PREPARED BY THE

SCIENCE TEACHERS'
: o) OF WA INC.
PO BOX 1092
'SCIENCE TEACHERS’ ASSOCIATION ; -
> OF WESTERN AUSTRALIA OSBORNE PARK
s WA 6916

RK WA 6017"

OT A MARKING KEY.
O THE POSSIBLE ANSWERS
PTH THAT MIGHT BE EXPE_CTED
AR 12 STUDENTS. ITIS UNLIKELY
EX B POSSIBLE ANSWERS TO THE QUESTIONS
ARE COVERED IN THESE SOLUTIONS

© 2.007 STAWA ACKNOWLEDGES
_ THE SUPPORT OF THE CURRICULUM COUNCIL
AND IN PARTICULAR THE TEE EXAMINING
PAaNEL MEMEERS DR. MARY BOYCE,
DR. ALLAN MCKINLEZY MR. LANGE TAYLOR
- DR.DAVID RALPH, MR. ALLAN KNIGHT
DR DION GILES, MR WILLIAM LIDDELOW
. Lo DR STEF’HEN ERRINGTON: AND
: DR STUART BAILEY

2

© f'xg;v £ iy ’ n}I Lo

e i Al e g }& il i ﬁ\w% ey PR % 4% Pl i J%m X '.”"%, §e’-“l§
3 H 3 ¥ § iF IR 8§ [

':é *E B % ‘h&éﬁ By % émw l‘I %w:a %-ﬂ i ‘uﬁ I%u.wa {1@ gj}, gt § ng g -I




CHEMISTRY

Tertiary Entrance Examination 2007 Solutions

PART 1: MULTIPLE CHOICE (60 Marks)

1 a 6 b il. b
2 b 7 ¢ 12 b
3 a 8 b 13 ¢
4 ¢ 9 ¢ 14 ¢
5 a 10 b 15 b

PART 2: SHORT ANSWER (70 Marks)
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TR I - Wy ~ 78

1. I mark is deducted for each error in the equation. While state symbols are not required for full marks
they are useful for working out observations. The bulk of the observations must be provided for the
Sull mark. Observations in square brackets are acceptable alternatives to the observations given.

(8) NHs(g)+HCl(g) ! NH,C! (s)
White smoke [fume] appears

(b)  3Zn(s) +2Au**(aq) | 3Zn**(aq) + 2Au(s)

Yellow [golden or dark coloured] solid forms, [silver solid dissolves]

(©  AgO(s) + 4NHy(aq) + Hgb(! ) |

{(d)  No reaction
No changes

(For full marks, both no reactlon and ‘no changes’ are required)

_ 2[Ag(NH)2]"(aq) + 20H (aq)
Dark coloured [white] solid dissolves to form colourless solution

(2 marks)
(1 mark)

(2 marks)
(1 mark)

(2 marks)
(1 mark)

(2 marks)
(1 mark)

2. 2 marks for each structure, Marks are deducted for missing brackets, charge and no bondlng pairs
of electrons.
Ethanol |
H H H
. I -
H—-C—C—203
| | "
H H
Potassium hydfdxide
') {20 —H]"
(4 marks)
3. Dlspersmn forces (1 mark)

Dispersion forces ariée due to the attraction of electrons to temporary dipoles of adjacent

molecules. Each mtrogen moIecuie has a small number of electrons, therefore the dispersion
forces between nitrogen molecules are small. Small dispersion forces are only strong enough to
hold molecules together in the solid state at low temperatures. The greater molecular kinetic
energy at high temperatures is sufficient to overcome the dispersion forces and result in a phase

change.

