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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 cach 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.

(@)  Copper (II) nitrate solution is added to sodium carbonate solution.

Equation CV\ (Lu,\ g 9 CL/' in‘\ 7 Cb\ o G—S LSB

[2 marks]

Observation A( \{cu \\\u\(. S0 \LL\U“'\ L{wkm & uuf colous \ess

‘;Ukb'k.L\“&ﬁ N\ dre  MKe (.-k {—c,-( maune A Al e \O [EC \[' l(z'\ Fe
J =
[1 mark]

(b)  Barium hydroxide solution is added to diluted hydrochloric acid.

_— L _ G
Equation UH Cuy ) T Tt (uu;v‘_) — L0 e)
[2 marks]

Observation T WO Cl\_(?u\fﬂ cu\(::l 'u.‘)\Od J ‘\6‘95; 50\&3( ONS e

awaed . po oisible rewck®n (s o bserved
[1 mark]

(c) Sodium metal is added to water.

. .
s MO\ (s) Ay ,2'\-\7_0 1) — L NC& (ag) K 2on {'ﬁ»u(:)—‘( \'\

Equation

[2 marks]
Observation A G\\\i\u\ Q\\m( N\?jwf\\ \S {‘\uej\ f\\ﬁl‘* A C\ri’c’-u’ﬂ)

\b\.\l\tgs \qb\u\ \Jtu\cnlf ‘{‘L"wa\c] j\\\ ‘\'\K\TO\ MO U \\'10 vef
_)—&.\g‘fﬂ‘kb{yi o L\C‘ ¥ “ (_L\u\,| kth (’:Clﬁ Xk €sS C}ils g uf \Lﬂ’l [lmark]

C\v"\i}\ A c(;\w\ \VSS 9b\b\J“U\ NEMANS -
SEE NEXT PAGE
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Complete the table below by drawing correct Lewis (electron dot) diagrams, the
molecular shape, indicating whether the substance is polar or non polar.

Formula

Lewis (electron
dot) diagram

Name of molecule
shape

Polar or
non polar

NHj;

] 1,*} PATRY

Gl

FUS A w‘:\(lc;xl

PC’\C\ &

HCN

\m N

{i)c\f:k ("

SCl,

\f ~ 5 \\é?\ ‘lg'(,\
Cbea¥>

Qt\a{

NOs

p——

/I‘ } 1{’\6\‘\0\(_

Not required

SEE NEXT PAGE

[11 marks]
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Question 28.

Ammonia is prepared industrially from hydrogen and nitrogen in the presence of a
suitable catalyst according to the equation

Nag + 3Hxg & 2NHse

The graph below shows the variation df the equilibrium yield of ammonia with pressure
at different temperatures.

100
|4 300
.-—-"’"J‘—
L
80 /,/ 2007C
// //
percentage / =
conversion 60 / e e
' 5 ] I {7500 )
© ammania 4 » oy
40 s /
/| L eooc
/ "
il | ._-/
20 AL L ]
L~
=
=
4]
0 200 400 600 300 1000 1200

7300 ;
total pressure in atmasphere

(a) A particular industrial plant uses a pressure of 300 atm and a temperature of 500°C.
From the graph, determine the percentage yield of ammonia under these conditions.

2 Ll e

[1 mark]

...........................................

}Yddd’\({ﬂu‘e ..... \L\ ..... (UF\AL{U’“’S,*\\Q ..... : ,7‘}%-\_ ﬁt’“’\ ...... Wi \\

.......................................................................................................................................

\M\&C\%*‘«QHPJ“\\\; ...... countecact. Ahe ) \\wu‘ chan 4&

SEE NEXT PAGE
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(¢) Deduce from the graph whether the production of ammonia from hydrogen and
nitrogen is an exothermic or an endothermic reaction. Explain your reasoning.

~

o Yol a..gued ygressace there to a gneater

......................................................................................................................................... i

..... \ower temperatures woald €avoar groduck Lurmaten.
(and releasc o€ Keat Yo curfeand Wy 5 ) [2 marks]
(d) Temperatures less than 400°C are not used for this industrial reaction even though

such temperatures give a greater equilibrium yield of ammonia. Give a possible
reason why this is so.

....... Ospibe. he. danger. awelds for Yemperatuces lower

..........................................................................................................................................

[2 marks]
Question 29.
Consider the following chemical substances.

