Chemistry 3AB

Semester Two Examination, 2011

Question/Answer Booklet

NAME: SOLA;D A S

TEACHER:
Marker use only

Marks Marks

Part achieved available

1 Multiple choice /50| 50 (25%)

2 Short answer /70 70 (35%)

3 Extended answers /80| 80 (40%)

TOTAL 200 (100%)

Time allowed for this paper %

Reading time before commencing work: Ten minutes
Working time for paper: Three hours

Materials required/recommended for this paper

To be provided by the supervisor
This Question/Answer Booklet
Separate Multiple Choice Answer Sheet
Separate Chemistry Data Sheet

To be provided by the candidate

Standard Items: Pens, pencils, eraser or correction fluid and ruler

Special Items: A 2B, B or HB pencil for the separate Multiple Choice Answer Sheet and calculators
satisfying the conditions set by the Curriculum Council for this subject.

Important note to candidates

No other items may be taken into the examination room. It is your responsibility to ensure that you
do not have any unauthorised notes or other items of a non-personal nature in the examination
room. If you have any unauthorised material with you, hand it to the supervisor before reading any
further.



2 SEMESTER 2 2011
Structure of this paper
Number of | Number of Suggested
. . o Marks
Part questions | questions to be | working time available
available attempted (minutes)
1 Multiple choice 25 ALL 50 50 (25%)
2 Short answer 11 ALL 60 70 (35%)
3 Extended answers 7 ALL 70 80 (40%)
Total marks | 200 (100%)

Instructions to candidates
Answer the questions according to the following instructions:

Part 1: Answer all questions, using a 2B, B or HB pencil on the separate Multiple
Choice Answer Sheet. Do not use a ballpoint or ink pen.

If you consider that two or more of the alternative responses are correct, choose the one
you think is best. If you think you know an answer, mark it even if you are not certain
you are correct. Marks will not be deducted for incorrect answers.

Feel free to write or do working on the question paper; many students who score high
marks on the Multiple Choice Section do this.

Parts 2 and 3 Write your answers in the spaces provided in this Question/Answer
Booklet. A blue or black ball point or ink pen should be used.

Questions containing specific instructions to show working should be answered with a
complete, logical, clear sequence of reasoning showing how the final answer was arrived
at. Correct answers which do not show working will not be awarded full marks.

The examiners recommend that you spend your reading time mainly reading the
Instructions to Candidates and Parts 2 and 3.

At the end of the examination make sure that your name is on your Question/Answer
Booklet and on your separate Multiple Choice Answer Sheet.

Chemical Equations

For full marks, chemical equations should refer only to those specific species consumed
in the reaction and the new species produced. These species may be ions [for example
Ag’ 2], molecules [for example NH3(), CH;COOHj),, CH3COOH 49 or solids [for
example BaSO4(S), Cll(s), N32CO3(S)].

SEE NEXT PAGE
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PART 1 (50 marks =25% of paper)

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. Marks
will not be deducted for incorrect answers. Each question in this part is worth 2 marks.

1.  Which of the following elements has the highest second ionisation energy?

——E
-

N

(@ Calcium  (2,8,8,2)
(b) Magnesium éjzlgl’z) . " Ao it
(c) Potassium {255; eg,t) \j 2ad ¢ e Futisiel

. n gy
Sodium (_.g..ﬁs?)\ 4

t g%i‘f ﬁa&sﬁgf” b

2. Anelement, E, is able to react to form both ionic and covalent compounds. How
many valence electrons would its atoms most likely possess?

P

£ ¢ ¥
I i“,
N e

(@ 1 1 Tpr i\dﬁ 5{;\‘,{;{ ip fid

®) 2

© - |
Y.

PR T
d) 8 = pAuAl TEE

3. In which of the following pairs of atomic species is the first species larger than the

nd species? - iy
second specie s gl

(a) sodium ion sodium atom )

cq . . prdic she 5?—§ (c:(/;;c’f'

(b) oxide ion sulfide ion—

@ calcium atom magnesium ion
(d) -~ potassium ion  potassium atom

/ { - iim
pote geeify  loX € ST

-

4. Three of the following species have the same number of protons. Which has the
different number of protons?

(@ carboniumion CHj"

qQ
neon ion Ne" 10
(¢) fluoride ion F 1
(d) amide ion NH, 4

SEE NEXT PAGE
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5. Which of the following statements about graphite and silicon dioxide is true?

Both have atoms bonded together by sharing electrons.~
(b) Both have delocalised electrons.x
(c) Graphite has a very high melting point while silicon dioxide has a very low
melting point.x’

(d) Silicon dioxide is ionic while graphite is metallic. X

6. What is the shape of a water molecule?

(a) Linear o * Y

Bent (V—shape)

(¢) Pyramidal
(d) Tetrahedral

7.  Which type of bondini is not present in solid hydrogen chloride?

%am\ "'-v(a) covalent 4@¢§ﬁg{5¢g§j a &P{w{é(\m(f \oeiuo‘-’?ﬂ

pee - . I

\o! wd” (" (®) dipole - dipole bord aed  iabermolecalar Corce
{{365‘ ? (c) dispersion force

. hydrogen bonding

8.  The boiling points of a family of trihalomethanes (CHX;) are listed below.

trifluoromethane CHF; -84 °C H
trichloromethane CHCHh 62 °C ‘

— o C ~
tribromomethane CHBr; 150 °C / \ X
triiodomethane CHI, 330°C ) R

The increase in boiling points moving down the list is due to an increase in the
strength of:

(a) covalent bonding.

! E L)
. dispersion forces. remo vl atoact A

—
(¢) dipole-dipole (ll)ondmg )

(d) hydrogen bonding.