(3 marks)




There is more than one possible answer for (a)

R 5.4
| I _

H—C-—-Cm(;,‘—--l;l
! I

H H H H

Propanamine

H-0

2-methyl-propan-2-ol
[2-methyl-2-propanol]

Methylbenzene {toluene]

P(atm) _

1 mark for each name and 1 mark for each structure,

Time (minutes)

(6 marks})
(@ 3 fnolés of Hj are conéumed for eaéh molé of N3 consumed. | (1 mark)
(b)  The reaction has reached equilibriilm (1 mark)
(©  More N, is added to the system. | (1 mark).
(@ i)  The forward reaction rate is increased. - | (1 mark)
i) The reverse reaction rate is increased. (1 mark)
(¢  More Na molecules are added to the system, therefore there is greater rate of collision of
. N, mqlecples w1th Hz molecules, which gesults ina greaﬁer reaction ;ate. (2 marks)
® |




Actlvatlon energy 140 kJ mol '
H 80 kim

1 mark for lower activation
energy

1 mark for same energy Jor
reactants and products.




11. (a) Hag)+Clag) ! 2HCI(g)
Or

INaC! (s) + H,SO4(1) | NaHSO, + HC! (g)

(1 mark)

(b)  Water droplets have a higher surface area so produce a faster rate of reaction, heat of

reaction is dissipated more readily.

(¢)  cleaning brickwork
pH adjustment in swimming pools
laboratory reagent
(any other sensible use)

12. X alcohol
Y: carboxylic acid

Z: amine
13.
0 H H H H 0
H™ \ I S T V4
/C—-C-—C—C——C—C
! ! ; ! H
0/ H H H H \0/

H H H H H H H H
I | I ! I I I I
N—C—C—C—C—C—C—N
; ! I | I | | !
H H H H H H H H

Condensation

PART 3: CALCULATIONS (50 Marks)

(2 marks)

{any two for 2 marks)

(3 marks)

(1 mark)

(1 mark)
(1 mark)

1 mark is deducted per question for inappropriate number of significant figures in final answers.

1. () [Au(CN) ] +e Au+2CN (1 mark)

b  Q=Ixt
=30x 24 x 60 x 60
=2592x10°C

Q
F
2592108

" 9.649x10°
= 26.86 mol

n(el ) =

n{Au) = n(e’) x 0.97
=26.86 x 0.97



=26.06 mol

m{Au) = n{Au) x 197.0
=26.06x197.0
=513x10°g (4 marks)

(© Two correct answers were accepted for this question.
Assuming same efficiency for Hg and Au

m{Au)
197.0

_ 1000

1970

= 5,076 mol

n(Au) =

n{e’) = n(Au)
= 5,076 mol

[Hg(CN)J"+2¢ | Hg+4CN

n(Hg) = % xn(e')

= 14 x5.076
= 2.538 mol
m(Hg) =2.538 x 200.6
=509 g
OR
Assuming 100% efficiency for Hg
n(e' ) = 5.076
n{Au) =n(e’) x 0.97, so "~ 0.97
: = 5.233 mol

n(Hg) = -é— x 5.233

=2.616 mol
m(Hg) = 2.616 x 200.6
=525¢g

(a) ACH;NOz(1) +302(g) | 4C0Os(g) + 6H0(g) +2Na(g)

1000
61.044 g mol'!
=16.38mol

@ PCHNO)-

n(02) =0.75x 16.38
= 12.29 mol

(4 marks})

(2 marks)



(d)

(a)
(b)
(c)

V(O at STP) = 12.29 x 22.41
=27531L

V(0, at25°C) = 275.3 %298
: 273

=300.6L

V(air) = %)- x 300.6

=1.50x10°L

CHa(g) +20g) I COx(g) +2H:0(g)

1000
16.042 g mol'!
=62.37 mol

n(CH,) =

V(0,) = 62.37 % 2241 x 220

273
=3051L

V{air) = 1—2(%0 x 3051
=1.53x10° L

Combustion of methane requires much more air compared to the same mass of
nitromethane. '

Iy(aq) +28:05%(aq) | 2I'(aq) + S406(aq)

I(ag) + CeHgOs(aq) !  2I(aq) + CeHsOg(aq) + 2H'(aq)

n(ly) added = 0.0521 x 0.100
=521 x 10? mol

(averagetitre 5,0 3“ (aq), excluding first (rough) value) = 13.96+13.78+13.92

3
=13.89mL
n(S2057 (aq) reacting with 20.0 mL of solution) = 0.0493 x 0.01389
= 6,846 x 10™ mol
250.0

n(S,0,” (aq) required for 250.0 mL of solution) = 0 0 % 6.846 x10'*

.

