SECTION 2 Short Answer 13 questions (80 marks 40%)

Answer ALL questions in Section 2 in the spaces provided below,

\1/ Question 26.

Write equations for the reaction that occurs in each of the following procedures. f no
reaction occurs, write ‘no reaction'.

In each case describe what you would observe, including any
* colour change
* odour _
* precipitate (give the colour)
* Gas evolutions (state the colour or describe as colourless)
If a reaction occurs but the change is not observable, you should state this.

(a) Oxygen gas is bubbled through an acidified solution of iron (1) sulfate.
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(b) Ethene gas is bubbled through bromine water (aquegus soei“ution of bromine)’
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Question 27.

A non-acidic organic compound has a molecular formula of C4H;0, and has a singie
fuiictional group.
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0 What is the &an@;é?fﬁ@funcﬁonal group in this compound? (1 mark)
s 7£c,r 4 | i
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No 21117 J ok, Guc ol «° 4
o V4 = K Cm — ¢ _—
g B i { L S0 —c -4
- P R S e Tl npo Dta gade ,
O~ c-g~cur *meJ peof S 1
vt 1E 4

f @ S

! . . o - , l &

> copl nethosond el ethens -c-c” %
¥ | 7 X

{

T-0.F

It
(i) Select one of your isomers in part (i) above. Write a balanced equation to

show how this isomer could be produced in the laboratory. Include in your
answer:

* structural formulae and names of all organic compounds involved:
* the name of a suitable catalyst. (3 marks)
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Question 28.

Draw electron-dot diagrams showing the arrangement of all valence electrons in the
- following chemical species.

Describe the shape of each (eg: linear/bent/etc)

0OSClI, OPClI;
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Methane reacts with fluorine to form four different fluorinated compounds*

Question 29.

Write the names and formulas of all the fluorinaied methanes that are polar.
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Question 30.

The following table shows the solubilities of two amines in water.

Amine Methyl amine Dodecyl amine
CHsNH, CH3(CHz)11NH2
Solubility
(g/100 mL) 108 0.05
- Explain why their solubilities are so different.
Include a labelied diagram.
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The following table shows the solubilities of two amines in water.

: Methyl amine Dodecyl amine
Amine CH;NH, CH;5(CIL), NH,
Solubility (/100 mL) 108 0.05

Explain why their solubilities are so different
Include a labelled diagram.

marks §

° New solute-solvent bonds should be at least as strong as original solute-solute and
solvent-solvent bonds

. Both can hydrogen-bond, BUT dodecyl isomer has a long non-polar chain that can
only interact with H,O by dispersion force attraction,

° The new forces of attraction would be muech weaker than the bonds broken between

water molecules
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Three unlabelled beakers each contain the same volume of 1 mol L™ solution. The three
solutions are:

*  sodium hydrogensulfate (NaHSO,)

* sulfuric acid (H,SOy), and

* phosphoric acid (H3PO,).

The student is asked to identify the solutions. He is also given a bottle of sodium hydroxide
(NaOH) solution, a choice of indicators and is allowed to use any other item of laboratory
glassware. The student was successful.

How did the student correctly identify the acids?

Include equations to support your answer.

 Add measured amount/volumes of NaOH solution to each 1 M‘-\af 3 aé// /rI ; :

(burette / graduated cylinder)

el vt
Proliels g/é/,_,ﬂ/i ot o)
({

NaHSO, is monoprotic acid — will need 1 volume ;ﬂ; { u thown €y M)O

HSO,™ + OH > SO + I,0 ~ ,,ép:dsf peedde <

CH;S04 + 20H > S04 + H,0

[H;PO, + 300 > PO + 31,0

H,850, is dipr(—)tic acid — will need 2 volumes

£ ]

H3P O, is triprotic acid — will need 3:101ume§

Z 7 Mol acidl< .
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. Mf (7 marks)
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Quaternary ammonium salts can be represented by the R

—Year12-Chemistry 2010-Stage 3 Marking Suide

following structural formula. I +

If the alkyl group (R) is long then the salt acts like /N\ —
a soap or detergent. If it is short the salt has no H \ H Cl
cleaning properties. H

Explain these two differences in properties.
Include a labelled diagram.