CO, SO; NH; HO0 N Sg CL CCL

List all the molecules that contain polar 0 5 e 3, 3 NoH 3 H\Z.(—/
bond. . "
CH oy
List all the polar molecules \\: H 2 H\ lC’
List all linear molecules ) ) E
L) \ s \1

(Note: Substances can be listed in more than one category)
’ [6 marks]
* ot e SO S S t mj“‘ ‘7“2 p\cw\r{r ard  Ada- Pi“\' P

Crd™

SEE NEXT PAGE
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Question 30.

On Earth, water evaporates, forms clouds and falls back to the ground in a process
known as the ‘water cycle’.

On Saturn’s moon Titan, where the average temperature is 94 K (-178°C), methane
behaves in the same way as water does on Earth, evaporating and raining onto the
surface as a liquid.

Using your knowledge of their structure and bonding, explain why water and methane
undergo these processes at such different temperatures.

..........................................................................................................................................

..............................................

......................................................................................................................................

......................................................................................................................................

..........................................................................................................................................

........................................................................................................................................
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..........................................................................................................................................

......................................................................................................................................
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..........................

eneryy Yo Rmam A gas.
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Question 31.
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The following equilibrium is being investigated:

ZZI’IS(S) + 302(3)

2 2ZnOg + 2SO0y

SEMESTER 1 2012

AH = -879 kJ

Three identical sealed boxes are set up, each containing the equilibrium mixture. Each
of the boxes is treated as described below, and time is allowed for a new equilibrium to
be established. In each case describe the change between the original equilibrium and

new equilibrium.
What happens to the rate Wh.a.t h‘:ippens t.o .the?
of the forward reaction? egulhbrlum posfugn.
Treatment Write ‘move to the right’,

Write ‘increase’,
‘decrease’ or ‘no change

)

‘move to the left’ or ‘no
change’

A small amount of Oy, is
added.

+ Nrean Sé_

Ne(g) is pumped in,
increasing the pressure of
the system (no volume
change).

[\' 0 C l\?\ﬂ C)' c_

The reaction vessel is
heated.

——

Ioaerease g

*

F reackoon

Wi €0
““'

x’\l L \J i ‘4;_!‘\ A

SEE NEXT PAGE

[6 marks]
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Question 32.

Part of the Contact Process for the manufacture of sulfuric acid involves the conversion
of sulfur dioxide to sulfur trioxide, as shown by the equation

2805+ 02y & 2503y AH = -192 kJ mol™

As part of a laboratory study of this process, a container was filled with an equilibrium
mixture of sulfur dioxide, sulfur trioxide and oxygen in the presence of a catalyst. The
container was initially at 450°C. The container can change volume and was thermally

well insulated.

N\ o nc decreas

concentration (M)
‘ L
. /
"
<
>
o
;
€

10 20 30
time (min)
(a) Write the expression for the equilibrium constant for this reaction.
¥
k. - -’————_:r:-_—-——‘-
— ~ e ey g P "—X
| S ) LOa [1 mark]
(b)  Which components of the equilibrium mixture are represented by X and Y?
@ x: 2Y3 [1 mark]
Gi) Y:_S59 5 [1 mark]

(c) Suggest what particular changes have been imposed at:

(i) 10 minutes: adddca ot Oa bo the sgysrem [1 mark]

(i) 20 minutes: __decreast o valume ot he ggsvemy (1 mark]

(d) On the graph sketch in the changes if the temperature is increased_gt time = 30 min.
“ i i \ r l
chibh fo Ve et [1 mark]

SEE NEXT PAGE
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Question 33.

Sketch the general graph of the atomic radius of the elements across period 3. Explain
the trend illustrated by this graph.

A
Atomic 0{& NeUS «(5 AC[OsS
radius a perc A
(pm)
< i

¥ Atomic Number (Z)

..........................................................................................................................................
.......................................................................................................................................
.........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
........................................................................................................................................
..........................................................................................................................................

........................................................................................................................................

.......................................................................................................................................

.........................................................................................................................................

" H’\{ m\c\ma ami ace. palled ¥Yin decreasuc
> P l 9

the atomc tadws [4 marks]

SEE NEXT PAGE
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Question 34.

(a) A small increase in the temperature of a reaction will often cause a significant
increase in the rate of a reaction. Explain, with reference to collision theory,

why this is so. Use diagrams if appropriate.

s Fer A seackon \o Nake glace partiles musk collde

.................................................

/ _ i i
(téfﬂmﬂ\w‘ﬁ‘\ ...... -ﬁfﬁfgf.‘;.&?.‘.\.&i....:ﬁ.@.‘i!’ff | ER————
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Loarseky 0X Baetic 0ARCIY i

¢ Vhe t)\d@{\f\qg \Cned (¢ L0LCYY oF partic e

............................................