=8.558% 10" mol

n(l, remaining in 250mL)= ) xn (S,0," (aq))
=% x 8.558x10°
=4.279 x10” mol

(3 marks)

(3 marks)

(1 mark)
(1 mark)

(1 mark)



@

()

n(I2 consumed) = n(I; added) - n(l, remalmng)
=5.21x 107 -4.279 x 10°
=9.312x 10™ mol

n(CsHsOg) = n{l5)
=9,312x 10* mol

m(CeHz06) = 9.312 x 107 x 176.124

=0.164 g (8 marks) )
% C4H, 0, _ 0164 100 ‘
0.250 |
= 65.5%
(1 mark)

In 3.00 g of jarosite

n(K)=0.0622 x 0.250
=0.01555 mol

m(X) = 0.01555 x 39.10
=0.608 g

~ n(MnOy reacting with 25.0 mL solution) = 0.0108 x 0. 0288

=3.110 x 10 mol
5Fe?*(aq) + MnOq(aq) + 8H'(aq) | SFe*'(aq) + Mn®"(aq) + 4H,0(!)

n{Fe) =5 x n(MnOy)
=5%3.115x 10
=1.555 x 10 mol

n(Fe in 250 mL of solution [3.00 g of jarosite]) = -2—2—5-ng 1.555x10"*
=1.555 x 107 mol

Ba?*(aq) + SOs%(aq) | BaSOu(s)

n(SO4 in 100 mL) = n(BaS04(s))
0.967

" 233.36g mol"
=4.144 x 10™ mol

n(SO4* in 250 mL [3.00 g of jarosite]) = —-g—gx 4,144 x10"

=1.036 % 10" mol

m(SO,*) = 1.036 x 107 x 96,06 %
=0.9952 g

m(OH") = 3.00 - (0.6080 + 0.8685 + 0.9952)
=(,528 g

n(OH) = 2528
17.008



(Cr) 10 - _
rn(sml) Lo
122

2160
‘=,._56.3_ ppm

Cr m soﬂ

106




PART 4: EXTENDED RESPONSE (20 marks)

In general for full marks an essay should be a minimum of 1! to 2 pages and

*
L]
L]
L
L

Demonstrate sound understanding of chemzsnjy
On the topic given

Written in reasonable English

With some reasoning shown

With a begmmng, middle and end

Either no errors, or errors which are irivial,

The key steps in the procedure for determining the percentage of iron are given below. Variation in the
order is acceptable but your answer should demonstrate a logical order. The answer did not require -
example calculations. For full marks explanation of reasons for various steps was required. Just a list or

laboratory procedure is not considered a sufficient response. Diagrams could be included. Equations
must be included.

1.

Prepare a primary standard solution from oxalic acid dihydrate by weighing out an accurately
known mass of the acid, dissolving it in deionised water in a beaker, transferring it to a volumetric
flask and making it up to the mark. (Due fo the nature of the photograph, any reasonable volume
could have been used, e.g. 250 mL for the volumetric flask). The beaker should be rinsed with'
deionised water several times and the rinsings transferred to the volumetric flask to maximise ‘the
amount of oxalic acid dihydrate transferred. 4 discussion of the characteristics of d primary
standard is not essential but adds to the quality of the answer. A target concentration of 0.05 mol
L would be appropriate. The KMnO; cannot be used as a primary standard because it cannot be
obtained in a pure form, and its solutions oxidise slowly over time.