SEE NEXT PAGE
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9.  Which of the following saturated solutions has the highest concentration of ions?

barium hydroxide Ba(OH), Solnble

(b) calcium phosphate Ca3(PO4), asahelt

(c) silver sulfate Ag:S04 g\\;ib\’téj solubel e
(d) zinc carbonate 7ZnCO; wsoluble

10. Two gases are mixed in a sealed flask. They react to produce two new gases. The
reaction is reversible and after some time equilibrium is reached. The following
graph shows the concentrations of the four gases as equilibrium is established.

—

\ T i
N >§
P
Y-l

o>

Concentrations

@

Reaction progress
A+ @ ';2 ¢~ /&,
v3 b 3 1

Which of the following equations represents the reaction?

L 2 12 2 & mol 1a

(b) NoOsg + SOy = NOig + SO

Yie'S

+

2CO (2) = CLOs ) + 2 CO, (2
p ht g
(€ NOgy + 2C0g = NOsg +  Chg

(d 2PH;y + 3COFy = 2PF3 + 3 CH20

—_— ——

SEE NEXT PAGE
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11. Molybdenum (III) chloride, MoCls, is a yellow solid. When dissolved in water the
molybdenum ions reacts reversibly with chloride ions to form
hexachloromolybdenum (III) ions, which are blue.

Mo*(aq) + 6ClI(aq) = [MoCls]* (aq) + 33kJ
(vellow) (blue)

As a result of the equilibrium the solution appears green. Which of the following
procedures will cause the green solution to turn blue? sk, £4 o ¢ ;a@ X

/I' Bubbling hydrogen chloride gas through the solution AL\ core
X II.  Adding a solution of silver nitrate v ¢\ "
X111 Heating the solution shifd to{t

¥ IV. Adding a suitable catalyst to increase the forward reaction rate

I only

(b) TandIV only
(¢) M and III only
(d) II, I and IV only

12. Arsenine (AsH;) can be produced by the hydrogen reduction of tetraarsenic
hexoxide. The reaction is exothermic and reversible.

3As06(s) + 36Hy(g) = 12AsH;(g) + 18H,0(g) + 125kJ

Which of the following conditions will maximise the rate of forward reaction?
\/I. Continuously adding hydrogen at high pressure
X 1. Maintaining a high temperature
/ II. Continuously cooling the mixture

vi IV. Continuously removing the arsenine

(a TlandlIl
(b) Il and Il
(¢c) TandIll

L, IIl and IV

SEE NEXT PAGE
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13. Which of the following ions does not have a conjugate base?

@ CH;COO™ X

z»
(b) HCO; —» €@, +
() NH;" - NH3
(d) H30" - ;9 +

14. Water can act as an acid or as a base. In which of the following reactions is water

acting as an’agi%_?/ Pw&.an Aoeor

LI HO + NH; > H;0" + NH;
1. H0 + HPO” > OH  + HPO4
I H0 + SO > OH + HSO4
¥ 1V. H0 + HCl > H0" + Cr

(a) Tonly
(b) TandIV only

@ IT and IIT only

(d) IV only

15. Three of the following solutions have a pH of very close to 7. One has a pH of close
to 4. Which is the pH 4 solution?

(a) ammonium acetate NH4CH;COO R 7
ammonium chloride NH,Cl {7

(¢) ammonium phosphate (NH);PO4 X 7
(d) sodium bromide NaBr = 7

16. In which of the following species does platinum have the lowest oxidation number?
AR ———

(@ HPtCly G
(b) NaPtCl, (3
(c) PtO; H 3)

PtCr,0O4 %Q" 2—§

SEE NEXT PAGE
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Which of the folloying ,IPEEE can be produced by bubbling hydrogen gas through a
solution of its chloride?
> CHOnCE!

(b) Iron' hoct Toe eus el patertie
(©)  Sodium o e gggn*}tuﬁe,mxs
(d) Zinc

A group of students is designing an electrochemical cell consisting of two half cells
joined by a salt bridge. Each of the half cells consists of a metal rod placed ina 1
mol L! solution of its nitrate. Which of the following pairs of half cells will
produce the highest voltage (emf)?

Aluminium in aluminium nitrate solution and iron in iron (II) nitrate solution l-22v
(b) Copper in copper (II) nitrate solution and zinc in zinc nitrate solution leloV
(c) Lead in lead (II) nitrate solution and manganese in manganese (II) nitrate 03\
solution

(d) Silver in silver nitrate solution and tin in tin (II) nitrate solution ATV

Which of the following will oxidise quickly in moist air if its surface is scratched,
but further oxidation is prevented by the oxide layer that has formed on the surface?

A sheet of aluminium

(b) A sheet of galvanised iron (completely coated with a thin layer of zinc)
(c) A sheet of copper

(d) A ‘tin’ can (iron coated completely with a thin layer of tin)

The following structural diagram represents a saturated hydrocarbon. What is the
correct (IUPAC) name for the hydrocarbon?

(a) Dimethyl propane (|:H3

) ihlpropene CH— CH, — CH3
@ Methyl butane ( [ T L

(d) Pentane CH3

g - ﬁgﬂﬁ\) U\)t o e

SEE NEXT PAGE
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Which of the following chlorinated propenes has two geometric (cis-trans) forms?

HC L H
\ _ v -
I. 1 - chloropropene {’:-I\ 5 /4' - < g \C — C \/
i /} 4 \ / \
II. 2 —chloropropene e N (cis H HO tgee O
II. 3 —chloropropene
I onl o ‘ L
onty <¥‘) - ¢ VO aw/‘(foms ><
(b) IandIII only , \
| H
(¢) IIand III only ' c ‘
P I
(d) 1 only e i~ - )
@ Ve ~ o C nu (ls/ers &
‘ / AN
M H
Which of the following substances is least likely to react with an acidified solution
of sodium permanganate? — g J.< oy cves’

(a) 1- propanol \‘ - 7\\0&;74( —3 Ccubwgi\'c aced

(b) 2-propanol 7 ° ] k clonre
(c) Propanal -¢- ¢-¢=o k\A(ég‘}J(_ — e 5}5;q5'~; o
1 * ;

@ Propanone o
t 3t

cl-C-
’ $
One mole of an organic compound, containing only carbon, hydrogen and oxygen,
required five moles of oxygen for complete combustion. Four moles of carbon

dioxide and four moles of water were produced. What was the formula of the

edore = N R

compound?
(a) CHO ( (kHjC}l‘f 50, —> Q(oz &L’r&zo
(b)y C4H40;,
L A f R
(C) C4HgO : & ‘t”z) + Ai Y]

T2

SEE NEXT PAGE
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24. The following diagram represents part of a polymer chain in a plastic.