) prlallled 1‘8&80115 = 3 or 4 marks

am = 2 or 3 marks

/° Grease is non-polar
/e Cleaning agent needs a long non-polar tail to stick deep into the layer of grease so
| that when the water is agitated and pulls at the polar head sticking out of the grease
layer the tail will remain bonded in the grease
/ o A short tail will not provide sufficient dispersion interaction
[ ° Causing the grease to break up i:-;to micelles/globules that can be rinsed away (not

required)

/

Positive
Cationic

- head
/

. The exposed negative charges
Non-polar hydrocarbon tail keep micelles from rejoining

(6 marks)

_i Italicised parts not required
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Question 33.

An electrochemical cell contains the two half cells separated by a porous membrane,
which allows ions to migrate through Each haif cell has a metal rod placed in a solution
of its nitrate.

. .‘ e -
L < \ e
o i Assume the

solutions are
Cr 1 mol L~

L]
[N RN
a

Porous barrier allows
- ions to pass through

t| Pb(NO3),

CrH{NOs)s
= solution

solution

(a)  Write the two half reactions that occur, their standard reduction potentials and
state whether each is oxidation, or reduction,

- b
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(4 marks)

(b)  Write the equation for the net redox equation.

2 ?\:M = TLery =7 30hyy F 2¢0% m% & @2mark

(€) What is the emf (electromotive force, or voltage) of the cell?

Eeg;_a?z: E; + gﬂie; = o724 a{~oo3yv 2 O.G) \/® (1 mark)

() Draw an arrow in the top box to show the direction of current (electron flow) in
the wire connecting the two electrodes. (1 mark)

{e) What change (or changes) will be observed in the cell?
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Question 34.

A student is asked to identify four arganic liquids, contained in four separate flasks.

Octene

Hexan-3-ol (3-hexanol)
Hexan-3-one (3-hexanone)
Butanoic acid

The student has access to any chemicals and glassware required.

Describe the tests that should be carried out, and the observations, that enable the |
liquids to be identified.
Include equations to justify the choice of tests. (8 marks)
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Question 35.

The following table gives information about two substances. Use the information to
determine whether each substance is acting as an oxidising agent (oxidant), or reducing
agent (reductant) and provide a brief explanation to justify your answer.

Substance Information Oxidant or reductant?
Concentrated | Reacts with Ox1da M_ k_",\
sulfuric acid copper to Why?
H2S0, produce sulfur ) N 2
dioxide. S changes Crom ('f &) Jf"e’Ld
Cebifny ) ; - T=
-5232 .S rw&m@% y . As Hyedant Q/
Hydrogen Reacts with T
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H20- produce v . Vs ﬁ
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(4 marks)
Question 36.

A student pours some silver nitrate solution into a bronze (copper-tin alloy) container.
is this wise?

Explain why, or why not. Include an equation. (3 marks)
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Question 37.

Vinegar is about 4% by mass acetic acid and is safe to consume in foods. The same
strength sulfuric acid is not safe to consume. Explain why. Include equations.
(4 marks)

Su\ \ (O\F I{_ O{C(-{,\ v o 5 "grﬂﬁﬁ AL Eﬂ! Qf'\f,g Cﬁﬁ’ﬁ?i?{' ‘E(j 1of \.S csS

c

in sah&ie A

_ - -

A2504 fayy =D M ragy v M5Oy cay) 0
. 'S _

NS0, gy Z2 Hicap & 507 c.y

B R &Lcluj\ is o w&’a}(\ acih et 0AG io @ﬂ(q
2 F - ttt /.‘ J
" seall extenl ¢ abood o (T

(HaCoo B 22 nt =+ e oo .. (1)

E;A\,{:.:,\.f'ig seieh e o mac o bekfe WY cperg ok e

SEENEXT PAGE 20

et e i e AT




20

Year 12 Chemistry 2010 Stage '3 Marking Guide -

13. Name, and draw structural diagrams for, the following organic compounds.

Compound

Structural diagram

Name

An isomer of
dibromobutane

2 +1
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1,1 —dibromobutanc
1,2 - dibromobutane

2,2 - dibromobutane

2,3 - dibromobutane

1,3 - dibromobutane

1,4 - dibromobutane
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An ester containing
4 carbon atoms

(0]
.+
[y

o0
H—c—c—cZ

I T NocH,

H—C %
N OCH,CH,CH;

methy! propanoate

ethyl ethanoate

propyl methanoate

The ketone with
the least number of
carbon atoms

241

H O
|
H—C-C-C—H

'H H

propanone

acefone
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SECTION 3 Extended Answers 6 Questions (70 marks 35%)

Answer ALL questions in Section 3 in the spaces provided.