Standardise the 0.02 mol L~} KMnO, solution (the solution provided could be used or prepared
from the KMnOy solid available. If starting with the solid, the method for preparing the solution is
required, such as dlssolvmg a sufficient quantity of KMnQs solid to produced an approximately
0.02 mol L™ solution, heating and filtering it to remove solid lmpurmes ). Details of the procedure
should be provided. 4 dzagram could be included here but is not necessary. The KMnO; solution-
is placed in'the burette after rinsing with deionised water and then the KMnO4 solution. The
solution is run through the burette until it is below the 0 mL mark and there are no air bubbles in
the tip. The oxalic acid solution is pipetted into conical flasks using a 25.0 mL pipette that have
been rinsed with oxalic acid solution. The conical flasks will have been rinsed with deionised
water. The oxalic acid soiunon is acidified with approximately 20 mL of H,SOq solution (using
the measuring cylinder) to encourage the formation of the appropriate products, and heated to

increase the reaction rate. A minimum of four titrations should be conducted: a rough run, and

three accurate runs with small differences between the volumes. The end point (and equivalence
point) of the titration occurs when the solution in the conical flask turis and remains slightly pink.
The titration does not need an indicator as the colour change of the KMnOQj solution acts as an

- indicator (self-indicator). The reaction can be represented by the following equation:

2Mn0Os (aq) + 6H'(aq) + 5C;H204(aq) | 2Mn”"(aq) + 10CO(g) + 8H;0(!)

The steel sample (a mass of between 0.5 and 1 g would be the most appropnate as this would give
titration volumes for the KMnO4 solution of around 25 mL) must be accurately weighed and
dissolved in excess 2 mol L™ H,80; solution. (It may need to be heated to aid the dissolving
process). The solution should be filtered to remove solid impurities. The residue should be washed
to ensure complete transfer of the iron in solution. The solution is then transferred to a volumetric

* flask (a 250 mL volume would be sufficient) and made up to the mark.

The steel solution is then titrated with the KMnO, solution. The steel solution is pipetted into
conical flasks and titrated. Again, there is no need for an indicator as the KMnO, takes on that role
by changing colour as it reacts. If the titration process was described fully in step 2 there is no



need to repeat this information in detail. The reaction can be represented by the following
equation: |
MnOy (aq) + 8H'(aq) + 5Fe**(aq) | Mn*'(aq) + 4H,0(!) + 5Fe**(aq)

The percentage of iron in the steel can then be calculated from the data obtained. From the average
titration volume, the concentration of the iron in the steel solution can be determined. From the
total volume of the steel solution and the mass of the steel dissolved in step 3, the percentage of
the iron in the steel can be determined.

A discussion of possible sources of error and how they could be minimised must be included. This could
be done as part of the procedure or in a separate section.

Examples of the some of the sources of errvor are given below. This list is not exhaustive.

Rinsing equipment appropriately. Rinsing pipettes and burettes with deionised water will dilute
the solutions slightly by an unknown amount and change the number of moles. Similarly, rinsing
the conical flasks with solution will add an unknown number of moles of reactant.

Removing the funnel from the burefte. A funnel can hold several drops of KMnOj, solution that
can add to the volume in the burette.

Correct use of a pipette, for example, allowing the tip of the pipette to rest for a sufficient time on
the inside of the conical flask to allow complete transfer of solution.

Running solution through the burette to make sure there is no air bubble in the tip. This air bubble
could disappear during a titration altering the total volume of the titration.

Reading the burette volume from the bottom of the meniscus and having the same person read the
volume each time. This should give a more consistent reading.

The question also required that the equipment and chemicals used should be drawn from those given in
the photographs.

Of the equipment and chemicals provided the following should not or need not be used

FeSO04(s)

Anhydrous Na;CO3

FeSOqy(aq)

KMnOy(s) This could have been used but was not necessary
Phenolphthalein indicator

50 mL pipette
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