SECTION A: MULTIPLE-CHOICE QUESTIONS (30 marks, 40 minutes)

This section contains 30 multiple choice questions.

For each question choose the response that is correct or that best answers the question.

Indicate your answer on the answer sheet provided.

Choose only one answer for each question.

A correct answer scores 1, an incorrect answer scores 0. Marks will not be deducted for incorrect answers. No marks
will be given if more than one answer is completed for any question.

Question 1

The amount of ions, in mol, in 200 mL of an aqueous solution of 0.40 M potassium fluoride would be

n
A. 0.040 C:V' Nn=CCV
B. 0.080 = 04¢x061
() 0160 S 009
D. 0.200 Ktre FT

K{ moke of e tenr

. N A
f\ ¢ o0 f A
Question 2 (L )} = L&
Which of the following is the conjugate acid of HCO5™ ?
A. H,CO,
H,CO;,
C. COy”
D. HCO*
Question 3 ) ) 2.
ot e - CY%—;E_.:;-. r ™"

During a redox reaction the dichromate ion, Cr,07* changes to the chromium ion, Cr’". For this reaction which

statement is true?

+ chromium atoms have gained electrons and reached a lower oxidation state

B. chromium atoms have gained electrons and reached a higher oxidation state
C. chromium atoms have lost electrons and reached a high oxidation state
D.

chromium atoms have lost electrons and reached a high oxidation state

Question 4

Even though rainwater in Melbourne is unpolluted it is still slightly acidic. This is primarily due to the partial

dissolution of which atmospheric gas?

A. nitrogen dioxide

B. sulphur dioxide

@ carbon dioxide

D. oxygen
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Question 5

Consider the following chemical equation: A+2B—3C
‘ I md  ZaneAd
What is the amount, in mol, of C that would be produced if 6.0 mol of A reacted with 4.0 mol of B?

>
\'\/M s)‘ f,»mlw’""‘w&is-; A W@

A. 2.0 n {( )
B. 3.0
C. 4.0

6.0

Question 6

Which of the following solutions contains the smallest amount of H;O" ions?
3

A. 10 mL of 0.20 M sulphuric acid > Lt )

B. 10 mL of 0.20 M nitric acid LYo

@ 20 mL of 0.40 M ethanoic acid

D. 20 mL of 0.40 M hydrochloric acid Bxis" 3

Question 7

A household cleaning product was found to have a pH of 10.0. The H;O" concentration is most likely to be

—

i.;A. "'} 10—10.0 M );,.,, e 40;1:5% Y ‘)f; 5 ! Q K@' ’
B 0t { o

C. 10100 M

D. 104.0 M

Question 8

Which one of the following species is the most abundant in an aqueous solution of the weak acid, CH;COOH?

-CH,COOH

[/

E\BD Water molecules undergo self-ionisation to a very small extent only

B. CH;COO-
C. OH

D. H;0"
Question 9

Which of the following best explains why pure water is a very poor conductor of electricity?

A. The intermolecular hydrogen bonding requires a large amount of energy to disrupt it.

C. The latent heat of vaporisation of water is very high compared to many other liquids

D. Only very few electrons can escape the covalent bonds in water molecules and become delocalised
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Question 10 m()fé - M‘iﬂé :\.&al\ — ] TQ';:" _,2‘? % T

Lo

When a piece of metal S is placed into a green;‘goloured solution of TCl,, the metal develops a coating and the solution

colour lightens. A valid conclusion could be that

%c..W“

A. chloride ions, CI', are generally inert during chemical reactions .
B. the S** ions are more easily oxidied than T*" ions , S > T
C. metal S is more easily reduced than metal T S » @ ctda b e T > . > aml st

D. X metal T is more reactive than S }.¢ . T > e tont Hodk £ ¢

TZS
S+23

Question 11

If 30 L of sulphur dioxide was completely reacted with excess oxygen according to the following equation
250,(g) + Ox(g) —> 2504(g)

what volume of sulphur trioxide would form at SLC?