.......................................................................................

\htﬂﬁffﬁ‘\vSC$ ¥ LJ( \J\ \*Q f\/’\@e Pf;i'jrup@

................................................................................................

5 % v WU S “’:\? *%{pa W /‘a‘gcf ‘Wtcc)é’\ &“{ [ﬂdf"TL(fc {ff
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.....................................................................................................................................

\pat v sutfocien <ner iy the rate of

........................................................................................................................................
P

reackon uncreases . Diaqram

(b) Draw a potential energy diagram for a reaction with AH =+ 20 kJ mol™ and
activation energy = 50 kJ mol™. Label the diagram, including the axes,
showing the transition state, products and reactants, along with the activation

energy and AH.
¢ \‘é"mﬁ\ [V
) A '\“““_f‘i‘,»‘*v"\“
{‘a'ké"*\‘td o 7 NN
( = aL 3\15 | \
\'s \ 90 \
A ‘I
U
\ / E A \\\ Qf il i.c.-\(;‘\-)
¥ i 7
f |
& = J/’ A}H
Qesuhu‘h/} "
\ 44— = - - PP p— . [
Y [ eanc J(G-'\ (o-oid lN'fL €
[3 marks]

- A f‘j
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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.

Pure metallic nickel can be obtained from crude nickel by reaction with carbon

monoxide. This reaction occurs at 50°C and produces nickel carbonyl, Ni(CO)s, which

is a gas.

(a) Write an equation for the reaction between nickel and carbon monoxide to
produce nickel carbonyl.

[2 marks]

(b) What mass of crude nickel will react with 2.76 x 10° L of CO at 103.6 kPa and

50°C if the purity of the nickel is 80.0%

[6 marks]

..........................................................................................................................................

.............................................................................................

o) N\ = 27650 L 0()a PN
P - \V 3 (,, Lp:\ \\ T
T- 50°C = W¥bx L 70xi

............................................................................................................... P sasmssarsesscs

..........................................................................................................................................

......................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................
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Question 36.

Pternatw o

s AT s 2

NN

- 0460
o Gbixd
AL s el
2-bqr @

= 0330
ﬁs A 0\(5 {?\.
t;\,} ;:) \\\f“\\\\\.'\tj

5;‘_} {4 e¥(est

The following equation describes the reaction between sulfur tetrafluoride and
diiodine pentaoxide:

SSF4(g) + 2L0sn — 4IF5(1) * 5802(g)

32.07 g of 1,05 is shaken with 6.02 L. of SF4 at 76.0°C and 120 kPa, and the reaction
allowed to go to completion.

(@)  Determine the limiting reagent for this reaction
[5 marks]

()  What volume of sulfur dioxide is produced at 76.0°C and 120 kPa?
[2 marks]

(c) What mass of each of the substances (reactants and products) is present at the
completion of the reaction?

[6 marks]
&).n(I206)232:07q . o(E20) 20N, 2 32:07
............ \ \/\Uz“s\*?’f’ggﬂ“’q(\\ng #

i

..........................................................................................................................................

........................................................................................................................................

SEE NEXT PAGE
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Question 37.

The owner of a fresh water swimming pool of volume 31500 L wishes to chlorinate it
for the first time using calcium hypochlorite, Ca(CIO),.

(a) What mass of calcium hypochlorite should be added such that the final
concentration of the hypochlorite ion is 15.0 parts per million?

(vou may assume that 1 part per million = 1 mg L )

[4 marks]
()  The pool owner actually added more calcium hypochlorite than was necessary.

After some days all of the hypochlorite ion had been reduced to chloride
according to the equation;

28+ 2H+(aq) + OCl g = Cluy + HOg

A sample of the pool water was analysed for chloride ion by adding excess silver
nitrate and weighing the silver chloride which precipitated. A 200.0 mL sample
of pool water produced 0.0362 g of dry silver chloride. What mass of calcium
hypochloride did the pool owner actually put into the pool?

(0:S7 LCQ

SEE NEXT PAGE
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Question 38.

Consider the following table

Substance Melting Point (°C)
H,O 0 tovaleat - polar ~ Kb
0; ' -218 (oge\ent - nonspalar - despersan
Br, -7 Goatent - sorpplar - doferse
Si0, 1700 ety
NaCl 801 Tome

Using the above examples discuss in detail the relationship between the melting points
and the structures of these solids.
Your answer should describe the process of melting in each case.

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% and 2 pages to answer the
question. . . )
' \Q"S(f"i‘ NES Wit \\ VAT g
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