base of theion NH, is NH .

Question 20

€)) CH4;CH,CH,CH4 + Br, ® CH,;CH,CH,CH,Br + HBr
(many other substitution reactions are also possible)

(b)  CH,=CHCH,CH3+Br,® CH,BrCHBrCH,CH,
(©  CH4CH,CH,CH,OH + (KMnO,/H") ® CH4CH,CH,COOH + (Mn®* /H,0)
(it isnot intended that students write the balanced partia equations)
Question 21
@ The addition of water to propene produces propanol.
(b) The oxidation of propanol with potassium dichromate produces propanoic acid.

(© The structural formula of propanoic acid is

H
N, 7 7

Question 22
@ CsH120g ® 2C,H-OH + 2CO,
(b) Thisreaction is called fermentation.

(©  CH5OH(g) +305(g) ® 2CO,(g) + 3H,0(9)
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Question 23
@ Carbon tetrachloride is a tetrahedral molecule like methane as shown in the structural
formula below.

(b) The intermolecular bonding in carbon tetrachloride is stronger than the intermolecular
bonding in methane because chlorine atoms contain more electrons. Hence, carbon

tetrachloride isaliquid while methane is a gas under the same conditions of

temperature and pressure.

Question 24
@ The balanced equation for the incomplete combustion of heptaneis:

C/Hq6(l) + 175 O,(g) ® 7CO(g) + 8H,0(g)

+
() CoHoniz + 2220, ® NCO, + (M+1H,0

Question 25
2
[NH
= NP

(@ = 3
[NoI[H,]
(b) When the temperature is increased, the equilibrium shiftsin favour of the endothermic
reaction. That is, the reverse reaction is favoured. Hence, the yield of ammonia
decreases. Also, the value of the equilibrium constant decreases.

(© When the volume isincreased at constant temperature, the equilibrium shiftsin favour
of the reaction producing the larger number of mole of gas. Hence, the reverse
reaction is favoured. Hence, the number of mole of NH; decreases. It should be noted

that the value of the equilibrium constant remains the same since the temperature is
unchanged.
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Question 26
€
(b)

(©

(d)

Question 27

@

(b)

(©)

PART C

The oxide of phosphorusis P,O,(s).

The oxides of sodium and magnesium have ionic bonding with the
ionsNa", Mg®" and 07"

SO, isagiant molecule with covalent bonding. SO5 and Cl,O-, have covalent
bonding within the molecules and dispersion forces between the molecules.

The oxides become increasingly acidic moving across the Period. Sodium and
magnesium oxides are basic. Aluminium oxide is amphoteric. The other oxides are
acidic. Equations showing these propertiesinclude:

Na,O+H,O ® 2NaOH ;

AlLO;+6H" ® 2A1% +3H,0;

Al,05+20H +3H,0 ® 2AI(OH),

SO;+H,0 ® H,SO,

[HBr]? _  (0.5)
[H,]{Br,] ~0.25x 15

K= =0.67 ANS

Thereis an equal number of mole of gas on both sides of the equation. Hence, the
volume cancels out in the calculation.

(i) [Hole = [Brz]e=%S =158M ANS
Since the temperature is the same, the value of the equilibrium constant isthe
same. Hence, [HBrle=v0.67 x 1.58 x 1.58 =1.29M ANS

(i) Number of mole of HBr originally = n(HBr), + 2 x n(Br,),
=(1.29x2) +(2x3.16) =89 mole ANS
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Question 28

@

(b)

The balanced equation is: 2HNO5(aq) + Ca(OH),(ag) ® Ca(NO4),(ag) + 2H,0(1)

n(OH") present before the reaction = 0.10 x 2 x 0.070 = 0.014 ANS

(© n(OH") left after thereaction =n(OH") originally present - n(OH") used up in the reaction
=n(OH") originally present - n(H™) used up in the reaction
=0.014 - (0.1 x 0.05) = 0.014 - 0.005 = 0.009 mol ANS
(d) Volume of 0.05 M H,SO, required to neutralise = 0(?—019 =0.09L =90mL ANS
Question 29

(©

(d)

(@) Ethyl acetate has the structure shown below.

N Y
c—C H

H// \o / /H
SRR

Ho 'y

(b) CH3COOH(aq) + C,HOH(ag) ® CH;COOC,H(aq) + H,0(l)
The ethanoic acid and ethanol are heated together in a pear-shaped flask containing boiling
chips. A water condenser is attached to the top of the flask so the mixture is heated under

reflux.

Heating the mixture in an open beaker would result in the loss of the volatile reactants and
products. Hence, this would not be a suitable method.
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Question 30
@ Ethene has the structure shown below.
H H
AN
/C — C<
H H

(b) i) Ethane contains only single covaent bonds while ethene has one double
covaent bond.

(i)  Thereisatetrahedral distribution of atoms around each carbon atom in ethane.
Ethene, on the other hand, is a planar molecule.