/ N/ S
\‘. ; Lo \‘\
<|:1 / c|:1 CH2c1§;c|:1 II{ V(lezm }li \ IiI
A ]
H \ H H H CH,C*H Cl )
This polymer could be produced from 1 j:z \ ﬁ M, cf
o \'\(Juk\&\ {2ad \ ,/ C - (/ /
N L cis — 1,3 — dichloropropene y '\
13- Aldoryg gt I trans — 1,3 — dichloropropene ) H H
1L vowleis peodane <
*é'\'i. progan ‘\%"H eH e
IVv. 1,2 - dichloropropene N Ve

I or Il only 6{/ A H

(b) Il orIV only m\} Y . A C
(¢) M orlV only Nl % ‘ Y \C, s 7
(@) LIorlV only -G x L=

no doable boae L ct

25. Which of the following substances will not act as a surfactant (soap / detergent)?

(a) Ammonium stearate ¥es (stearate ion = C;7H35COO )
Magnesium stearate l‘i‘;\i‘y_\i (stearate ion = C;7H35COO )

(¢) Hexadecylammonium sulfate (hexadecylammonium ion = Ci¢H33sNH;") Ve s
(d) Sodium hexadecylsulfonate (hexadecylsulfonate ion = C;gH33803) Yes

END OF PART 1

SEE NEXT PAGE
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PART 2 (70 marks = 35% of paper)
This section contains 12 questions. Answer ALL questions in the spaces provided.

Spare pages are included at the end of this booklet. They can be used for planning your
answers and/or as additional space if required to continue an answer.

e Planning: If you use the spare pages for planning, indicate this clearly at the top of
the page.

e Continuing an answer: If you need to use a spare page to continue an answer,
indicate in the original answer space where the answer is continued, i.e. state the
page number. Write the number of the question(s) that you are continuing to
answer at the top of the page.

Suggested working time: 60 minutes

Question 26 (4 marks)

Write equations for the reactions that occur in each of the following procedures.

If no reaction occurs, write ‘no reaction'. For full marks, chemical equations should refer
only to those species consumed in the reaction and the new species produced. These
species may be ions [for example, Ag'], molecules [for example NH;] or selids [example

CaCOs]. _0
E ¢ a,( S

a) Chlorine gas is bubbled through an acidified solution of hydrogen peroxide. .
(@) g g ydrogen p Jq}f Lor
. (2 marks

- - , A )
Equation C‘Z + ZC —_, ’Z_C,\ + 136V f?‘(t?ﬂ’{‘{t?
M,0, —> Q2 * 2Rt « Ze” (oegu)

- + Q,. M NS >
C\, « M0, —Y 201" « 0, + ZHY (£%0csy
o) @© O )

(b) Copper wire is added to concentrated nitric acid ‘

(2marks)l
Equation NOB' N ZH* N C/’ NOZ - H\ZO [*7:] N&ou)

CU\ — Cv\%* “~ Zc:“ [\‘ (] i-C TR0

st ey

Cagy + ZNO;* L\‘H\Lmq) Con gy |20

3 —2 2N0, ¢q) + (ag)
(az} ‘e
[E = 0bkby

SEE NEXT PAGE
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Question 27 (4 marks)

Write observations for any reactions that occur in the following procedures. In each case
describe in full what you would observe, including any

e colours

e  precipitates

e gases produced
If no change is observed, you should state this.

(a) Hydrogen peroxide is added to an acidified solution of iron (II) sulfate,
w,0, + ZH* « 2 —> 2,0 (2 marks)
=

Y. - 0 ,.{ 75
] 34 - - 10t \J sgurianieius
Observation DR — te? « e oo N AGHMASS

nof ny

A’ C\?C,kf G‘W,.‘ (Cz(‘l:(,!u%kess Saku-h‘o,/\ LS aJ,r{ﬁ,l "H’) A C\edf pok\e

J T — ‘

B

(b) Copper wire is placed in a solution of nickel chloride

\"’M\“MJ o ?‘ﬂ‘s Cu — (W 2e] (2 marks)
Observation Nt s 2e” - My E0< ~-0-S1V

V\OJ‘T gfn,»‘mmwv\ 7

i TR T

. fod . 1 .
R calmon pule weral (o placed oo
k) 1

-

o a s Leer ;Lo F

colutin o ffﬁc‘i(w\ & observed .

¥

SEE NEXT PAGE
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Question 28 (4 marks)

Anions such as hydrogencarbonate (HCOs") and hydrogenphosphate (HPO4>) are able to
act as bases in aqueous solutions. However, in water hydrogensulfate ion (HSO4 ) does

not act as a base.

Explain these facts. Include equations in your answer.

