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PART 2 (60 marks)

Answer ALL questions in Part 2 in the spaces provided below.

Question 26.

Give fully balanced equations for the reactions which occur (if at all) in the following
experiments.

Use ionic equations where appropriate. In each case describe observations such as
colour changes, precipitate formation (give the colour), or gas evolution (give the colour
or describe as colourless) resulting from the chemical reaction.

(a)  Sodium carbonate solution is added to excess dilute hydrochloric acid.

N - :
Equation CUE’\_’ -’c.wj}+ 2 H (.m@f} -, )V\ZOM\ -+ COE Ca)

[2 marks]
Observation \wO c'\ect! coloailess golut N e woxed  Lormoa /| a
/ colous'ess  od ' 2ol
[1 marks]
(b) Iron(III) nitrate solution is added to sodium hydroxide solution.
Equation VE  (ay) » YW teg) T N
[2 marks]
% F€ \a g A “ : { =_ A ,\r'l ‘r 2711 f M' 1 el
Observation |7 !+ - Mowh SO A o c\ear (oloud
AV Iﬁ‘j: J‘ : r V4 ¢ A E;V' fOWTr “’ 4 e
0 _ _ iy [1 marks]
(c) Dilute sulfuric acid is added to a solution of sodium chromate.
[ -
iy 1= . =
/j L ( 4 -7 ‘7' ) S e = : | o
Equation &~ "' (u() 2Cy “)u (g s -V v+ K0/,
) [2 marks]
Observation :““ R /ol ¢ fd i AT (& 1.(?;'_/ ,:er‘f gud € oluy ¢
MY Yorming e el ' drang € solut O
[1 marks]

SEE NEXT PAGE
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Question 27.

Lewis (electron dot) Name.of Polai o
Formula s molecule
diagram non polar
shape
':,{ ~
S 02 . .r"’:’g : & .g ) V - 5 I"ﬂi’ﬁ i‘:";‘ } 9 @ | O]\ f‘\
s ¢ _ .
- AY g
% TROER) [+
PI; SR
o e _r f‘ V“‘Ei.m{)‘?./ 3
7 | g I \ I | : .
O | CLO QY e |
C\ ( ot
:‘;J L
_ ¥ 4 7
ercor ) RN
~— .‘\_\ : ;~}_y K.
W ? e ¥ X
- f/ o '
\‘)x“‘“ PN } Not required
CO5 ||"Y 7ol q
</
A

Complete the table below by drawing correct Lewis (electron dot) diagrams, the
molecular shape, indicating whether the substance is polar or non polar.

SEE NEXT PAGE

[11 marks]
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Question 28.

Classity the following solid substances by writing them in the appropriate column in the
table below.

silicon carbide Jodine— copper.(1I).oxide ~brass
dry ice (CO,) potassium permanganate sulfur. bartum- sulphate -
selder— graphite —silver _diamond
Tonic Solid Metallic Solid Covalesrléll;(lletwork Covaler;to ll\i/éolecular
Gpper D) ovide | beas. Stlion coibidf | Yodiae

[6 marks]
Question 29.

Classify the following substances according to the major intermolecular force found

in the substance. g
/TN

H H
V-N liquid nitrogen liquid hydrogen sulfide liquid-carbon disulfide
0 liquid ammonia liquid ethanol e - |r -0t liquid propane !
s \ \ . e ,
I e oy F/\
. : 5 ; Hydrogen /
Dispersion forces Dipole-dipole Bonding
(\\‘\*;‘\—ﬁ@ ¢ n le f E wgf A o
\‘%UHJ Vg i" \l(jg"oi‘\‘_}: .QSM“;vf L.A:
CodBidn g lulLigde
\l% vl J
d;)i" 0 b ne
[3 marks]

SEE NEXT PAGE
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Question 30.

The graph below shows the boiling point for the groups 14-17 hydrides plotted against period. Using

your knowledge of Van der Waal forces explain the anomalous behaviour of NHs, H,O and HF seen in
the graph.

