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Section One: Multiple-choice 25% (25 marks)

This section has 25 questions. Answer all questions on the separate Multiple-choice Answer
Sheet provided. For each question shade the box to indicate your answer. Use only a blue or
black pen to shade the boxes. If you make a mistake, place a cross through that square,
then shade your new answer. Do not erase or use correction fluid/tape. Marks will not be
deducted for incorrect answers. No marks will be given if more than one answer is
completed for any question.

1. Old fashioned ‘smelling salts’ are made of ammonium carbonate crystals, which
decompose in an endothermic reaction to produce the pungent-smelling ammonia
gas. The decomposition equation is shown below.

(NH4)2COs(s) = 2 NHs(g) + COx(g) + H20(g)

Which of the following statements regarding this equilibrium is not correct?

(a) The reverse reaction rate would increase if the volume of the system was
decreased.

(b) The forward reaction would be favoured by having more finely divided X
ammonium carbonate crystals.

c).  The reverse reaction rate would be increased on a warmer day. v
@ More ammonia would be produced on a warmer day. v
2. The equation below shows the key step involved in the Contact process.
2802(g) + O2(g) = 2S0s(9) AH =-198 kJ mol!
Which of the following sets of conditions would increase both the rate and yield of
SOs(g)?
Increased rate Increased yield
2 High temperature Low pressure
@‘ High pressure Low temperature
Low temperature High pressure
(d) Low pressure High temperature
3. Considering only the information given below, which reaction is most likely to
proceed quickly in the reverse direction? R
T r
AH(forward) (kJ mol"')  Ej(forward) (kJ mol L) ZL/[LLRS ‘
(@) +850 875
+120 ' 645
() -95 730
(d) -545 90
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Questions 4, 5 and 6 relate to the equilibrium system below.

At temperatures greater than 1000 °C, gaseous octasulfur (Ss) can undergo an endothermic
decomposition to form gaseous disulfur (Sz) as shown in the equation below.

Ss(g) = 4 S2(9)

Some Sg(g) was placed in an empty rigid container and allowed to establish equilibrium at
1052 °C. At this temperature the value of K for this equilibrium system is 324.

4.

Once the system has established equilibrium, which of the following statements are

correct?
(N The total pressure inside the container will be constant. +«~
(ii) The pressure inside the container will be higher than initially. v
(iii) The colour of the gaseous mixture will be constant. v
(iv) The rates of the forward and reverse reactions will be equal. =
(v) The concentration of Sg and Sy will be equal. X~

(a)
_(b)

10

(i), (iii) and (iv) only
(ii), (iv) and (v) only
(D), (i), (iii) and (iv) only>

(d)

(i), (ii), (iii), (iv) and (v)

Which of the following statements regarding K for this equilibrium system is correct?

(a)
(b)

()

At equilibrium there is a higher concentration of Sg(g) present than Sx(g).
If the temperature of the system was decreased the value of K would
increase. »
The equilibrium constant expression can be written K = [Sg]

[Se]
The equilibrium constant expression can be written K = [S,]*

[Se]

Once the system had established equilibrium, various changes were imposed on the
system and the effects of these changes were predicted using Le Chatelier's
principle. Which of the following is not correct (i.e. the predicted effect on the
equilibrium position does not match the imposed change stated)?

v (@)

()
Ad)

Imposed change Effect on equilibrium position
Pressure increase
Removal of S
Temperature increase
Addition of Sg

LITT
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Which one of the following 1.0 mol L™ solutions will have the lowest pH?

a sodium hydrogencarbonate f o s
(b)) ammonium chloride N w0 2 NP0 = decer
C sodium ethanoate :

(d) sodium hydrogenphosphate
Water ionises according to the following reaction.
2H0) = OHY(aq) + HsO*(aq)

At 25 °C the concentration of H* is 107 mol L™ and the pH of pure water is 7.0. When
the temperature is increased, the pH of water reduces. Which of the following
statements below is correct?

@ The forward reaction is endothermic.
(b) The concentration of OH (aq) reduces, making the water more acidic. X
(c) The water is no longer neutral, so the pH of water reduces. S
(d) The concentration of the HsO*(aq) reduces. \Ne

Consider 0.25 mol L' aqueous solutions of the following salts;

NaHSO4 K3PO4 Ca(N03)2
fneeesSe s |
Rank these three (3) solutions in order of deeteasing pH (i.e. highest to lowest).

Q % > 7 2

(a) / KsPO. > Ca(NOs): > NaHSO,

Ca(NOs)z - lou > NaHSO. W > KsPO, "
(c)  NaHSO, > Ca(NOs): > KsPO4
(d)  NaHSO, > KsPOy4 > Ca(NOs),

The hydrogencarbonate / carbonic acid buffering system in blood helps to maintain
our blood at a pH of 7.4. Carbon dioxide (CO2) can be exhaled by the lungs and
hydrogen ions (H*) can be excreted by the kidneys to help maintain the delicate ~
balance of our blood chemistry. The equations for this buffer system are shown
below, along with the concentratlcins/?f the two main buffer components BYL@W S
HCOs(aq) 7+ H*(ag) = H:COs(aq) = H0() + CO: g)\\,@ 'F

0.0245mol " €7 0.0012 mol L=
Which of the following statements regarding this buffer system is not correct?

al. H.CO«/HCOs are a conjugate acid-base pair. )/
4@’, The buffering capacity is greater for a rise in H* concentration than for a fall in PN
=< H* concentration. Y
C A rise in H* concentration in the blood would shift the equilibrium to the rlght. v
(d) Increased breathing would decrease the pH of blood.