(4 marks)
zi»?‘cv\g\fé)(k? N {f.z{é?s,:pnic o] (11 0(4((‘ 1, cﬁ(’ (01\5 (oMC
7 J
C s [
'(i ¢ M _f,d(— e S pad o some E;'g Ane ire gl
,————e—u~———~
Qe g}*“ T done {roe wannty Yo {oi Alre ;:.}‘w’:;‘zﬁ;&‘xi’/
¢

+

acil Loims ¢
\/\CO?—C«&!} + M0 \*\ZL"Ogmeﬁ * O(’({«gt

-

HPOLL agy, + Y50, > H,00, (agy + OW tae
7 & r 2 7 5

.\&,\ S Ll <l o - .
L CHROW S wa THE L rart oo £ bqgr_( tdv Selur (&AL

eSO - S

The Wadrogen sudale on corcs {ram Ao stiorg
o

cich M,80, . The HS(}L: wn dees not qccf'fﬂ”

o Q{@‘i"&{} )(O \02(.&MQ‘ \M\Lér\(sfc;l H;SOL& and  can

r

OA\j ack as an acd:
- 1— -‘-
WSO, twqy + H,0 Ley ? 50, + H0 caq)

gfr—
7 -

a\ke;ﬂq&\d@}‘

A

H((pzw S the wﬂjugmi{ base o‘(a\ wealc acw( s 1S
) L (M3 (03

\)C{Si(_ oA so(a Lo A
2- .

= ?0 ) ak&o A CO”;"T3€ %C\H' (“( A weal &’({(oi (('( FO“>

(GM‘ e Lér %u;‘:;'ivt pccdd of A weal base VUQ ) Pk b

S“@“‘H" }-\@c Voacte aroa base

~ : ! : - I
'HSU‘,*_ (S A (or (vos FRENENFPAGE base &f & ailarg At
- y A ST cons .

M.Guyg ofd ke LOv\jat}m;Q aciel 6f & weall base %U%z'
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(4 marks)

Write the IUPAC name, or draw a structural formula, for the following organic

compounds.
"“ oy Ror R
A secondary alcohol R - C — O
|
@‘ (1 mark)
3 ’Nj{'%\ﬁ\ -1-b wranone " CH;CH(CH3)COCHj3
| z©
(Imark) | ,, — c— C
3 \ N CY 2
c H3
V¢ CH,CHo
cis — 2 — pentene
C=C
" / \H (1 mark)
// O
%y 0()\3\ Qef\kfanoaf%é CH,CH,CH,CH,—C
O—CH,CH,CH,
(1 mark)

SEE NEXT PAGE
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(8 marks)

In the table, draw the structural diagram of all isomeric alcohols of molecular formula
C4H;00. Name each alcohol, and identify each as primary (1°), secondary (2°) or tertiary
(3°). You may not need all the rows in the table.

(8 marks)
Structure Name 1°,2°, or 3°
w # = e
! 1 i ¥ 5
0= C = (- 0= 001 | kol |
t
oL
2 H # M o
! ' ! ) :;
k- C — C— C— C-v 7 - urano! 2
A
N
o Covo : 0
¥ -C - ( — C -o¥ Z‘N‘“’\ﬂ“ \v‘)fopomo ,
" " t
v 2!
T S { -0
! } ¥ - &; ".,,;— ot OIS
- - (L — C-H ;Mf\huj\ ér“‘pid :)
\
!-: o :1
nNO 04\\(\6{5

SEE NEXT PAGE




Question 31
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(5 marks)

For each species in the following table, draw the structural diagram, representing all
valence shell electron pairs as dots (:) or as dashes (—), and indicate the shape (name or

sketch) of the species.

(for example, water H O H or H——.S):-—H or H—é —H, Bent or V-shaped)

Species Structural diagram Shape
(showing all valence shell electron (name or sketch)
pairs)
Methylidyne
phosphane _ipey

M % P: \W\C’Cu(‘

Hee | e e BN

H—C = Py (1 mark) (1 mark)

Sulfite ion

SO,%

+(\\ﬂc? M‘J

fore miclel

(1 mark)

SEE NEXT PAGE
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Question 32 (6 marks)

Dodecane can be catalytically cracked to produce lower molecular weight hydrocarbons.

CipHy (g) + 725k] = CsHis(g) + CaHs(g)

In a laboratory experiment a reaction vessel, whose volume can be changed, contains an
equilibrium mixture of all three gases, and 40% of the mixture is dodecane.

Complete the table by predicting and explaining the effect on the position of equilibrium
of the following imposed changes. (simply stating Le Chateliers principle does not
constitute an explanation)

Affect on
equilibrium position
To right, to left or no

change

Imposed change Explanation

(a) The volume is decreased | 1, J(\\Q ‘L‘ vilamt i gicscure
keeping the temperature The Mpoxe 1 rrerad moue
\(H ALY ecg,,,%{@t’wh to deceecte

“{ M‘w{'}!f FEs f‘/ff‘%_‘%»i’.'d’v 13 !"D(((ulfj, ‘H\G
(1 mark) | reicaure tio gécssal € (1 mark)

constant.

TNE \c;\?c,wd clarqe Qe prer).

(b) The temperature is '\'o JV ‘\C The endothermie recc {on vpuld
increased keeping the o k\\ be (avoused g,{tg{“{v‘i\tg o eqpi riam
volume constant. r “j ‘ ard algor ;p;,}, 100 addded heg{

(1 mark) (1 mark)
#O J‘(,\Q ¥ Ak core, of (| #y will hyoe s

(c) Some C4Hg (g) is ) Ve (eoct dn oot rroeluces (b
removed from the t ,5 H‘ lo reester foat worad 0P o s )
vessel. :

(1 mark) (1 mark)

SEE NEXT PAGE
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Question 33 (9 marks)

Phosphoric acid (H3POs) is a polyprotic acid.

(a) List all the anions present (in order of decreasing concentration) in a solution of
phosphoric acid (excluding hydroxide). Write equations to show how you
determined this.

(3 marks)

.

WyPO, + W0 2> W, 00, ~ w0

+

Wo R0+ W0 — Wb« oo

HQOL\,—L- * k\2,0 : PO%Z- + *“\BOL

7 - N ¢
AN SUI€ 56Ul WO Lert con {)fdc&vc«({ﬁ less oS

(4
[

A akvec,rcasmq tene *Fm"gm’%f&ﬂ ; (auno”’ns 0*‘«4)
- z-. -—
NP0, > HPOL— > PO,

Of these ions, which is the most basic?