Question 39.

Treatment of waste by-products in chemical industry 16 marks

In & chemical industries complex one production plant produces a waste caustic soda
(NaOH) solution, which it stores in a large pond. Another production plant produces
waste carbon dioxide. The chemical engineers decide to combine both wastes to
produce the environmentally friendly by-product, sodium carbonate, by bubbling the
carbon dioxide through the caustic soda solution.

2NaOH + CO, > Na,CO; + H-0O

The caustic soda pond contains 500 kL and has a hydroxide (OH") concentration of
1.00 X 107 mo! L™ (at 20° C). -

(@)  Whatis the pH of the solution? (3 marks)
P -1 -1
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(b)  Whatis the mass of sodium hydroxide in the caustic soda pond?

(2 marks)
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(c) What mass of carbon dioxide is needed to completely react with sodium

hydroxide? [If you did not answer Part (b) above, use a mass of 100 kg sodium
hydroxide.]

n(CO.L\ - i, ('R’:aOH) ;__ (4 marks)
=i, 5000 = 200 wl t
M {w,) = 26t . 2<V6-66 = 44,01 gque ™ |
m{0) = N XM= 2500 s 44i0) = HosaSy
:lﬁ_.__k% !

£ (Raon )= ool
5 e

wWlC,) = Kl
< P

(d)  The carbon dioxide is first cooled to 10°C (283K) and is pumped at a pressure of
200 kPa, delivering 150 L per minute.
How long does it take to complete the reaction? (5 marks)
P\J S Q:\_- i
1= 5% v w2
P =200kl P
2.3 = 23>
2= 8.3 - 2200858 !
N = 7 ] = 24400 \ |
iS'cL /M - |
Vo Ae = 28400 = (96 o
. lm S ——
) 1’C u&\wo;. \00\!‘5 Waoit
=95

()

The pond solution is still found to be basic with a pH of about 9. Assuming ail the
carbon dioxide has reacted suggest a reason why is it still alkaline.
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Question 40, 15 marks

Electrochemistry

The metal tin, Sn, is often used to surface coat steel cans to protect them from
corrosion.

(a) In terms of the mechanisms of corrosion, explain how this protective

coating works. _ 2
Te — Fe—L‘L + Zef = P ( markS).
On .y 248204 4€ =7 4OW mq) 3!
\)r L\ LY
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S ~2 gwt—“ - Zf,.: T =

(b)  Once the coating is scratched and the steel is exposed, corrosion actually
occurs more rapidly than if the tin were not there. In terms of corrosion
mechanisms, explain why this occurs. (2 marks)
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(c)  Asecond alternative for the protection of steel from corrosion is to
_galvamse with zinc. Give a chemical reason, with equation, why Zn galvanising
is not used to protect steel food cans from corrosion. (2 marks)

Zn = Zu\i_ *2& ceackS o Qm&m&, 9}5 .
paaite. e &5?&%"{7_:{ rodhown .
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People searching for silver coins and jewellery at the bottom of the sea usually find
them coated with the corrosion product silver sulfide, Ag2S¢s), a black solid. To restore
the silver coins ‘cathodic reduction’ is used. A possible celi for this process is shown in
the diagram below.

Hecovery of Corroded Sitver Coins

Fower Supply

®
- Coppes Bar
»
\ /o
\ | D 3% NGGH(EQ)
O
e 9
5\ k¢
N N Staintess Sieal Bar (Anode)
Comreded Silver Ceins {Cathode)
Atthe cathode:  Ag,Si, + 2™ — 2Ag(s) +$%ag) X2 & ieadd

Atthe anode: 40H7,,; — Ozg) + 2H;0 ¢ + 4e”

(d)  Write a net ionic equation for this reaction. (2 marks)
2 A G o S e 4 4’0}{_ > 4§ A Aray 2 51 - =t 5 .. =t 2—\’(-._@,,‘-‘ ~ }
v ’ G h & (&) e =

(e)  Atthe cathode a few bubbles of gas may also be seen. Suggest what this
gas might be and account for its presence in terms of the appropriate half
equation, '/} (2 marks)
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These recovered silver coins will re-tamish (Ag2S(s) reforms) when exposed to air.