&{\,\\r Whod A

\’\cﬂac’

Cow s n&‘vb
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11. Consider the information below, relating to malonic acid (CsH404), which is a weak,
organic, diprotic acid.

CsHaOu(ag) + HO(l) = CsHsOs(ag) + HsO*(aq) Kat = 1.48 x 107

CsHsO4s(agq) + H20() = C3H2042‘(aq) + Hs3O*(aq) Kaz 1.10x 10®

Which of the following statements is true regarding diprotic acids?
(a) They have only 2 hydrogen atoms per molecule. X
(b) They have a lower pH than monoprotic acids of the same concentration. %

They are all weak acids.
(d) The value of Ka; is always greater than the value of Kao.

12. Consider the incomplete chemical equation shown below.
2 Cr(s) +§Cl03'(aq) + H*aq) — Cr*(aq) + HCIOx(aq) + H0(l)

When this redox reaction is completed and balanced correctly (using whole
numbers), the coefficient in front of H*(aq) will be;

= Gl oy e
@ B ¢ c(,og— * U= V\C1Q02 o Moo
*
J

13. Rank the following substances in order of increasing nitrogen oxidation number (i.e.
from species with nitrogen in lowest oxidation state to highest oxidation state).

&Y H i -3
l\fs N:.O HNO: NH4* N-
3 4 i z
(a NHs . < N2 < N.O < HNO, < : NOjs
(b) NQOs < N-O < HNO, <« N> < NH4*
(c) NHst < HNO, < No < NOs < N2O
(d) No < NH4* < NOs < N20 < HNOz

14.  Which of the following halogen displacement reactions would not occur under
standard conditions?

. Cl aq) + 2Br(aq) —» 2Cl(aq) + Brx(aq)
é l(aq) + 2 Br(ag) — 2 I(aq) + Bra(aq)
Cla(aq) + 21(aq) —» 2Cl(aq) + l2(aq)
(d) Br(aq) + 21(aq) — 2 Br(aqg) + lx(aq)
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15. In which of the following processes is chlorine being oxidised?

i
ii.
iii.
iv.

(d)

PC[3 + sz -— PCEs X

c + H:O — OF + Hgo +H

2@_ —> 2 + =

HCIOs + H;0» — HCIOs + H.O v
+< 17

i, il and iv only

i, ii, iii and iv
il and iv only

16. Which one of the following is the purpose of the salt bridge?

17.

18.

(@)

()

To increase the concentration of the ions in order to speed up the rate of the

reaction.

To allow the flow of electrons between the two electrodes.

To complete the circuit to allow ions to flow between the two half-cells.

To allow copper ions to flow to the zinc electrode

Which one of the following statements is false?

(a)

(c

(d)

The zinc electrode is the anode. v

The electrons in the wire move towards the copper electrode. v’

The mass of the copper electrode will ineseass. Ao

Positive ions in the salt bridge move towards the lead electrode. “

Which of the following reactions will occur spontaneously?

21(aq) + Bri(ag) — 2 Br ~(aq) + Ixaq)

Cu(s) + 2 HCf(aq) —  CuCfxaq) +
Sn(s) + Cd*(aq) —  Sn%(aq) +
HoO2(aq)  + Ni**(aq) — Oo(g) + 2H*(aq)

i and iv only
i only

iii and iv

iv only

PTO
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Question 19, 20 and 21 relate to the following information

An aluminium-air battery is a fuel cell that involves aluminium reacting with oxygen in the air.
The relevant half-equations are shown below.

19.

20.

21.

20u(g) +&H00) + 46 = |20H(aq)

[fAls‘f(aq) +l e = [,'LAZ(S)

This cell is described as a fuel cell because

(a) it is a sustainable power source that can be used to replace fossil fuels.
(b) both half-reactions are reversible so the cell can be recharged.
(c) it involves a gas as a reactant at one of the electrodes.

@ it requires the reactants to be supplied to the cell during operation.

Which one of the following is the overall equation for the cell?

(a) Al(s) + Oaég) + 2H0(f) — OH(agq) + A (aq)
(b) 4 AP**(aq) + 302(g) + 6 H.0() — 120H(aq) + 4 AL(s)
(c) A*(aq) + Ox(g) + 2H0(8) — 4OH(ag) + AL(s)

@4 Alls) + 30(g) + 6 HO() — 12 0H(ag) + 4Al*(aq)

The theoretical voltage obtainable from this cell is

1.88 V. 1€

by _J 2.08V. 4L
2.91V.

(g) 5.52 V. GW

22. The partially completed equations below show the various chemical reactions involved in

the synthesis of ethyl ethanoate. I -

Ko

Equation 1: CHxCH. + A 2 CHsCH:OH
Z
Equation 2: 3 CH;CH.OH + BCr02 + 16H* —» 3C + 4Cr* + 11
H.0
Cav 7Py

Equation 3: € + CHsCH.OH Q_ CHsCOOCH:CHs + A

Which of the following correctly identifies the unknowns A, B, C & D?