(1 marks)

2 -
00,

(c) Phosphoric acid is a weak acid. However, it becomes stronger when heated,
Explain why.
(3 marks)

¢ The rwonisaton of Wi00, 5 reversible and

endothermic.

e R o b
\'\‘5065 = ‘rgtzv‘ e VUl 4 %”sw OR - Ve

§ Y 2 i E - ’ P2
‘ Hea‘%mq gi\i“{%S Cgal T Bria Lo “zﬁ,’%‘z(f’ Fag T

N
AJ

WW(féasing ‘*k( HZO* (,rﬂ!‘(("ﬂgf‘/a'l\(;')/\
¥
» SKrengih of an acid s reloled o {he exlent

o€ wrtaton (pro pc«r"r 16/\}
SEE NEXT PAGE
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(c) Dispite having several hydrogen atoms, propanoic acid (CH;CH,COOH) is not a

polyprotic acid? Explain why
(2 marks)

i At
LA

‘ 0‘\\") Jﬁ"\{ B n \{/‘( Cori f}()e«‘{:f%( &s{‘gf;‘.f

13

. o . ,
Yrge{ (or  he 1onised [ R-c” L/eoNS“W)
R < CoH

* T ‘\Q (9* %\e r }\ﬂd {0 C[@ﬂ S afe !7(; ["_{f! frf 4{;' fexg }“j&fj;x}
N 7 l

H ¥
In o Yy e g 3 -, € g
v ii ‘g'ix‘:; A | Fedah Fas §Fo r e s ;({_“{
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Question 34 (11 marks)

The following diagram represents an electrochemical cell based on chromium and nickel.
A porous barrier separates the two half cells but allows ions to migrate between them.

CM\OAQ / Codhod €

a
supnase?

CI’z(SO4)3
solution

NiSO,
solution

s n

(a) Write the half cell equations and the overall balanced reaction that occurs.

(3 marks)
L2t - - )
N Vv e —> N {:x 373
Cc —> Cc3' v 3e [x2]
N+ 26 —> TN+ ZCr3+
(b) On the diagram, label the electrode that is the anode and the cathode.
/ \ (1 mark)

Or {r4

() Draw an arrow in the box provided to show the direction of the electron flow in the
wire.

(1 mark)

(d) What emf (voltage) will be generated? (Assume 1 mol L' concentrations.)
(1 mark)

-~ -

—
- - ~+ 3
t Cell - L Cx L i ej

- 0V

SEE NEXT PAGE
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(¢) 'Which metal cation will migrate through the porous barrier?

C(%-k

(1 mark)

(H List TWO changes that will be observed.
(2 marks)

1 : I i : :
¢ \I\Q\{o\\,\\.( Seldel (oot thd N s‘a(gké‘f% electiod e

(’4\ A Mo !izé"(i‘f"%é’s %3‘&(%{\‘.‘/‘}

) { { B f ! f g
C\(/ W Macs | beomes Yhooner) ‘

§ f ' - P .
¢ SO"’\‘Q oIkl v ’H\Q 0'(6\:'- {\U\c o5 ot greea ;agu‘% 0w,
/ - =

4 R %
(\00& \,;0‘(‘ a t‘x}‘am‘ wad (¥t are zgceen}

(g) What will be observed if the porous barrier is removed and the solutions become
mixed?

(2 marks)

* N Q\L‘(eli‘a\\ (‘_},{(84\% (t'{ (,Qt:!c3 i\:wgmﬁ‘}

+ Wedallic cloer W“’“%‘ff?'«g Lorme on (riatie MQ‘%QJ‘

I - 3 H RS d .
L %ﬁﬁw; ofte LI, p'{'*\i\‘f en thiemiapa efled rod €

l [ . s
v Solamnan bewornes Aarls i€l

P A -
[:1’\0 w) O o{x ¢ Cc,“ REQACT COA ¥3’é"., &‘(,hﬁfi?”l\ \k’; ! A z:f s j
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Question 35 (8 marks)

The inside surface of copper frying pans used for cooking foods such as eggs can develop
a black coating due to the formation of copper (II) sulfide. These blackened pans can be
restored by adding an electrolytic solution such as sodium chloride and placing
aluminium foil in the pan. The aluminium foil is held down so that it makes good contact
with the copper surface. This method does not remove any of the copper from the pan.
The two half reactions that occur are:

-
CuS(s) + 2¢ > Cu + §F l:* 3
~
Al (s) > AP+ 3e L¥2]
The by-product of this process is aluminium sulfide.
(a) Write an equation for the net redox reaction.
2- 3t (2 marks)
3CLS + 2R — —360\ + 23S « 7 A\
(b) Why must the aluminium foil be touching the copper surface?
(2 marks)

To alloow Aeanc ter o€ e lect rons

(d) A frying pan has a 0.0525 g coating of copper sulfide. What mass of aluminium

sulfide will be formed as the copper is restored?
(4 marks)

_ -t
n((uS) = 0'0525¢ alCud)z &M 2 29252 - 509410 mol

- ag-6
M((ug': qS‘Glgmol m e

-
——

3

NI T T P
4 5

.

“a
T 346 X (0O ol

(\(Altg.b - A:']: . {\(A‘,’s*n>

x 3-66;&(0“'~ o ‘*%‘37&(0’ ’Mot

-
-

\\/\(M,,SQ - \Sowuw\"

RR RS

M(Al-‘S;\T '\m: ‘-837:{04*7( (SO=1L

T 00278
SEE NEXT PAGE — L
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Question 36 (7 marks)

Explain each of the following facts about reactions between acids and metals. Include

equations.

(a) Zinc reacts with hydrochloric acid, but copper does not.