A. 0L
B. 245L
Y 30L
60 L

Question 12
Which of the following lists contains only amphiprotic substances?

A.  H,0,HCO;, HPO, H,80, L
B.  H,PO,, HCI, SO,>, CH,COO *
C. NH,", H'O', PO/, 0H
( 1")9 HSO,", HyPO,", HCOy, H,0
U ) p
Question 13 v 1e -

When oxygen atoms become oxide ions,

A. each oxygen atom accepts one electron.
B. oxidation has occurred. 4
C. protons are transferred from the oxygen atoms. X

@ - the oxygen atom acts as an oxidant. /

R
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Question 14 n{g‘ y}}# n( Fd; /

Identical masses of the gases NH; and PH; were placed into separate containers, A and B, respectively. Both
containers had the same volume and were at the same temperature.

Which one of the following statements concerning the two gases is correct?

The average kinetic energy of the particles in both containers is the same /
The pressure in container B is higher than the pressure in container A <
C. The average speed of the molecules in both containers is the same /

D. The number of gas molecules in container A is less than the number in container B~ X

Question 15
The solubility curves for two compounds are shown in the graph below

ﬂ }; 100 SO PRI DN SN - I
7 "} &f S 1 3 pataissium nitrate el 59’“
f,¢’1 /?13("389 - i U T ‘ . . 2 %

' - 1 : ] : : : ' -
? > 3"? 70~ : o S §4t
solubility B0 —f i : i 2‘1?

{100 gwater} gpn

)N 40 . ,
g/ ; ammonium chioride

LA %, T pte
- 28” ,‘
10 —

o l¢e e >

2.8}' , o N N B B B B R i

;ﬁ)é 70 10 20 30 40 50 60 70 80

temperature (°C)

Saturated solutions of each solute were made, each using 50 grams of water, at the temperature where their
i et SIS

solubilities are equivalent. Both solutions were then heated to 60 °C.
What mass of each solute must be added to the 60 °C solutions to achieve saturation of each solution?

ammonium chloride potassium nitrate

A. 6 54
@ 3 27
C. 36 84
D. 18 42

e
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Question 16

Which of the following is not a redox reaction?

Ba*'(aq) + SO, (aq) — BaSO.(s) /

Pb(s) + 2H'(aq) — Pb*"(aq) + Ha(g)

C. 05(g) + 2I'(aq) + 2H (aq) — L(aq) + H,O(l) + Ox(g)
0s(g) + 2I'(aq) + H,O(1) — Ix(aq) + 30H (aq)

Question 17

Deionised water is rarely found in the natural environment because

A. water is immiscible with non-polar liquids -
B. rain is deionised as it flows over rocks .
C. water is purified by evaporation to form clouds

water is an excellent solvent

Question 18

When in an aqueous solution, which of the following species is least likely to form a chemical bond to a metal ion?

NH," Pu{ -{-wzb el o A

B NH;

C. H,O

D F

Question 19 ~y 8

¢ 8 oy
A o af 2 TT4
) AP G (G

Which of the following metals could not be used as the anode in the sacrificial electrochemical protection of a tin

cathode? -
A. magnesium \/\1’1\!)»‘.'7L w / ¢ 5§ ;QM/'L-;t 'ff@.m ! 1 )
B. zinc

C lead

D. iron

Question 20

An unknown substance has a relatively high melting point and conducts electricity both as a solid and a liquid. The
bonding holding this substance together is most likely to be
A. ionic

B. covalent

@ metallic

D. dipole-dipole
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Question 21 3x 1L 4x17

The equation for aluminium metal production is:

The percentage atom economy of this process is closest to

(4x27)

2AL,05(s) + 3C(s) — 4Al(1) + 3COs(g)

A. 32 % :
45 % 2,(&,@7*}@) <+ (3¢ 1)
C. 53 %
(&
D. 78 % = .......--w( f = Z
LEO
Question 22

Which of the following equations best represents the complete combustion of octane, CsH;s, in excess oxygen?