A B C D
(a) H-O 2 CHsCOOH H*
(b) ™ H20O A CHsCOOH catalyst 3/
(C Hgo 2 CH30HO H*
(d) H* 4 CHsCHO H20
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23. Consider the section of polymer shown below.

H H H H
H_(|;_H H H—-—C|)—H H H—(|3—H "H H—|c—-—H H
_____ O S NP S U R S
r|4 H-——(|3—-H +|+ H—(ID—H ||4 H—-——Cl)—H IL H—(|3—H
H—CIZ—H H—(ID—H H—(|3—H H—(|3———H
! ! ! !

Which of the following monomers could be used to produce this polymer?

(a) CH:;
s
H H \
)
HyC-—C==C~—CHz~CH; h &
() HaC

(@) HyC
HyC——CH—CH, C I O
\! | C'I, /C‘, —ni Y
CH, C -C -~ M; 1 :
['1 o 4 | i L CY&A
24. Consider the dipeptide below. 0y Chg ‘\m
HOOCCH(CHs)NHCOCH(CH,OH)NH Plan Ser”

Use your data sheet to identify which pair of amino acids below would form this
dipeptide.
72 . .
—:‘a alanine and valine
b valine and threonine
glycine and serine

PTO



25. Consider the following five (5) organic compounds.

() ( (i) ) (ii) ( (v)/ (W) J

S N

H  H H H H H H

| A A . ]
H—C—C—H H—C-—-—C\ H—C——C, H—C—C\ H—C——C—O0OH

ST TN TN T ] T
CHCHsy | CHiCOOH_~ CHSCHOX CHsCONHz __t  CHsCH,OH ,_t

Which of the following lists contain compounds that all have the ability to form
hydrogen bonds?

all of (i), (ii), (iii), (iv) and (v)
(b) (i), (iii), and (iv) only .
n

(i}, (ii), (iii) and (v) only
(d) (ii), (iv) and (v) only

End of Multiple Choice

PTO



SECTION 2: SHORT ANSWER SECTION
Answer ALL questions in the spaces provided below. This section is worth 77
marks 44%

Question 26 (8 marks)

Tuftsin is a tetrapeptide (a molecule consisting of four amino acid residues) which is
produced by the spleen. It has been found that peopie with low levels of tuftsin in their
bodies are susceptible to repeated frequent infections.of the skin, lymph nodes and lungs.
Low tuftsin levels can be inherited genetically or can be the result of a spleen operation. The
tuftsin tetrapeptide molecuie is shown below.

PTO
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Question 27 (8 marks)

Consider the equation for the following reversible chemical system. Gaseous hydrogen and
bromine were injected into an empty flask and allowed to establish gquilibrium at 25 °C.
—_— :

Ha(g) + Bra(g) = 2HBr(g) AH = -104 kJ mol!

The activation energy for this reaction is 188 kJ mol -'. The value of K. for this reaction at 25
°Cis 2.0 x 10,

(a) Does this question refer to an open or closed system? Explain. (2 marks)

(2marks)rz_
e systo~ - @
B m A ()

(b) What information does the value of K. provide about the; (2 marks)

(i) equilibrium position?

heawly, ¥»  Pe  rghk. ()

(i) rate of reaction?
No  Yaud b We  dees  nek  help
eoplon  He  wh oy He  jodd (1)

(c)  Draw an energy profile diagram for this reaction. Label the activation energy and the
enthalpy change. (4 marks)

g - (1
oG
equahien ¢ 6w'l. @

n
VN0

@Tsd)

E
A}

| 18F Ll

()

Potential energy

\
Q,&M 2N )

Progress of reaction
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One medical study has shown that some people have a genetic mutation which causes the
lysine residue in tuftsin to be replaced with a glutamic acid residue instead.

(b) ‘Draw a diagram of glutamic acid in zwitterion form and use this example to explain
what a zwitterion is.
(2 marks)

In the mutated form of tuftsin, the primary sequence of the tetrapeptide has been changed,
altering its function.

(c) In general terms, explain how alteration of the primary sequence of a protein can
affect its secondary and tertiary structures. (3 marks)
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Question 28 (10 marks)

Swimming pool maintenance uses sodium hypochiorite (NaCIO), to control algae and
bacteria. The swimming pool water can be considered as an equilibrium system as shown
below, where hypochlorite ions are converted in to hypochlorous acid (HCZO).

Cto(aq) +{/H:O%(aq) = HCIO@a)F+ HO® + HEAT

For best results, the concentration of the hypochlorous acid should be kept above 1.00 ppm.