(4 marks)
& . B —
Zn > Za’ el E. o« 076V
2 - T i [y
Ca —> (a "+ ‘e i;o,,, - = 0eZLN

2HY + 2 =3 W, £ = UeoeV

N

?f (41 il 5 .
Loo : (ux 20" = (7 vy, pRr —03V
ROt Spon taneou

2n W 200 H Eﬁ;{see{i -~ % 076\

< @a/\'&cmeows ,

(b) Copper reacts with nitric acid and a gas is produced. The gas is not hydrogen.
J (3 marks)

h N -
HY aad MOy

. ©

- FE—
NO, + ZH t e —> WNOp ¢y + H,00 [ red ‘:ovaovr

(‘l(!\ ('11) )
{92s)

+ e Eooe © —0-34N

+

. p
fi’im{ — 6‘4.

A
7

Lag)

¥

- 4 4t

Loy 0
E cell ot '\-O’QQV

c ?w fonegu s

END OF PART 2
/ w}‘? et ﬁ “s

Coﬁ\,w ;w%a( (red) A e (A((‘G{ {oron r\ilél‘og‘t"f‘ ¢
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PART 3 (80 marks = 40% of paper)

This section contains 6 questions. You must answer ALL questions. Write your answers
in the spaces provided.

Where questions require an explanation and/or description, marks are awarded for the
relevant chemical content and also for coherence and clarity of expression. Lists or dot
points are unlikely to gain full marks.

Final answers to calculations should be expressed to three (3) significant figures, and
provide units where applicable. Information which may be necessary for solving the
problems is located on the separate Chemistry Data Sheet.

Spare pages are included at the end of this booklet. They can be used for planning your
answers and/or as additional space if required to continue an answer.

¢ Planning: If you use the spare pages for planning, indicate this clearly at the top of

 the page.

e Continuing an answer: If you need to use a spare page to continue an answer,
indicate in the original answer space where the answer is continued, i.e. state the
page number. Write the number of the question(s) that you are continuing to |
answer at the top of the page.

Suggested working time: 70 minutes

Question 37 (10 marks)

A swimming pool holds 250 cubic metres of water. The owner tests the water and finds
its hydroxide ion concentration, [OH ], is 5.55 x 10° mol L7\,
Note: Assume temperature of 25 °C and that (1 cubic metre = 1000 L)

(a) What is the pH of the pool water?

(4 marks)
s -
ko = [nTlow ]
- ) -\ -0 -
. [H*‘\ SR VR .Y/ 180 x¢o l mol L. ’
= A i
g oS ¥p ?

Lo’ |

5

(‘)\‘\ = ~Lo§ [*\1] T - Loﬁ (’!-B’O;(o“a)
= Y7L

SEE NEXT PAGE
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(b) Thinking the pH is too low, the owner adds to the water 3.00 kg of caustic soda

(NaOH). The water pump ensures that the caustic soda dissolves and becomes
evenly mixed in the pool.

What is the new pH of the water?

(6 marks)

?\(OH'> = (N T 6SSy0 7 x 2500002 (387G mol

\'f\\{'w\\

- \
o (on ) = o(NaoH) T M - 3000 = 7&-004 rof
Mo{(A(’ A YV\ 29 'c(agv rg-
“‘(OH"> - "\(0(‘(“}’ x v’\(GH\) - 13w7T e 7ECOY
-\o'k’d\ 1)\‘»\‘\(4‘ ' trol of eol

C(,ON‘): L - gg-y79

250 000

o7 : _ e -t
[HK, kw = V=00 ¢ 0 & s 2TV weo

[OH‘\S 355y ok

DH T - Loc} [H*] T -»Lo;f (i-ﬁf'zxmm}

\
= 0-S S

SEE NEXT PAGE
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Question 38 (15 marks)

Phosphine (PH3) is a gas that could be produced by bubbling hydrogen gas through

molten phosphorus.
The reaction is reversible P,(1) + 6H(g) = 4PH3(g) + 33KkJ
Activation energy = 66 kJ

————» PHj3 + excess Hp

Reaction vessel

Hydrogen gas

Molten phosphorus

A

A/

—
C 7

(a) Draw a labelled energy profile graph to represent the process.
Indicate clearly the reactants, products, activation energy and enthalpy change.

(4 marks)

Energy

Peaducks L"e“s A

Reaction progress

SEE NEXT PAGE
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(b) Would a high temperature, or a low temperature, be used in the process?
Consider the reaction rate and the product yield in your answer.

(3 marks)

A hoh Yewmperslore Wil provide o fast seaciwon
) ¥ T

{ {:} q;'é} j}&;e@“r

‘ ¥ . « ! 3
\)etf\q ende " hermac w\\\ {o\uowf recctant s
J

(Qi(}l f%g;;p( }

o A low *‘QN{}%’FC"«‘% e

wi‘,:‘* houe et s low f‘mc(coz\
r”'\xe b‘f’\ {aGoor *':N

{ormadton ol i gﬁi@fluﬁég

s : '
i ;;{#?‘ '}“:‘Gj

. y H ! '
" /ls lew é}C {‘Cé‘ch‘JC , {,&ﬁ‘*g} Puttr e wpderld e gecedt S Cé!

. )A\{,;,

. £ - 4 f ; »
Yo Dsg}*\.@ﬂ‘si s€ u gé‘iwg o e dn i“a«:;:r-%"é,(i

(¢) Would a high pressure, or a low pressure, be used in the process?
Consider the reaction rate and the product yield in your answer.

]

¢ ; 7
tevcton mlc /At«e {o ine wnceeqced dieqacncy o7

e “é@,éiﬁ:i{ ‘}\ al\o‘! SXTANTR Q({ ‘-&;&‘u gt - r@ 2 et
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o A h(q‘\ pressmic woald  qiue o fact
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; T 1 P Y ;
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(d)

If the process is only 70.0% efficient what mass of phosphorus would be needed to
produce 4500 kL of phosphine (stored at 3.55 atmospheres pressure in cylinders at
30.0 °C)?