9 (e Hig + 380 —=ffco, »g~/@}!;‘”:ig -

A. CgH]g(1) =+ 802(g) —> SCO(g) + 9H2(g)

B. Cngg(I) + 402(g) —> SCO(g) + 9H2(g)
2C8H]g(]) 5 2502(g) —> 16C02(g) =+ 18H20(g)

D. ‘2C8H18(1) + 1702(g) —> 16C0(g) F 18H7_O(g)

Question 23

A standard solution is usually prepared in a

volumetric flask

B. conical flask

C. beaker

D. measuring cylinder
Question 24

Which list correctly orders the strength of bonding interactions?

A. dispersion forces > dipole-dipole forces > hydrogen bonding > ionic bonding
B. ionic bonding > dipole-dipole forces > hydrogen bonding > dispersion forces

@ ionic bonding > hydrogen bonding > dipole-dipole forces > dispersion forces
D. hydrogen bonding > dispersion forces > ionic bonding > dipole-dipole forces
Question 25

Which one of the following salts is insoluble in water?

%

C.
D.

lead chloride
ammonium chloride X
potassium chloride X

magnesium chloride

N

l

It o
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Question 26

Which one of the following covalent molecules would have a triangular pyramidal shape?

&)

B CH,
C. H,O
D HF

Question 27

Which electronic configuration is representative of the most reactive metal?

A. 1s* 2s% 2p° 3s' NG
LA
B. 1928235 [V Y,

@ 1s* 2s” 2p° 3s” 3p° 4s' K

2 2 6 1 6 2
D. 1s72s" 2p° 3s 3p° 4s Cé‘

Question 28

Which of the following atmospheric gases has the least impact on the enhanced greenhouse effect?

A. CH,
B. CO,
C. N,O
Question 29

Which of the following liquids is least likely to conduct electricity?

A. molten potassium bromide
hexane
C. mercury
D. an aqueous solution of sodium sulphate
Question 30

The relative atomic mass of magnesium is 24.31. The most important reason why it is not a whole number is that

A. magnesium atoms lose electrons when they react ¥
B. the relative atomic mass given is only an approximation ¥
@ not all atoms of magnesium have the same number of neutrons

D. the mass of the magnesium atom is compared to the mass of the "*C isotope
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SECTION B: SHORT-ANSWER QUESTIONS (73 marks, 80 minutes)

This section contains 9 short-answer questions. Answer all questions in the spaces provided.

To obtain full marks for your responses you should:

+ give simplified answers with an appropriate number of significant figures to all numerical questions;

» show all working in your answers to numerical questions. No credit will be given for an incorrect answer unless it
is accompanied by details of the working.

* include appropriate units for all quantities

« make sure chemical equations are balanced and that the formulas for individual substances include an indication
of state; for example H,(g); NaCl(s).

Question 1

Hydrogen chloride and sodium chloride are both soluble in water.

a. Name and briefly describe the type of bonding present in these two compounds.

QL —codelent ourads N ( ] shatecd Q,w)
Jo o .

\

&(’\A(\ \ - ENYALN \QQ-,JI\E,&J/\(:‘\ (Ok‘/\b\‘ﬁ"\b\ bC"r\QQ-—f'ﬂ h/\Q/\
- e - ot fehG
C‘AH\(C’C Ran (" - /)

(2 marks)

b. Briefly explain the differences in the mechanism of how these compounds dissolve in water. Using equations

and a diagram may assist you.