(a) Complete the table by using Le Chatelier’s principle to predict, with reasoning, the
effect of the following changes on the concentration of the hypochlorous acid (HC2O)

in the swimming pool. (6 marks)
Prediction for any
Imposed chanae to the - .
Description Marks
system shifts to the left to 1
, produce H:O*(aq)
Increasing the pH of the decreases 1 to oppose the reduction in
H.O*(aq) caused by the increase 1
in pH / concentration of OH- ions
, endothermic reverse reaction 1
fr;cr;easmgf the temperature decreases 1 favoured
orthe poo to oppose the increase in heat 1
Total | 2 4
(b) (i) If the concentration is 1.50 ppm, calculate the mass of hypochlorous acid in a
pool that has a capacity of 120 6686.litres. (Assume 1.00 L of pool water has a
mass of 1.00 kg) (1 mark)
1-S malle o - 1§ oq .
Py
< @
(i) Assuming 60% conversion of sodium hypochlorite to hypochliorous acid,
calculate the mass of sodium hypochlorite that would be required provide this
mass of hypochlorous acid. (3 marks)
ﬁ(h@g)lg@ = %G mel — 5 718 mol
~6oYe

L4-2€ X10% e

PTO
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Question 29 (6 marks)

Biodiesel is a fuel that can be synthesised from natural oils and fats. The molecule below is a
triglyceride present in vegetable oil that can be used for this process.

H

‘i’ j
C=C —(CH,),~CH,

H
11
C—C—

i

H
g
H—C =0 —C—(CH )~ C=C~—(CH,),—~CH,

H

Biodiesel can be synthesised using a base-catalysed reaction with methanol. The triglyceride
breaks down into fatty acids and these undergo esterification with methanol to form methyl
esters. The methyl esters are the main components of biodiesel.

(@) State why the compound above is described as an unsaturated oil. (1 mark)

b Contasaf  double  bonds . (1)

(o)  Draw the structural formula of the methyi ester formed from the section of the moleculg

circled in the above diagram. Maﬂﬁ@

0
_.,c—(C“b o, —Cug

M»c O < _
(c) Name a catalyst that can be used in this process. (1 mark)
Naod & empwe n
() ./
(d) As well as the methyl esters (the biodiesel), there is one other product of this reaction.
Name and draw the structural formula of this product. (2 marks)
74
\
w-C —CH
l
n-C-on ()
\
W —C —Ch

Name v q‘U\M ( ®
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Question 30 _ ’ (6 marks)

Ammonium carbasate can decompose in a reversible, endothermic reaction, according to
the chemical equation shown below.

Weok § NH.COONHo(s) = 2NHs(g) + COx(g)

(a)  If the total volume of the system was decreased, state the effect this would have on
the equilibrium position and note an observation. (2 marks)

equilibrium position: P('GSL{V‘Q-T Favm (gss md&’g‘
Shift bt lofi

observation: -
Mo sobid would  be  Prdancod .
(b) If the temperature of the system was decreased, explain the effect this would have
+on the equilibrium in terms of reaction rates. (3 marks)

o v
Ve (vtrse A/éi/,/—o'nﬂ and %(mm{ feaCton (a}ey N bﬁ% gbwf Q)

af by pocticly will haw Hu rmmaf Mt oy e tfo 2
%;rc!bzfe@m hinhi gy A4 hz/ )’fwmra{ Ceackion ﬂow S
Mote r”/vm fo popae rM&h[m olug o M andlo theanic halurz, md!
hene Yo copr coattivg will b shM%iﬁu%r then Pl A’(mﬂr{

/fac 0 p%si yﬁ bine éwfmra, éémbénm rse,aﬂnlpwhd ‘ﬁwf gy
‘%ﬂ AT 8% /F&{}’Nk loe j;w’cm/‘rw{ Q’ﬂl AflJNt" Q@Aﬂ Vﬂﬂw

(c)  One of the products of this decomposition reaction is carbon dioxide gas. Write One
chemical equation that illustrate how increasing atmospheric CO: levels may
contribute to ocean acidification. (1 marks)

. CO2 & N0 = W03 +How 2 WCog™ +MUgo T

- 7N
/.
otc &l

PTO
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Question 31 (9 marks)
Sodium stearate (CH3(CH2)1sCOONa) is a soap.

(a) Using a diagram, and your knowledge of intermolecular forces, explain how the
polarity of the stearate ion enables the soap to remove grease from a surface.

gl e (4 marke)

MW/@/M C) aw, ——(cn}; i@ 5 Nat

o

Description Marks

diagram showing the polar and non-polar regions of the stearate ion 1
the non-polar part of the molecule forms dispersion forces with non-polar dirt/ 1
fat/oil
the polar head of the molecule is available to form dipole-dipole bonding with
water !
therefore, the dirt/ fat/oil becomes water soluble and can be washed away 1

Total 4

(b) In hard water, soaps can form a precipitate of calcium stearate (scum).
() Write an ionic equation, including state symbols, showing this process.
(3 marks)

ca”" +Zé,c—(cﬂ~cu) > calco ﬁ{cué
O © G

(i) Describe two problems caused by the formation of scum. (2 marks)

'> A

" ~Chops e Coanung [/ Panmung acksy o Soaf
% é‘ loaves oan W\S«,\s\)l}% resid e
@ UseS wp He Suap
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Question 32 (6 marks)

Hydrofluoric acid, HF(aq), is a colourless, highly corrosive solution, used in the manufacture
of many pharmaceuticals. Hydrofluoric acid has a K, value of 6.76 x 10

(a) Write an equilibrium constant (Ka) expression for the ionisation of HF in water and
explain what information the value of K, provides. (2 marks)

expilain wridat uuunnauvf;ﬁ-ra e T

LFagl CYaD'am) 7

o - € eacy)

e smoll . wlue mears that HE Jdoesnt (ontse,

Pllu in wokes and s hance o weal M.ld v/
»)

A student was given 0.500 L of a 0.250 mol L' hydrofluoric acid solution and instructed to
produce a buffer.