(5 marks)
P = 3-5%aten = 35Cadm x 101-2 iePq 360 k Py
Adp
Tz 3°C = 3031 K Pu= aR Y
R= 23S TK at” oa T PV o= 360x kSoo
N k0o L RT 93 2ond
‘V\(?‘t\j \13'3%3»«0'"

- 6‘427\(05:"\0(

sn—

n (Pk\: '},;-‘\(()Hz\) - t‘a é‘&Zx!’OS

= \'GOx(DSMO‘
70'/0 6'("6 w:\\ ft’clu\‘r( Mo ¢ v’eﬂ_tjfn%

I\‘(p&t\) =

f{q wised
[

a’

WO x \-60xc0>
70

o 2‘2.0()((0 SVM@‘

W\(QLJ ~ n M= 2229% 0 12388
= 2'8l¢-xro73

T 22k Yornes

SEE NEXT PAGE
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Question 39 (11 marks)

Soap can be produced by the alkaline hydrolysis of animal fat. The structure of the fat
can be represented by the formula, X, below. The number n is large, usually about 16.
The equation represents the hydrolysis reaction. Soap is simply the sodium salt of the
anion.

o
|
HoC— O —C — Cp, Hapst
O
|
HC—O — 8 - Cn H2n+1 + 3 OH' (aq) S

H,C— O — C — C,, Hans

3 soap anions

glycerol (glycerine)

X

(a) What is another name for this process of producing soap?
(1 mark)

Sapotificatien  (conld acept hydrolyeic)

(b) What is the general name for compounds represented by the letter X?

(1 mark)
ﬁo\\u(x’, rde ( aﬂlf@i‘ (murq acd triesters
ot J lycerol )
(c) Write a formula for soap, substituting numbers for the letter n.
(1 mark)

Lor o= \b _ .
C‘e HggCOO NO\

SEE NEXT PAGE
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(d) Why does the hydrocarbon chain (Cn,Hzn+1) have to be long?
Include a diagram.

| . (4 mark)
Toric y/ead\ won- polor rellin
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(¢) When n = 16 in the formula C,Hzn+1 the molecular molar mass of the fat is
848.54g/mol. What mass of sodium hydroxide is needed to convert 1 tonne of fat

into soap? [1 tonne = 1000 kg]
(4 mark)
\ ("L&“‘) I AR V1 v ey e - W78 mol
A Bug Sh

(\(NQOH) p V\(OH“) 7,?.:(\((9&‘&’) - 3 x W7%
]

w (Na0R) = a M 23535 x 39999
ot %LHL'rilc:i
- b \Lo\

e ———

SEE NEXT PAGE
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Question 40 (7 marks)

The structural formula for the repeating unit of the polyester Dacron is shown below:

o -

i

|
—C C—OCH,CH,—Ot

Dacron (also known as terylene or PET) is produced by condensation polymerisation. It
is a thermoplastic and a good barrier material (moderately resistant).

(a) Draw the monomers used in the production of this polymer

Av weborgtic acid Aol
w A
" 3
(04, Ro-¢- oo
e Yot Woow

(2 marks)

(b) Why is this reaction called condensation polymerisation?

- i 7 1 .
as l{“ (NM{M.MS \.uﬂ‘if’f gn the fo,mdtan
1

ok dhe oglymes
[] o

(1 mark)

(c) Why is this polymer called a “polyester”?

. { .
‘“\6 MOINeMmerS  aic¢ V}ou‘sccj -{,93.@%-@,«%9( wu’i‘é‘

ot @g%er ‘{«{(o-sff(\ M(/\‘(.(}\‘) {—’(/\Q {W (‘/Mer (1 mark)
" \oalb}“-&*ef.
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(© Given the monomer below, draw a portion of the polymer that would be
produced from it (your polymer should contain a minimum of three monomer

units). -
H COOCHj;
~ /7
/C=C\
H CH,
[\ H COO(‘K‘”V&’H Laﬂc\f\’b Cooc\"") E
l | ‘" | ' \
G-l —C— C =~ — (¢ — C~-- -
f t \ \ \ \ ?
| (riy v CH, H cHy |

L

‘f‘f\oxﬁ (-¢C gg;\.}{g, vords con Wit codaled

ardd  monOmer o allerrale critatat on (2 marks)

(d) What type of polymer has been produced here?
(1 marks)

addkon (‘)o\j ne
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Question 41 (14 marks)

An organic compound containing only carbon, hydrogen, oxygen and nitrogen is
analysed by the following steps:

e 1.473 gis burned in oxygen, converting the carbon to 2.515 g of carbon dioxide
and the hydrogen to 1.158 g of water.

e Another 1.473 g is treated so that the nitrogen is oxidized to 0.6573 g of nitrogen
dioxide (NO,).

e When vaporized 1.473 g of the compound occupies 116 mL at 204 kPa pressure and
127 °C.

(a) What is the empirical formula of the compound?

(10 marks)
(b) What is its molecular formula?
(4 marks)
- ? .\,:;‘1
O\\ ClH\jOzN?l -+ O?. > COL + \’\7,0 + : ( P
m:\-A?Sj M:’Z-SISJ M‘é\'lggﬁ

t\(\’ﬂ - Z2x nl(B0): 2x 2 - 1x I'15% 3“0"261“0!
i sample m 1€ 016

n(() = plcoy) = m = 2:518 - 00571 mol
Wi Som‘}\l. m L\' Lt' 0(

(o My 0,Ng 25 no,

i 1h7 3 0:65 734
f\(_N) = n(f\)oz_> - ___‘iL - 0-65727% - O'O!AB Mg‘
A Sa\np\c m Lb-ot

For the coame wmusc sample (/-472347)
n (o) s M/saw'@h\/ -—[_M(() VAT M(“)]

. I
W Sawple

,
= LT3 - 6-05 715 12:01) * (0+129x (005 ) + (o-nm“qo\)]

.