Tﬁn[—

<
]
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i 1 ! |
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i 1 \ [ > |
...... cffw‘i@‘«?w““s*w‘f')' "o’
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.................................. ;
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, - { [ 2
\\k (r( L !f{f.?{-\ri e/(edﬂpﬂ\%”@ ore U Cul nl J (!/1@7‘0‘/( ZL{ (}“ ALl]
on AT TR (AT LY ;
0 o b 7 ‘ . . | [ {/‘ Al ) AL Y
([/ ] ~une N . '\'—'({A\i}f-‘iﬂ‘f, {;,i-gi,-i A 28N A/ ¢ 1 > A | \ }\\ {/\\‘1_11 @& fINE /
| i r [ oA
’ _,i‘_’ tx O ¢ | f\\f" 4 OF m :" e "_“_ { /
LUV MR AU b ARGt W R E it e 0.3, S o S
k(/ ¢ N &’( ,3 ' ]FK r AN '\L 2 U 'V\J] (ﬁ (SU14 ey Fi /
([,
y e whermple ’ ' \ 51 \ /
© - ki
YA AL gy ' b [4 marks)
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Question 31.

SEMESTER 1 2011

Methanol can be made from natural gas by converting the methane in the natural gas to
carbon monoxide, CO, and hydrogen, H,, and then combining these two gases to make
the methanol, CH;OH. This final step involves the equilibrium:

cO @ T 2H; (2) < CH;0H (&)

AH=-91kJ

Complete the table below to show what would happen to the equilibrium concentration
of methanol when the following changes are made. Include a short explanation to
account for each change applying Le Chateliers principle.

Change made to the equilibrium mixture

Effect of the change on the equilibrium
concentration of methanol. Use the terms
“increases”, “decreases” or “no change”
AND short explanation

The equilibrium mixture is compressed to
increase the pressure.

ot e o€ metheno | Yncreageg
peoncen At wn 9% M vaded |

@ (}’; ALreA I‘ 1‘1’ sa '€

Wl

shifding Yo

The equilibrium mixture is cooled to reduce
the temperature.

(¢ Gorwavd pealr {0:»“]

ot MY

'\\“ + e ‘ Lratus €
Th Qrfl*v"‘\ At ‘\(; N DPRasP "
b Cavonping Jhe rotwerme reaction,

T
!
(\(J iaru.;cw.:} rZALYILDA )

@

o A decrency

UL

ot wednong) g pe

e s t————

o (oflenTration

. v N AL Neu S v CoME " l‘ﬁ“"«- ( L'_:‘.r"- 0\{
Additional hydrogen is added to the o il il he equ\lariam sl
equilibrium mixture. X o X ;
{u | ag \
. no 1 £ :‘i\
' _ . £
An appropriate catalyst is added _
B cad ’
o, : .
{ A AN l;1 ‘

[8 marks]
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Question 32.

The production of ammonia from nitrogen and hydrogen is an exothermic process
according to the equation:

N, w T 3H; < 2NH; w T 92kJ
Nitrogen, hydrogen and ammonia, at time 0 min are in equilibrium in a reaction vessel

at 500 °C. Changes are made to the conditions of the system after 7 minutes, 15
minutes, and 19 minutes. The effects of these changes are represented in the graph

below.
Concentration vs Time Graph
N2 L_/L—
g NH; I ~/
=
ks
&
g
5 |
.
. L
!
~p-
0 5 10 15 20 25 30
Time (miins)
(a) Suggest what particular changes have been imposed at
g
| ; [ o =l { o N N *',"""'”’
(1) 7 minutes: Volume ot S4C5E€m ¢ 2 (E;‘i"’ Swee " [1 marks]
‘ i = J' - an ot at o
() 15 minutes: D9gS¥EM  yneneageo] VN e MPR/ARYAs &[] marks]
ki :&""‘I‘- ) !r\ oA 7
(iii) 19 minutes: QD{C’}‘ \tdn @1 Som™ \\‘__1-4‘\“* gen qas ., [1 marks]

(b) Write the expression for the equilibrium constant for this reaction.

o _ Luvy, )
a,\ - S ‘ M“-m S
NS T [ H,\ [1 marks]

(c) Account for the changes in concentration of the three substances between the 15 minute
and the 19 minute mark.