(b) What substance could the student add to the HF(aq) to produce a buffer? Explain
your answer. (2 marks)

The shduk cold oo golion fluariole (WaF) . Thdis lhecomse e
Naf il disve v webtr ond F7 v wil be e of Ha rodkicly
F o K vede Conjigple borc wtvaw He, o 1o PG
a bnller slubim woavidall ore-dd @

(c) Write a chemical equation for the buffer system that would.be formed and label the
conjugate acid-base pairs. QDQ ( | ijuéal’e aceh (2 marks)

UF & Von = Wgot 4+ £7
A (¢ d C Of\&u\‘ﬂ(}k@
L ) bese

PTO
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Question 33 (8 marks)

Below is a representation of an electrochemical cell used to measure the standard reduction

potential for the Ag/Ag* half-cell.
5 <> / .
, eock®”

Hydrogen \
gas / ]

Salt Bridge

Silver
~ electrode

Platinum
Electrode ™

\\oo :

1.0 mol -1 HCE 1.0 mol L' AgNOs

(a) Give the half-equation for the reactions occurring at the anode and cathode and write
an overall redox equation for the reaction occurring in the cell. (3 marks)

Anode half-equation:

Woey & MY +2e”

Cathode half-equation: .
Ihgtat e > Ay i

Overall equation:

Wog +2hqt — 2nd Az B,

(b) Use an arrow to show the movement of electrons in the external circuit on the
diagram above. (1 mark)

(c) Explain why 1.0 mol L™ sulfuric acid is not used as the electrolyte in the hydrogen
half-cell.(2 marks)

MeScke A shamg Yha, | Mef < lon  Cenc
b even .. nde a taor {o@

(d) Apart from the concentrations of the solutions, state two other conditions required to
achieve an accurate measurement of the standard reduction potential for the Ag*/Ag
half cell. i (2 marks)

Soume  pvesiure 0

Coave  leapeahwe @

PTO



Question 34 (9 marks)
But-2-ene is produced from crude oil and its main use is in the production of petrol.

(a) Explain why but-2-ene exhibits cis-trans (geometric) isomerism while but-1-ene does

not.
(38 marks)
but-1-ene but-2-ene
LT L
C—C—C—C—H H—C—C=—=C—C—H
/ [ ] T
H H H H H

but-1-ene has two identical H atoms attached to C1, therefore if they are swapped

no alternate isomer is formed he .
but-2-ene has two different groups attached to both C2 and C3 -
therefore allowing trans conformation (which is shown) as well as cis tuo d‘;‘ﬂ'&’%
conformation ,_|| T T T - %
H—C—C=—C—C—H ) i;QJfL,QJ-.
} }

A chemistry fact sheet about but-2-ene stated, “But-2-ene is often used to produce the
solvent butanone via hydration to butan-2-ol followed by oxidation”.

(b) Elaborate on this statement, by giving a brief description of the reaction processes
involved and using chemical equationg to illustrate the reaction sequence described.

w (6marks) Y InCludbing  wwy - redox /v egouelher,
oo b o hh an
da—C &= -
: ) 7~ Y ’
) czc’ T S SE X S—— A
Hyctahon W " cad ,.C/ ~; b C—in @
. , i
ao\(%;\hﬂ:;\ o _bit-2ere W veuls ) Qu}m"_zﬁf,
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Question 35 (7 marks)

A student was investigating the equilibrium between the brown gas, nitrogen dioxide (NOo)
and the colourless gas dinitrogen tetroxide (N2O.). The gases were contained in a syringe.
The syringe was suddenly squeezed to reduce the volume of the system. The temperature
of the system was not changed. The equation for the equilibrium is shown below.

2NOs(g) = NoOs(g) AH=-57.2kJmol"

(a) Write the equilibrium constant expression for this reaction. (1 mark)

N

K= _CLZQ;“:D;
CNO2)

(b)  Complete the following graph to show what happens to the partial pressures of

nitrogen dioxide and dinitrogen tetroxide as the syringe is squeezed and the system
responds to the change by re-establishing equilibrium. -~ (8 marks)

® fh unolal @

=3 f
% QX\?}}‘S%) — SWQ 7% @ @
a
S
E [NO2] : /\ »
| X
{
[N204] @ @

Time

(c) Explain, with reference to reaction rates and collision theory, the shape of the graph

drawn in part (b) . (3 marks)
7 Cr o o~ N T | ~ e~ m o
Description Marks
more collisions so the rates of the forward and reverse reactions are both
increased 1
the rate of the forward reaction is increased more than the reverse reaction 1

over time, the rates of the forward and reverse reactions become the same
and equilibrium is re-established

Total 3

End of Section Two
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WESLEY COLLEGE SEC3 73

EXTENDED ANSWER SECTION

’S NAME
"
CANDIDATE P

NAME OF YOUR TEACHER:  .cccvvuinrinsricssvnsvserasessanens

Instructions for Section 3:

Answer ALL 5 questions in Section 3 in this booklet. Remember all final numerical answers
need to be corrected to three (3) significant figures where appropriate, and you must also
provide correct units where applicable. Clear reasoning needs to be shown and failure to do so
will result in loss of marks.