(© CoH(9) + Hy(g) ® C,Hg(Q) . . . . and addition reaction.

(d) CoHy(9) +Bry(g) ® C,H4Bry(g) . . . . and addition reaction.

Question 31

(@ The balanced equation is:

Na,CO4.xH,0O(s) + 2HCl(ag) ® 2NaCl(aq) + H,CO5(ag) + xH,O(l)

()  n(Na,COzxH,O(s)) = % x N(HCI) = % x 0.100 x 0.045 = 0.00225 mol ANS

(© N(Na,COy) = n(Na,CO4.xH,0O(s)) = 0.00225.
Hence, m(Na,CO5) = 106 x 0.00225 = 0.2385 g.
Hence, m(H,0) = 0.400 - 0.2385 = 0.161 g.
Hence, n(H,0) = %gl = 0.0089.

) ., 0.2385
Hence, 1 mole of Na,CO, combines with 0.0089 - 4 mol of water.
x=4 ANS
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SECTION Il - ELECTIVES

Question 32 Chemical Energy

@ () An ideal gasisagasin which the molecules(atoms) have zero volume and in which
there are no forces acting between the molecules(atoms).

PV 9.0x 10° x50 x 10"

(i)  m(He) =4X &F =4X——g311x 273

=79.3g ANS

(b) (i) n(methane) = i—g . Hence, energy evolved = 889 x El)—g =2778kJ ANS

. _ 50 a 50
(i) n(methane) = 447 Hence, energy evolved = 889 x A7 - 1817 kJ ANS

(i)  One mole of methane produces 889 kJ.

Hence, the number of mole of methane producing 50 kJ = 85_809 =0.056 mol ANS

(© (1) The peanuts are crushed so that the surface areawill be large and
combustion will be complete.

(i)  Energy content of the packet of peanuts = 25 x 46 = 1150 kJ ANS

(ili)  Sincethe energy given on the packet is greater, one possible explanation is that
combustion has not been complete.

(iv)  According to the information on the packet, the energy from the fat
=39x24.5=9555kJ.
955.5

Hence, the percentage of energy from the fat = 1192 X 100 =80.0% ANS
(d) i) The diagram on the right hand side of the page.

(i)  Sincethisis an exothermic reaction, the heat content of the products must be
less than the heat content of the reactants.
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Question 32 Chemical Energy
(e i) The rdlevant equations are;
Ha@) +304(0) ® H,0(0); C(9) +Oyld) ® COLQ)
2C(9 + Hyl@) ® CoHyf@) ; CrHol@) +3 04(0) ® 2C0,(g) + H,0(0)

When 1 mole of hydrogen burns 242 kJisreleased. This isz;;r2 =121 kJ per gram.

When 1 mole of acetylene burns, the energy change = (2 x -393) + (-242) - (+227)

=-1255kJ. This is% = 48.3 kJ per gram.

Hence, hydrogen provides more energy on a mass basis.

(i) The factor by which hydrogen gas provides more energy = % =25 ANS



SUGGESTED ANSWERSTO CHEMISTRY ASSOCIATES Page 10
HIGHER SCHOOL CERTIFICATE CHEMISTRY TRIAL EXAM 1996.

Question 33
@ (0

(i)
(iii)

() @)

(i)
(iii)
(iv)
(v)

©

(i)
(iii)

(iv)
(v)

(vi)

d ()
(i)
(iii)
(iv)
(v)

Oxidation and Reduction

Oxidation is an increase in oxidation number. Hydrogen is oxidised because it
changesfrom0in H,to +1inH,0.

The oxidant is the chemical causing the oxidation; in this case, oxygen gas.
The reductant is the chemical causing the reduction; in this case hydrogen gas.

electronflow
J_ connecting wire

Zn(s) @ Cu(s)

zinc nitrate copper nitrate

The oxidation reactionisZn(s) ® Zn2+(aq) +2e
The reduction reactionis Cu'(ag) + 26 ® Cu(s)

The overall reactionis Zn(s) + Cu?*(ag) ® zn?*(aq) + Cu(9)
The standard potentia for thiscell =0.35- (-0.76) =1.11V ANS

SinceN i2+(aq) isthe stronger oxidant, the overall spontaneousreaction is:

Ni%*(ag) + Cd(s) ® Ni(s) + Cd*"(ag)
The maximum potential from thisbattery =0.4-0.23=0.17V ANS
The overdl reaction in the methane-oxygen fuel cell isthe reaction that occurs when

methane burnsin oxygen. CH,(g) + 20,(g) ® CO4(g) + 2H,0(9)

During recharging: Ni(s) ® Ni2+(aq) +2e

During the recharging process, the nickel electrode must be made positive (so that
electrons are drawn out of the electrode) and the external potential must be

greater than 0.17 V.

The NiCd cell loses the ability to be recharged because some of the reactants move
away from the electrodes and/or the surface of the el ectrodes become contaminated.