(f A thin electroplated coating of the metal rhodium onto the surface will
protect the silver from tarnish. Give a reason why a thin coating of rhodium
protects the coins from retarnishing. (2 marks)

. { ] L
Y‘"‘Dcswkw. B kc\olﬁ- \\,.j&x;\ 9M ‘jwkgu;o.o. 62"))
edtar and o xy g R&Lm&j Sdoe—

(g)  The question above refers to “cathodic reduction™. There is a completely
different process called “cathodic protection™. Give an example of where
is it used and how it works. (3 marks)
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Question 41,
Production of phosphorus from fluoroapatite 6 marks

The mineral fluoroapatite [Cao(PO4)sF2] is mixed with sand [SiO,] and powdered
carbon in a high temperature furnace. The phosphorus is produced as a gas [P2], along
with carbon monoxide. The reaction actually produces calcium oxide [Ca0], which has
a very high melting point. This would make the mixture difficult to control. So, as the
calcium oxide is produced it reacts with the sand to form a low melting point slag,
calcium sificate [CaSiOs). This liquid slag is easily separated from the furnace.

‘The reaction occurring is:

Cap(PO4)s Fa(s) + 9SiO;(s) + 15C(s) >
3P2(g) + 15C0O(g) + 9 CaSiO; () + CaF,(s)

In a laboratory trial a 155 g sample of fluoroapatite (molar mass = 1008.62) is heated
-with excess sand and 25.0 g of carbon.

What mass of phosphorus would be produced? (6 marks)
Q\'g (POC\){‘, 1:1_ (9) il VS O _%?7. ("‘i\ r -
554 25:Cq
F\\A_& LQ -
SP,. - n (Ffi) = _.L = Ou@_@ ‘(RA(_X\ (moTLr‘) ﬂ(&?>: %;qu_
") % Bad.sli o odsded
é [~ Li v +
A2 = n(Fap) = 054 = 0.074 ! | i (C\) ~ 230

= 208 wol |
(‘o‘rg o LR i

il

8.2 w ()

n(f) = 2 nie)
< iy

= 0.21% 208 = 0,46 wol i
m (P = c.ae > (2x30.47)
= 75-77 o
= ZY’&.&\ ‘
o)
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Question 42.

Analysing an organic compound ' 12 marks
A certain organic compound is known to contain only carbon, hydrogen and oxygen.

The compound was analysed as follows.

> A 2.149 g sample was burned and the carbon dioxide produced was
bubbled through a barium hydroxide solution, producing 11.27 g of barium
carbonate (BaCQ3).

CO, + Ba(OH), - — BaCO; + H.O
> The mass of water produced by burning of the sample was 0.7721 g
> The compound was found to have a molecular weight of 150.1

(@)  Whatis the empirical formula of the compound? (8 marks)

C.?( R‘{ O;_ i O‘r il QO i + “1 6

o, 3 (&m@\‘n-_._' - gr\,C-Oi-,

a 60} = n (Ba (0) | W (Baco,) -
137-3 + 12,01 + <00
27 . .
n (&) > (o) = == = 730 g0l
7 175 3
= 0.05712 wac 1 m(’c\,: O.05UNLx Lo}

=O.L859 o |
j ~J
(,0) = 07721 4

wfd0) > 6 2] S O.0820u) )t w/W) T 0.087x {063
v T 0o w600 ' s ' {
=0.0F% (:?70{ 3 ’

w () > 2 (DY 7 0.0 857 wal |
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What is the molecuiar formula of the compound?

(2 marks)
G—{CL 0, \ = olx L4 Inl-b0R & 2xib-co
>+

S

= 'Pfh{_ * ad“d( 0:’ ml"\ l

M ( )= SO quel !
L WMF = LEF
= C.q,\’\;,@e 1

(c)

5

The compound is also known to be a carboxylic acid; that is, containing one
COOH group.

Write the molecular formula in the form of CxHyOz COOH (giving values for X, Y
and 7).