This section carries 73 marks.

PTO




PTO



Section Three: Extended answer 42% (73 marks)

This section contains five (5) questions. You must answer all questions. Write your answers
in the spaces provided.

Question 36 (émarks)
‘Nylon 4/6’ is a polymer which can be obtained as a fibre, film, rod or sheet. It has wide
ranging applications owing to its high heat and chemical resistance in comparison with other
nylons. It is most often used for electrical and electronic components, in particular those that
must withstand high temperatures for a long period of time.
A segment of nylon 4/6 is shown in the diagram below.
H - | H H H
~——N~—CHz~CHz~CHz~CHz~N~——C~—CHz-CHy~CHy~CHzyC—N—CHzCHz~CHzCHy N——

o O

(a) Nylons have the ability to form hydrogen bonds between polymer strands. How does
this bonding affect the physical properties of nylon polymers?
(2 marks)

N bondS  tnoeale  Mhe  Shenchh o He  hbés
and.  weaea 2f e Mgy + fp d the
Cibves | cesvel \jear & boor v/ chamg

(b) Draw the two (2) monomers from which nylon 4/6 is composed. (2 marks)

" h g
| ’ £ Chp—cMl,~ Cp= Ty —C
h~ N&HLA -y ~Chy— N-h wo A Clm M He S

(c) Name and briefly describe the process by which these monomers are able to form
this nylon polymer. (2 marks)

Condonsohio p&gmﬁw Q)
oSS ok a_Woo  odleculo ()

ou loss ok Cadooxtic acd asd W Lo amine gouf
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Question 37 (15 marks)

Ammonia (NHa) is produced industrially by the Haber process. Ammonia is an important
chemical, particularly in the agricultural industry, where it is used to produce many different
types of fertilisers. The Haber process involves the reaction between gaseous nitrogen and
hydrogen to produce ammonia. The nitrogen gas is extracted from air, whilst the hydrogen
gas is produced via the ‘shift’ and ‘steam reforming’ processes, using methane from natural

gas.

The two equations below can be used to summarise the chemical processes involved in
industrial ammonia production. Step 1 represents the overall process that produces
hydrogen gas from methane, and Step 2 shows the subsequent reaction with nitrogen gas to

produce ammonia. \}0 ‘7 i
) CHa(g) + 2 H:0(g) = 4 Hz(g) + CO2(g)
@ Na(g) + 3H2(g) = 2 NHs(g)

The conditions for Step 2 are optimised for both rate and yield of ammonia production. A
pressure of between 100-350 atm is maintained and a moderate temperature of 350-550 °C
is used, in conjunction with an FezO4 catalyst. Using these conditions, a yield of 20-30% is
obtained for each reaction cycle, but the overall yield is much closer to 100% due to the
continuous cycling of unreacted materials back through the chamber.

If 311 tonnes of nitrogen gas and 71.0 tonnes of hydrogen gas are injected into a reaction
chamber with a 25 000 kL capacity;

(a) Calculate the initial pressure inside the reaction chamber if the temperature was

maintained at 450 °C. : (4 marks)
Tt it ‘
MCNagy) * 3100 i bty
gl 0
o) = 7.08 (O 4 4.0l
< ].l [0:—H0\ - A
V=250 L , My e
8.1 S
T = —‘?13-|S-k\ .’_/"/ :;\\. ©
1009 -1

s
:u moley GL Ins = 4.6'[0 g

N # nRT

e /\ut/ |
3 3 Ty S > L el
@uo) L (83E) 723 1> Wk

2.5.\0F

= “ O‘lg—kpﬂ

27
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(b) Determine the limiting reagent. (2 marks)
-
n(NA = |10y xlo = mel/
V\CVHB » 35218 xlo 7 el

n(Ne) reats w2 xnCNL) o M
{

3,3 (\rw/ S

)

Ne v LE

After one reaction cycle, the yield of ammonia was determined to be 25.7%. This ammonia
was removed from the chamber, liquefied and pumped into cylinders that each hold 400 kg
of ammonia. These cylinders are used to store or transport the ammonia.

(c) ‘How many cylinders would you need to store the ammonia produced from one
reaction cycle? (4 marks)

4 ™
n( NN = 2 xA(NL) = 2zx 11eTia o
( - 9. 21429k ol

ZS G Yu(d

c——

2. 21428xl6 x O°ZST ©

564 10 ¢ mal
i, MaSs Ny  produced ?
. S6a Xt x(/ni?ioy‘q;mp :QC%‘QFHS x10 g
| Lo 0,000

i

24475 Ct’)‘ (nclesd
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" If 150 tonnes of methane gas was used to produce the 71.0 tonnes of hydrogen used in this
reaction; .

(d) Calculate the yield of Step 1. (3 marks)
( . g
\6 x10
150 o 938 el
160t

n (W) - San(o)s 374G
nCHz) = T7S2q few  Shouldl ke

anmm
0/" Y/@!\"(’ _ll, X lg0 = 0]Lp~\é Yo
-15 34

(e) Give two (2) reasons that may have contributed to the yield of Step 1 being lower
than 100%.