The weakest reductant is Ag(9).

The strongest oxidant is Ag+(aq).

Zn rods would be coated with metals with higher (more positive) electrode potentials.
These metals would be Fe(s), Pb(s), Cu(s) and Ag(s).

Both Zn(s) and Mg(s) would be coated with Pb(s) since these metals have lower
(more negative) electrode potentials.

Both Zn(s) and Mg(s) corrode more readily than Fe(s). Hence, these metals could be
used to prevent the corrosion of Fe(s).
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Question 34 Biological Chemistry

@

(b)

(©)

(d)

()

(f)

()
(i)
(iii)
(i)
(i)
(iii)

(i)

(i)
(iii)
(i)

(i)

(iii)

One example is glycogen (a polymer of glucose); formula (CgH1405),,
One exampleis cellulose (a polymer of glucose); formula (CgH1¢Ox),,
The human body lacks the enzyme required for the rapid hydrolysis of cellulose.

Compound A is carbon dioxide.
The process by which glucose is formed is photosynthesis.
Compound B is glycogen.

H H

@) @)
\N—C/—C// C/\ C//
H-~ \R \ / \ \O

N
| z "
H

Thisis called a condensation reaction.
The other compound produced in this reaction is water.

A biochemical catalyst specifically increases the rate of a particular chemical reaction
in cells. The operating conditions for biological catalysts are very mild relative to
inorganic cataysts.

A protein has a primary structure (the order in which the amino acids are linked), a
secondary structure in which coiling and folding occurs sometimes due to hydrogen
bonding and atertiary structure which isthe overal three dimensional shape adopted
by the protein. Disulfide links are often important in thistertiary structure.
Denaturation occurs when thistertiary structure is destroyed. Sinceit isthe shape of
the protein that givesit the specific biochemical activity, denaturation resultsin the
loss of thisactivity.

Denaturation can be caused by high temperature or a change in pH.

Chemical Tested Reagent Used Expected Results

Glucose forms when the

benedict solution ared-yellow precipitate

solution is warmed.

Starch blue

iodine solution the solution turns dark

Protein blue to violet-pink

biuret solution colour change from

Under anaerobic conditions (lack of ox_ygen) adifferent chemical pathway occurs and lactic

acid isformed from glucose via pyruvic acid.
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Question 35 Chemistry and the Environment

(@

(b)

()
(i)
(iii)

(iv)

(V)
(vi)
(vii)

(1)
(i)

(iii)

The soils through which the water flows vary significantly in Na' content.

A pH greater than 7 is alkaline. HCO5 would give this.

Add afew drops of silver nitrate solution to the water sample. If the concentration of
chlorideionsis high enough, awhite precipitate of silver chloride will be produced

according to the equation: Ag+(aq) +Cl'(aq) ® AgCI(s).
Add afew drops of barium hydroxide solution to the water sample. If the
concentration of sulfate ionsis high enough, awhite precipitate of barium sulfate will

be produced according to the equation: Ba2+(aq) + SO 42'(aq) ® BaS0O,(s).

Total dissolved solids can be measured by evaporating a sample of the water (after
first filtering to remove undissolved solids) and measuring the mass of the residue.
Hardness in water is caused by the presence of metal ions such as calcium,
magnesium and iron. If water is hard, it is difficult to form alather with soap and
water.

Permanent hardness in water can be controlled by adding awater softener such as
sodium carbonate. This removes the unwanted metal ions from the solution.

N(HCIO) =5.0x 108x 0.1=5.0x 10" mol ANS
The concentration of hypochlorite ions = the concentration of hydrogen ions

—10%"Mm
If the pH israised, the hydrogen ion concentration is decreased. Hence, the
equilibrium will shift to the right and the concentration of hypochlorite ions will
increase. The new value can be calculated from the information given if the
temperature is assumed to be the same.



SUGGESTED ANSWERSTO CHEMISTRY ASSOCIATES Page 13
HIGHER SCHOOL CERTIFICATE CHEMISTRY TRIAL EXAM 1996.

Question 35 Chemistry and the Environment

(©) i) Oxygen and nitrogen are extracted from the atmosphere for use in our society.
Oxygen is used for medical purposes.
Nitrogen is used as a cooling agent (in liquid form).
(i)  Oxygen gaswill cause aglowing splint to burst into flame.

C(s) + Oy(9) ® CO,Q)
(i)  Two waste substances that are discarded into the atmosphere are carbon dioxide and
sulfur dioxide.

(d) (1) U-238 is present in the larger amount.
(i) Uranium is enriched when the proportion of the isotope U-235 isincreased in the
sample.
(iii)  Plutonium is one dangerous product from afission reactor.
(iv)  Plutonium can itself be used to produce energy.
(v) Plutonium can be stored safely only with great difficulty since it remains dangerous
for avery long period of time.

END OF SUGGESTED SOLUTIONS
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