ﬁ c A Y, £ ()4 U Ay Ne {‘: X A £ t 740 FARCY > J' v } AN ¢ il’\.\' Tl
o | . i . p o .’ o i : .
ANL v k\_.{:j-:f Ve ())\t_(_ [e(1¢e ALY %a‘,{ €t ) A \ G i
O A\l LTV WY WO pddden or remdeal gt n [2 marks] &
CV 0 cJ Y L OWAR ¢ N " t \
Ay ‘,k ¢ % i -.‘ 1‘3’\ CA™Y i-.- S "!‘ > 7,'_ "N S ) o — - Y‘. A {l o
_ SEE NEXT PAGE 5 -
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Question 33.
The graph below represents the energy changes over the course of a chemical reaction:

CO g+ NOz g — CO2 g + NO )

&
0 -
Potential ™
Energy
k)  -cof
CO 4y + NOsz
J _
=200
-3C0 P
~300
COz  t NO
Reaction coordinate
(a) Give the magnitude and sign of the AH for the forward reaction in kJ
\f\ . \ =K
i 230 Lk)
[1 marks]
(b) Give the activation energy for the reverse reaction in kJ
360 k)
[1 marks]
(c) Give two reasons explaining why the rate of this reaction increases with
increasing temperature.
o Pue YL \aye L AALVCaSIng Yat nomber of
( (\ ;r o\ Y W 4 { fear 3 AR ol \ A o
N ‘i,-f/ 1@ 4 i 3 o $ DO
x ‘A
[2 marks]
(d) A suitable catalyst is discovered for the reaction. What would be the likely
effect of the catalyst on the A/{ 7 Explain your answer.
« NOo choanol on OH ag '\l ;’5. L
;r-i\l ! [ n- . f & ?S ro y?ll W E )
B "\ »~ Oy s ’\
[2 marks]

SEE NEXT PAGE
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Question 34.

A bottle of soft drink was placed on an electronic balance and weighed. The cap was
removed and placed next to the bottle on the balance. The mass of the cap, bottle and
its contents was monitored. The results are shown in the graph. The experiment was
conducted at 25°C and 101.3 kPa. Assume that no evaporation has occurred.

630
%
- \‘
3 623 N,
Muass of cap, N
hotthe and -
comtents { o) )
° 620 -
613

Time

(a) Identify the gas released.

[1 marks]

(b) If the soft drinks volume was 500 mL, what was the concentration in ppm of
‘the gas in the initial solution? (assume density = 1g/mL)

....... W.602.).5.19931000ama & ....opm. 2 D05 20
L N i R,
x ~ I O U ;‘"
= Ltk 4y 0500
= 20 JOOQQn\ & [3 marks]
(c) Calculate the volume of the gas released.
AN < . ~ A \0:9#_ _ g g -1 . \ 2y
b L A2EN L . “((l’l\}”%"\,:f@{* ...... ; ?‘"w‘) ..... il b
: ! = eu: n K \
e
\,::»\ l - - = ™
. \:‘:f 9.) LA - = 1"%-§‘_\.< 3 @
- 10193 Yo ﬂ”
Q‘T%Z\ R < s ::’-—:6 -
T A P R A R T R S T e T R e R (%)
M((i) N2 bl 0V gmol” .3
V2 ) [3 marks]
END OF PART 2

SEE NEXT PAGE
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PART 3 (40 marks)

Answer ALL questions in Part 3. The calculations are to be set out in detail in this
Question/Answer Booklet. Marks will be allocated for correct working, correct equations and
clear setting out, even if you cannot complete the problem. Note that if an incomplete answer
is given only partial marks will be awarded. -

When questions are divided into sections, clearly distinguish each section using (a), (b), and
so on. Express your final numerical answers to three (3) significant figures where
appropriate, and provide units where applicable. Information which may be necessary for
solving the problems is located on the separate Chemistry Data Sheet.

Question 35.

A 3.00 g sample of crude zinc sulfide ore containing sand and clay as impurities was
roasted completely in air, according to the reaction below.
S 2y + SOrg  LEun ()
nS + O — Zngy g A

The sulfur dioxide evolved was passed into 0.300 mol L potassium dichromate
solution. It was found that 31.9 mL of the potassium dichromate solution was required
to react completely with the gas evolved.

l“q’u_». \ Sy -

CrO7 wy + 2H gy + 38029 — 208" g+ HaO 9+ 3504" oy = [ & )

Calculate the percentage by mass of pure zinc sulfide in the crude ore.