(2 marks)
CW¢ nodv bewng a  puee gas ha$
olhe, 6;&] -

PTO



| (20 )
Question 38 (22mmarks)

Aspartic acid (C4H704N) is a diprotic a-amino acid. Aspartic acid has solubility of 4.5 g L at
25 °C and a K, value of 1.26 x 10*. Aspartic acid increases resistance to fatigue and is often
found in food supplements, especially those used by athletes and body builders.

A chemist was asked to analyse the contents of a food supplement to check the
manufacturer’s claims that it contained wspartic acid by mass. To check this claim,
the following experiment was carried out. (It can be assumed that aspartic acid is the only
active ingredient in the supplement)

1. 1.546 g of the supplement powder was weighed and dissolved in warmed distilled
water in a beaker.

2. The solution was transferred to a 500.0 mL volumetric flask and was made up to the -
mark with distilled water.

3. 25.00 mlL aliquots of the resulting solution were titrated, using phenolphthalein
indicator, against 0.0570 mol L™ sodium hydroxide solution.

\ 546
: <,U4V The results obtained are shown below.
Burette readings Titrations
(mL) 1 2 3 4
’Z;r\ Final volume 20.30 40.05 19.80 39.50
o 5 i,
l&‘ o a\q’U Initial volume 0.00 20.30 0.00 19.80
Titration volume -y T _
15 (ttre) 26-36 [ 14-15 | 1480 M0 ) Oy
Gcc‘l ~ , )
10.71S (av
- (a) Calculate the percentage purity of the supplement. 7 marks)

60516 x 0-61@" S = 0002575 pcy ()
x nCon) = <629 x19” % mol ()

n( Nagw) = Cxv =
’\(dipvt\rtc C\c«‘of) = 4

o

N tabled SO0 x n (aca) = |-1126 XlO’Z o |

2S

1 2€¢ ki’

Yo

m (Srspane G cer )

[ ™
k(,q, M’IO CGN >
Y

x 133103 = | uat g

l Lag xlg 0= O‘éq o/o
54l

E s
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A puye sam@e/ an amine (gontaining only the elements carbon, hydrogen and nitrogen)
was/analysed to determine jts composition. The amine was combusted in oxygen and
protiuced 6.43 g of carbor/dioxide, 3.93 g of water and 2.04 g of nitrogen gas.

(d) Calculate the ephpirical formula of the amine. (7 marks)

,,,,,

(e) Did this analysis Wm information to idehtify whether this amine is one of .
the monomers us roduce nylon 4/67 Explain. (2 marks)

PTO



changes colour at between pH 4 —5. In Step 3, predict and explain the effect
on the final result if methyl orange was used as the indicator instead of
phenolphthalein. (3 marks)

AsPed Re QCQC)\\-C;/R

R@S f": \,\dmacbde W - .S){'O‘ij
3 (Jcc'd-oc-ec)\ o e equivel

\‘\ RBecavre &k e (HINES

e NaOW i cdehed pul

vsed e e ok g

befoce tle egonalence P

woler of Agelhe add

acld  woulel | SIUNNEES

(c) () Due to the low solubility of the aspartic acid, it was suggested to the students
that they use a ‘back titration’. This would require the addition of a known
amount of sodium hydroxide (in excess) to the aspartic acid and the titration
of the unreacted hydroxide against a standard solution of acid.

Sodium hydroxide solution with a concentration of 0.978 mol L™ is used and
there is a standard solution of @480 mol L' hydrochioric acid available.

\-00
There are three pipettes to choose from (20.00 mL, 25.00 mL or 50.00 mL) for
adding sodium hydroxide solution to the 1.546 g of the supplement powder.

Calculate which volume pipette the student should use to add the sodium

|
W ’
(®) Phenolphthalein changes colour at between pH 9 —10. Methyl orange
hydroxide in order to get a titration volume (titre) of approximately 20 mL of

the hydrochloric acid. (7 marks)
? n(hawd > VS gopiierf a
BN 133 1\ ’ (")
ey Co 2 s D222 M VAN
NOA)Y) = 7 & - w

vCiem) - N . 00232 972718 ™ = eaud.
< 6 a1k N

—/

Covy= 0 ¢ Ly |
use CDQ‘(’W v _EZ%K ” P%C? o @
folal vlome - @y n ()

20 v\ MWLL - 6L x| = 062 ™cf @
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T/ Bl ovolume _[NaOA eclod
// o ,/237§ 7
[

/
/ Y 20w [ N\
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o

l mcm/(c‘k S ule %e/ S//V"t‘ /)
4 U

(b) Consider the method used in this experiment.

(i) In Step 1, suggest a reason why the distilled water was warmed. (1 mark)

The  oacxeal  Ne  siubn lh o acedd /\\

(i) In Step 2, the solution was transferred from a beaker into the volumetric flask.
Explain why this process could be a source of systematic error. (2 marks)

SoYVe Solld Couldh  veprafim tn 'Mfu EQaJ«@'@
Soyv¢ U"‘Ou}l’ﬂhf Could. Y in o HNary @
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ofie

@6@7 Phenolphthalein changes colour at between pH 9 —10. Methyl orange

changes colour at between pH 4 —5. In Step 3, predict and explain the effect
on the final result if methyl orange was used as the indicator instead of
phenolphthalein. (3 marks)

7

Qﬁ - ’[‘ Euiolow (}\
ot
pU; T lewt panf moply

omre,
The pad poink LOWD Gppear kol p the
equunalento  pount @

The @nC o Aubl Umitd qppopy USr
oA % apjogtic 6 Wl be [pS(

@ & Due to the low solubility of the aspartic acid, it was suggested to the students

éﬁ’ﬁl‘l) that they use a ‘back titration’. This would require the addition of a known
amount of sodium hydroxide (in excess) to the aspatrtic acid and the titration
of the unreacted hydroxide against a standard solution of acid.