-

- 0. B
L}g 7 ;EE NEXT PAGE
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. «\(0) M. kST = 00226 mol
" sample WA \b- 0O
¢ H 0 N
woles w sample O 0STH mol] 0-129mal | 0:02F6mol | 0+ Otu3mol
' 60571 0\29 vUIgE eCrivy
S'Mp\cj‘& rm{no ”o’?ﬁ/‘; f/m3 Aﬁt} f“’.‘éﬂ;
Loco | 3993 | 11999 l'wu}
EV\Q\W‘(&J 'Co/m(a = C,+ HO\ 0, N
b} N> Wbml -0\ L PUu- A RY
P - 20kl ns PV < 204x0-ub
T=\127¢c = koot K RY %315 = b0l
R-832315 Sk ol ~ s '7'H,<(0§3mo‘

lof \lk7gz; ,Wuwﬂf(

-

M=z & - w23 = 207»033@(

n 7 tlxco”3

@M(}!Pua {o/dﬂvﬁ(ﬁ pess % 031229 mel
>y

No (€cu (a" [c;rau\q - r\a{cw{af {amugm gotr & § _
QMW;*(('@J {oimu la "“e.u}mm/ {oiwvle, maus ¢
wolecalor fomula -~ CLHa0,N ¢ 207:02
e Mw.../—y lo3-t22
H.,0 N
C3 374 2 vy

|
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Question 42 (13 marks)

A student wanting to produce ethyl oxalate prepares a mixture of 50.0 g of oxalic acid
(HOOCCOOH) and 50.0 g of alcohol (CH3CH,OH) in a boiling flask. She adds a few
drops of concentrated sulfuric acid and boils the mixture for about an hour.

The equation for the reaction is
HOOCCOOH + 2CH3;CH,OH -> CH;CH,O0CCOOCH;CH; + 2HO

(a) What is the function of the sulfuric acid?
(1 marks)

i ; I/ ; ‘ : ¥ \g.
W\e- Sa™Nurie e T L s o ToTTe ST

(b) Determine the limiting reactant.
(4 marks)

-1

AL

V" A0:056

Mow!  acdi = 10:636aml

M (eggl\ow‘oi\z - A()'Oég(gwéé‘g

p——
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ﬂ/om‘w owicr!\g ﬁ\— ~ _j‘;’,_._., - 0’5-§5M0(

n(eleé,} oM 50l - {'qua/

VT Gt0es

Ky

: [ 7 ! Sy -
Storl ot = Alewslvand) = V= 0500
N %Né’.} 2
Actust roto o cfodiadd) - c5Ls - 051
wleltarol 1-oq

AS PMQ> SaQ e’{\{/\mfwo( ‘xs [\'m\'jrm«j
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(c) What is the expected mass of ethyl oxalate that would be produced?

(4 marks)
nester } = 3= plehanol )2 L x 109 = 0-54 3 mol
Z 2

m(esier) oM - 033« b6ty

-~ M’?‘:’!’f’&

- y N =
- _ ap—— —
Y ' r ;»i. {" r~’
M ‘_es*‘.cf) < banf) + Wxrful s b0l
- - L= —J I =
< é)t Teod o= e DR i

2 bbb g o
J

(d) After the mixture has cooled she adds 100 mL of water. Soon she observes that
there are two layer of liquid in the flask

(i)  Suggest a reason for adding water.
(2 marks)
O Sefufate e €S‘L€ rowhidd 16 asglaale

;,!E,z\
A wo‘“*“/ a/\o{ e ue fH'\e Sé{uéa{(,

1

Su {{a s :(i
cre A @ Lrero' and exess pralic aced .
(il) Why were there two liquid layers?
(2 marks)

T\M Q(OAU\A (65i~ef> (s 5“3”‘[«/ f?a',(af ama/ ha s wc’alc
C; QM - o(g}cﬂﬁ (’A‘kffff‘éf)g;@({/émf” Lorces . 7"\6&{; are not as

{
gé,am as the Ma(raqm ioamfsfzq hedween water
7 =4 7 7

1

oy ‘:; 0 !
MRALI AL Md{ S92 dan pot noue dher 2 T 70

hecome f\jdfa%m( C TR pakes Ao dwo immiserble

andd  foren e ‘Hasé‘é‘fs.
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Question 43 (10 marks)

A jar containing a pale pink powder is labelled commercial grade manganese (I) sulfate
MnSO,. A chemist needs to know its percentage by mass purity. He decides to analyse it
by utilizing the reaction between hydrogen peroxide and manganese ion. The manganese
ions are converted into a black precipitate of manganese (IIT) oxide. The black oxide
quickly settles to the bottom of the conical flask. The equation for the reaction is

H0, + 2Mn® + H,0 > MmO; + 4H'

The end point is taken to be when the final drop of hydrogen peroxide no longer
produced a black precipitate.

The chemist dissolved 2.000 g sample of the impure manganese (II) sulfate in water in a 100
mL volumetric flask. He then pipetted 25.00 mL of this solution and diluted it to 250 mL in
another volumetric flask.

Next, he titrated 20.00 mL aliquots of the diluted manganese (II) sulfate solution
against 0.002211 mol L! hydrogen peroxide solution. The average titre required was
46.55 mL.

(a) How many moles of hydrogen peroxide were consumed in an average titration?
(2 marks)

a(8,0.57 ¢ \) = 000AU] x LéSS
1000

4

= 10 3x 0 v

(b) How many moles of manganese (II) ions were oxidised in an average titration?
(2 marks)
L’\
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(¢) How many moles of manganese (II) sulfate were present in the impure sample?
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(d) What was the percentage purity of the commercial manganese (II) sulfate?
(3 marks)
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