. [7 marks]
ﬂ:r o~ ’ ., A >4 H e ‘Z z
\\( K')L”"‘D";e ....... ’ﬂw-:gid“{“* .................................................................
g }-\\"‘;' OMOC)Y?‘} ol ¥.Ce,0o) = c N
L AT L ol 04,5510 TR, . . . . gl ) = N s
= 0300 3195
................................................................................................................ il
1 N LT ( (: A . T 7 = \
M Sl RO Y e f‘((‘“{“;@ .............. 0l KQUU?‘ ..... e k(O ™)
4 _,/--’\‘
R R 2Lt LA N () T
e R oo s =
................. nl8Y9 )2 200000, ) = Sox.X2x0
| \
~ -2\
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Question 36.
In a laboratory experiment, a student prepared insoluble aluminium carbonate
Al (COs); by a precipitation reaction. She added 250.0 mL of 1.00 mol L™ aluminium

nitrate solution to 500.0 mL of 0.500 mol L' sodium carbonate solution.

(a) Write a balanced ionic equation for the precipitation reaction.

[1 marks]
(b) Determine the limiting reagent in this experiment.

[6 marks]
(c) Calculate the mass of aluminium carbonate precipitated.

[3 marks]

(d) What would be the concentration of the excess reagent in mol L' in the final

solution?
[3 marks]
.................... 3:‘,««\\
C{\ ..... ZP} ..... (29).. 1.7 ""’}“5 ...... A D Fi:““fﬁi:‘t
e e ——— s
b} C(pf\(NO;\3>: \ 0o ] r\(m \J - r\(fq\(l\)ﬁ;\\;-.:}': Co

A(C) SoR‘<A.R. \(MAW\_;} f‘fcr_(l_ig“m‘j( Ei, (:()_{—‘— ".:\ = T <R

.
~ . n ¥
P [ L A 3 + 1. A= +¥3
€Y CLESS feaqent ¢ o - .
- Ny 2
- Y (S
- W, :

SEE NEXT PAGE
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N MM, Coma) 2 2emAN+ 3 ()« Tx (o)
....................................... =24 26:99) « (3xc20l) + (Axlbe)
........................................ - 233-qmol”
...... o (AL 2l 0(00,) 2 L 250k
4

g 2 L

SEE NEXT PAGE
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Question 37.

The production of the fertiliser, di-ammonium hydrogen phosphate, (NH4),HPO4. from
rock phosphate (impure calcium phosphate), can be represented by the following
reaction sequence.

[ser1]

Caz(POa)ry + 3H,504 (ag 2H;POy (ag) T 3CaS0;4

Step 2

H5POy4 (ag) T 2NH; ® (NH4)2HPO4 (s)

(a) What mass of rock phosphate would be required to produce 1.00 tonne (1000 kg)
of di-ammonium hydrogen phosphate if the rock phosphate contains 70.0 % by
mass calcium phosphate? You may assume that the impurities in the rock
phosphate do not react with the sulfuric acid or take part in the reaction.

[7 marks]

(b) What volume of ammonia gas measured at STP would be needed to bring about
the above conversion?

[3 marks]
; N\
QY. (MR, HP0L) Z V000 KA
.................................... ‘00“066;
/ . A o A
M (01, 100, = T + eV () + () + GeM0)
2 1 ot) + (4x 1008+ (1x30°47) + (4% (600
- "L 00 ) -\
: ) b £Q1
.............................. e S
R CEAR AL AR AT \+00 x (0 = />y __,_'_:3'
VM 132062
00 D L st
. / _ 2,
- N\ 0 LR »
S C.EVON ) (LS T R
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Question 38.

“An understanding of the three dimensional structure of a covalent molecule enables its
polarity and intermolecular forces to be predicted.”

Expand on this statement by discussing the following topics;
(a) Valence electron pair repulsion-theory.
(b)  Shapes of molecules.
(¢) Molecular polarity.
(d) Intermolecular forces.

The following table of data for some commonly known covalent molecular substances
may be useful for in answering your question. Your answer could also include any

other appropriate molecules as examples.

Substance Boiling point
methane -162 °C
water 100 °C
carbon dioxide - 78 °C (sublimes)
ammonia = 389

Marks are awarded principally for the relevant chemical content of your answer, but
some marks can also be gained for clarity in arranging a reasonable amount of material
in a coherent form. It is suggested that you write between 1%z and 2 pages to answer the

question.

[10 marks]
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