Sodium hydroxide solution with a concentration of 0.978 mol L' is used and
there is a standard solution of 0.100 mol L* hydrochloric acid available.

There are three pipettes to choose from (20.00 mL, 25.00 mL or 50.00 mL) for
adding sodium hydroxide solution to the 1.546 g of the supplement powder.

Calculate which volume pipette the student should use to add the sodium
hydroxide in order to get a titration volume (titre) of approximately 20 mL of

the hydrochloric acid. (7 marks)
n( Acid\ = 1S4 - o oll£lS ™ql (1)
4 N—
[33.103

—aloi)> 2 ufpca) = 00232 mel [

Vi) -0, 0022 » P3IS ml |- Epurialesc pank
aT1g | ()

N

[
ZDMGM(«WLM) s 0 x>z 002 mol m

A

Vo W ¥

Toll Ve - wudaml ()
LS oml pepet ()

r€

Lo




(ii) Explain why having a titre of less than 20 mL could increase the random error
in this experiment.

(2 marks)

Y% enpr  wold e 6mkfﬁ/ craler Udlune,

e ml % ovr wih pos Wt 7 0000 = S
o USed T

20my v wme - 008 xip - & =25k

20 028 %
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Question 39 (18 marks)

Oxidation involves the loss of electrons from a chemical species. Redox reactions involve
the oxidation of one species and reduction of another species. Electrochemical cells,
including galvanic and electrolytic cells, consist of oxidation and reduction half-reactions
connected via an external circuit.

The following situations all involve a species being oxidised.

An iron nail slowly dissolving in a solution of copper(ll) sulphate.

2. The dissolving of a piece of impure copper at the anode of a cell used to purify
copper.

3. The reaction occurring at the anode of a galvanic cell made up of zinc metal in

aqueous zinc nitrate and tin metal in aqueous tin(ll) nitrate.

Using the following headings and using only examples from the above situations to illustrate .
your explanations, and including equations and diagrams where appropriate, compare

(i) spontaneous and non-spontaneous reactions. ' (6 marks)
(ii) galvanic.cells and electrolytic cells. @ marks).
(iii) weak and strong oxidising agenis. G marks)

() Fe, + Coas = 3. 1+ Cupn, Hos s O
7/ M 1) . o/ N | i
o gPQqsm.A.2945 ('MOAM_QCM\ reacheo, ’ -Fe v q @

A \a

d;_fparp/ ¥ G . /m.'"
o Y P w I
|

A ndv\sp,migmem, ’
G/\rtadmn (o happe.~
Len ualhc}o U Sfplee .
@ At ho ancde  Copper dsser  Cu g, "")(‘a_z&é L 22"

(“\ The exortle %axg)'v an_ewmpe ol an Mesal b b
QAU":\)}) A5 noedod U
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Question 40 (1q¢marks)
Banana oil contains an ester which gives the oil its distinctive odour. A series of experiments
were carried out to determine the formula of this ester, which was known to contain just

carbon, hydrogen and oxygen.

1.51 g of the ester was combusted in excess oxygen and 3.57 g of carbon dioxide was
produced.

A second sample weighing 2.11 g was combusted in excess oxygen and 2.04 g of water was
produced.

(a) Calculate the em'pirical formula of the ester. @marks))

C n @)

n(CO,)Y  3ST _Nizer - 0 -97¢ 5 ()
/ Cé(é ~

%

o= 0974 yjop= 6533
1Sl 0

nCU0) 2-04 _ 1132 me x2 = g 226¢
|§- ot . Jo 100!
022€% ¢ 0
U - oags 1081 Y ()
2.1

P

C P - lov— (64-S33 » W0§l) - Zcﬁeqv.
)

g
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A third sample weighing 0.401 g was vaporised and the gas produced was found to occupy

a volume of 162 mL at 150 °C at 67.0 kPa.

From this information, prove that the empirical formula of the ester is the same as the

molecular formula. (ﬁ’marks)
n:=0/ - (706X0162 0 OQRf el
{
© g e x Lrd
M- . 0%l = 12993 g fme| (D)
A 6 0030 =~ <
ML = Mdor mass 136 - |
" Smpiv ey - T4 A

Y
;a m “’l = C—, M lq O 2 @
(c) (This ester can be synthesised from an alcohol and a carboxylic acid. The alcohol
required is 3-methylbutan-1-ol.

Draw the structural formula of the ester present in banana oil. (Zmark)
and__ namve_

n

H H h
[ 1

h
} \ :
N —C—C - -0
uC ] ) iC\O/iC\’ C\' @
-C-
)

“ h 0 n O hn

%—N\d‘h\g‘ b "\3) eanoohe (D
End Of Exam !
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