AP} L(\)
&‘L( ( \) —_——é N‘CA ( (*cmv | (./ c;V

olasecaah o,

)
! el H ] H < »
L, Ha ¢« Jt J- i
Nt o S A
X /4

Ob ACSN oaxr" YANE H H (2 marks)

c. Explain, using a diagram, why liquid water has a slightly greater density than ice.
PAOA\’;E«) = A\ASSS { \jc\\, AR e eSS a > Nolumo

(MKQ,/\Q\}\j S, \goa)

c»(\&g (’:vkg,\g \}\) e \ e C v\g_, e Y i § rv\cjﬁ‘,/\z\()/;\,/’*

<o \nes o \LH\& NEN VS NYY
O

oF

O

o,,.,,b

9
:«\\'\\ e~ (2 marks)
@)
Total 6 marks
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Question 2

When 2.30 g of a magnesium alloy was treated with 1.20 M hydrochloric acid solution, 60.0 mL of the acid was

required to react with all the magnesium.

a. The products of this reaction are magnesium chloride and hydrogen gas. Write the overall, balanced equation
for the reaction of magnesium with the acid (include state symbols).

ML‘;‘ -+ &RQ,( (e -, {\k?)ctz/kq%/) Wl H\ (ﬁ)

\ ) 7 -

(2 marks)

b. What test could be used to identify the gas produced in the above reaction?

" ‘ B o ’
\ ’\32_3“\ > U“\\/\/\'RDA S D\‘ \'/\ - \"‘ H\ = v(QO,\C\u\ 4 DS B
L. d = V \) [

(1 mark)
c. Calculate the amount, in mole, of acid used in the reaction.
(\ = C ¥ 5
) S t
= \“LC' s ( /\QQ_\Q/) — OQ}Z—M‘
(1 mark)
d. Determine the amount, in mole, of magnesium in the 2.30 g of alloy
AlMY) =2 | x 0.03) = 508k e |
s ,
(1 mark)
e. What percentage, by mass, of magnesium was present in the sample?

Az M fas AxM - 0.0206 x Q] = C)Qﬁlg\.’q) L&j

.

Se 0-%3S /d.30 ¥ (QQ = 2R £

(2 marks)

f. What volume, in litres, of hydrogen gas at 20.0 °C and 1.06 x 10° Pa would be produced in the reaction?
DN=:aer N =P .
Nty ) = 9036 wel - N2 O ot x 8 B[ x(JT3440)

C\"-»\ h»,h'c/) C\-Qg +\OS ) /ioso
= OR3FL .

(3 marks)
. What species is the reductant in this reaction?
MQ(\/) C}QQ\ (\\(\\/\/\ Q > "\_&\.
\) (1 mark)

Total 11 marks
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Question 3
A sample of ammonia gas is taken from STP to SLC and ends up having a volume of 150 mL. What was the

a.
volume, in litres, of gas at STP?
_,Li I\ V, =V, o \/i: N,
) ——— - — b
! o &“)\% L wt, I s T _—n VY
,-) i & ) (4
\I' l . = ASO x Q33
= \213 mL
(2 marks)
b. A sample of sulphur dioxide gas is held under the same conditions and has the same volume as ammonia gas

‘What conclusion can be reached from this information?
Sepal = I\/\Q)\ 0[ (ST AN OCCuUDIOSS  Sea VQ\“N\Q
Ce b\ C‘nr\‘\‘LX;\*\ SON

1.

ot

(1 mark)

How would the average kinetic energy of the molecules in each sample of gas compare?

Q\Q}ML kC QC e SN \‘@Ab‘.\w\c/( \“Q.
T O 0 U SYS AN .

“H\D c»\m\\v«\)‘l Ny m@ . :
(\(‘: X‘br\r he les \/\j Q_g,lu'm*‘\ WA e =\ xaax\
r 8

A

ii.

(1 mark)

1il. In which gas is the average speed of molecules greater? Explain your response

ok 2.l nelec ule

\ N*’\é Lece s AeSS

0. ~ AP AT P

C‘an
(.

(2 marks)

Total 6 marks

e
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Question 4

The results obtained from a series of experiments using 0.5 M solutions of acid A and acid B are shown below.