(1 mark)
C,,MQACOOH X=73
P i
Xz &
2=4 |
SEE NEXT PAGE 29




Question 43. 10 marks

Determining concentration of cerium (1) sulfate soiution by titration

Cerium is a metal with atomic number 58 that has, in addition its many industrial uses,
also many medical uses for its cerium (lil) ion.

Cerium (Il) ion can be converted to cerium (I1f) ion by hydrogen peroxide according to
the following equatio? J J .

szz + 2H" + 2Ce™ > 2H 0 + 2ce* Mmuk 24

A solution of cerium (II) sulfate was analysed by the foliowing steps:

. 50.00 mL of the solution was diluted to 500.0 mL in a volumetric flask
IE. 20.00 mL of this diluted solution was pipetted into a conical flask
HlE. About 20 mL of dilute sulfuric acid was added to the flask

V. Standardised hydrogen peroxide solution of concentration 0.05145 mol L™
was delivered from a burette
V. The following titres of the hydrogen peroxide were required for the
complete reaction: :
Titre Rough 1 2 3 4 5
Volume 35 35.40 34.55 35.50 35.45 3545
(ml)

' (a) Why was 20 mL of sulphuric acid added in step 11?7 Why wasn't some |
other acid added, say HCI? , (2 marks)

M0 was added pmm&m \4* M0 o + 2R £ 20 s 2k.0 s

l& RQ\M wg e C‘\‘/ Ma.-.\\uz— &%PM i

(b} Referring to the results in step V, explain why the titre value used in
subsequent calculations is 35.45 mL. (2 marks)

|
Do \f\q:A- WR \Qz:M;L MM.&LLJ;& I{— Euwﬁn...b_a \_’3)4)“5'&‘

v ;. = 25.40
Gae. MOM. cwtoty e w\\_{
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(c)  What was the concentration in moles per litre (mol L™ of the original
undiluted cerium sulfate solution?

{5 marks)
V(L) = 200,10 = 0.62000 |
¢ (Uo) = 0,051 aol7'
Y (o) = B35-4AT ) = O 93%aS L

T P

5
-"-\
x
l‘"
O
_/
g
'i....
p
I~
o
b3
har” |
Y

—

= 062343167 wol |
%in. & /'CJ"> = 2% L@P4Asio™”

wo |
= B.6478 <167 . . { i
] - =z ' ) .
e (C™) "L - BLUKSST o b igrs 0 “);)‘ |
~ O UTEE ’
. P !
widfzd el g\ ) v/@?"‘m\ = o0 ene g (L
Somgla 0923y s000,.8 - c(c,nm\ < $0:00:\5°
Q((«e. u:m—s-\ = ("‘%23 Mb\L i
{d) Calculate the value of the original undiluted cerium sulphate solution in
grams per litre (g L™)? (1 mark)
M(\Ce— SOQ‘\, = MO.H’SLG(, KA (00 * 2L
(50, = waMs URBx930g = 4305 4 |

c(cesa,{\} = 420.F 3!\_
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Question 44. 11 marks

The vanadium battery is being developed as an alternative to the iead/acid
rechargeable battery for use in electric vehicles. As a vanadium battery discharges the -
unbalanced, overall reaction is: =

3
VO; @ + Vg — VO™ g+ V' (ag)

€)) What is meant by the term ‘rechargeable battery'? (1 mark)

Coesn ijsiw»\ i '\hw\o\a.

(b) What kind of cell (primary or secondary) is a rechargeable battery?
(1 mark)

(€) What is the oxidation state of the vanadium in each of the species shown in this

equation? (4 marks)
f Vo, 45 v a2
VOT a4 VAN, of
" {(d) Using the half equation technique, balance the overall equation shown.
Show all half equations. (3 marks)
v oA, 2% |
| Vo talnt v = NOT & WO pe>

C e - U EXE
O, + W AN D NO T N r RO OLD&W%
(e)  While the cell is recharging identify the anode half equation. (2 marks)

PeOheS T OXADATLORD

O w K0 > NOY e W4T

End of Examination
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guestion number.

(o\ Mot ATWE

NO, Y LAY 2 V34 2w P>

o Fye

NPT 4 WO = N a2 428 X

Vot o NFaat— P Lot 4 W0 dedes

~

@

w\ﬂlm\wwp\ m)@o\:\ ¥
—_—
==

VA 9W o > NO,  + 4wt Lt

SEE NEXT PAGE 33