Test Acid A Acid B
1. Electrical conductivity (in amperes) of each solution 045 A 0.023 A
2. Time taken for 20 mL of acid to react completely with . .
. . . . 4 minutes 25 minutes
identical pieces of zinc
3. Volume of acid required to react completely with 20 mL of
0.5 M NaOH(aq) 14 mL, Hml.
a. Explain why the acids gave different results in both tests 1 and 2.
— N . 2 1 /
sy | — ont_cta u\ hes  par oS A &k\o\\q\/\ ( f\)

AAG o Ok \'\4 Dt st (\I\\SS‘\ ’\/‘\JI\Q

b L meisd B oasdek bt sheiens el e
e MY iaes W Yeosd M ZA tesies
(2 marks)
b. Name the type of reaction which occurred in test 3.
(\Q/\A\N‘c«\,t\xoﬂ% QO\: .
(1 mark)

c. What conclusion can be drawn about acid A from the results of test 3?

4
L s SMee s T oroh Deokaces pore M

()

. . A\ ) )
LANSS B\QY ANAD \ Q C anr \ Q. (] '» S D/( (‘ ."“ L\ RD\S H{

J

(1 mark)
d. Calculate the pH of the 0.5 M NaOH solution at 25 °C
NoOH ' Shere S Cor™ ] = TAwor]
p— = QSN
r\/(41rTQ 1 "\(\;H—
CHF] =™ - @7 "
M = =loa (AxO ) = 3
! " e
(3 marks)

Total 7 marks
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Question 5

Two aqueous solutions were prepared: a 0.90 M silver nitrate solution and a 0.20 M magnesium chloride solution.

a. What mass of magnesium chloride would be needed to make a 0.20 M solution in a 250 mL volumetric flask?
250 ! v
\SC N N i ey OQ x( /N\w) - O.0OS s MQCl)
=M ".fm«/\)cM=Ou§ Y[l%lH(lx&‘s B))

SCEENS
= L(‘ 8@) (2 marks)

b. Write a balanced equation, showing state symbols, for the reaction between the two solutions.

QA‘C\)NQ\_\) /L‘:'i//‘ 4 r\'ki\)Q(L(u 2 ‘\/\M(Nc’a)a Csmed "' &A“Q—C,l (\1

8.}
v/ S g Y7
(2 marks)

c. If 35 mL of 0.90 M silver nitrate solution is mixed with 75 mL of 0.20 M magnesium chloride solution, what

reactant will be in excess, and by how many moles?

A=y DANO, )= 020 ¥ (3iae) = O QUT pof
m(w%u\b/\ =030 % ((Plais) = 0.0\ psl

Ll rebe ANO MG se O.03ae0 AN, pegoled]
D) 8) J = o

AND., ‘A~ XS b (oS — 0O ) = 0.0 el
AR ) C 7

(3 marks)

d. What is the name of the precipitate formed, and how many grams of it will be obtained?

A{\A\C\):&// ‘t‘/\(fv\C( ): A x QALY = a- \2)«&&\
M= e M= ﬁa\ o [\kﬂc’(—\ SN 5)* ‘—l—gc\

(3 marks)
e. Write the ionic equation for the reaction and give the formula of the spectator ions.
Q»AQ‘*("‘\l 4 (g—c/( (=) 2 (;A‘Q“(‘S.
S, - NG Shecieder v
‘\‘DJ S T /\/Ej C ) v (2 marks)

Total 12 marks
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Question 6

A galvanic cell is formed by the combination of two half-cells: X* /X5 and Cu”*(,/Cu(y. When the cell is

operating, the electron flow is as shown.

{ ‘\'i flow of e_l
X(s) salt bridge - Cu(s)
~, //“‘ //‘
X e — e on g
e (—
a. i. Write a balanced ionic equation for the reaction occurring in the cell.
~ 1+ (¥ b )
ii. Which electrode (X or Cu) is the cathode?
iii. Which electrode (X or Cu) carries a negative charge?
pal
iv. In which direction (towards X or towards Cu) do anions move through the salt bridge?
*‘% wercAy X
V. Give the symbol for a metal that would be suitable for use as metal X in this cell

Mo AU Za Pb  Si Co
S I { 1 [ 7 (
(1+1+4+1+1+1=5marks)
b. In another galvanic cell the Cu2+(aq)/Cu(s) half-cell was connected to an Ag+(aq)/Ag(s) half-cell. After some

time the silver electrode had changed in mass by 2.5 g. What is the expected change in mass of the copper

electrode (remember to state whether it increases or decreases)?

n(AS) = @-f/ 3R e OR8]
A\ rebs f\j\ (C‘M AfCe) = Uy %002l = O O kel

~ 7

AeM =oa = 0.0\6 x63'SS = 0-333,  olenrecae
= 0.3, |

: : \ v )4 \ @ s)
&»A\_D'\‘ —_ 7 Ay — »Q ,% ) -+ CM sy ) marks

Total 9 marks
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Question 7

An organic compound has a percentage composition by mass of carbon 54.4 %, hydrogen 9.2 % and oxygen 36.4 %.

a. Calculate the empirical formula of the organic compound.
. H O
S -1 Q-

“Ac sy Sl 333 ev-C, 1, Q

= saedl SR L QT |

—~ i . I

(3 marks)

b. A 1.32 g sample of the organic compound has a volume of 0.347 L at a temperature of 395 K and a pressure

0f 9.46 x 10* Pa.

i. Calculate the molar mass of the hydrocarbon

PN= AT oo B[R s (b x\Q‘i)/\ocQ x 0.3%4
23 x IS

Q. OO0 Asc)

1)

i’

~

N = M/M S M= I\A(//L — \%Z/T\-Q\ E \C’;l\oj pal

ii. Determine the molecular formula of the organic compound. (

M(( ., O (;Ly\&@\’a(ux\&\\)J(lb-L\Q: q.qkoecﬁ/uu("
L 13 o
\A-L/uu-l:&ﬁﬁ * 3 MY s IxEF = C MO,

(3 + 2 = 5 marks)

C. Draw and name all the structural isomers having the molecular formula, C,H;,
b ] oL
e —_— PSR o R — —_— —
e B - B et St

( { ( | { \ \
b 4_/\%‘@“‘{ % C
(

Q. \ ( _ (4 marks)

Total 12 marks
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Question 8

A number of methods are in operation for the desalination of seawater, including distillation and reverse osmosis.

The Victorian desalination plant uses reverse osmosis to purify sea water, as shown in the simplified diagram below.

The electricity needed to drive the process is obtained from a coal-fired power station.

pressure applisd

Ll

5 eamatar

>

concentrated £ ait

solution
pure water
tark A tank B
selective
membrane
a. The concentration of sodium chloride in a saltwater sample was 3.1 % w/v. Express this concentration of

sodium chloride in mol L™
WA w\‘\i MeSNAS 8"\m N‘~C,( pU \QOML (Q\\v;jnsf\
i NeC ) = M= &T‘(’/(.;&G\o\ £35-5) = O .OSR rof

W 0.0S3 pel Ne€ on W00mC _
most o 0.05) x (O gl inea L™ QSR e\ L
(3 marks)

b. Explain why the output from tank A has a higher concentration of ions than seawater.

M dek T wgng * Bankat NN

‘\)\—\mwu W 5o lec e N«OJ\A\()V@/\Q

- wo ool oot FH OV oAy SeaS Scal
# wWedey are\ocaleg N s Corre //l\ -

(1 mark)
c. Give a specific example from the Victorian desalination plant using the reverse osmosis process which does

not illustrate the ‘prevent pollution’ principle of green chemistry.

()Aur%w (NQ_LC\(.AN - waes \six (rf ,_Qleo‘\nc\f!\y
QQ%{J\Q_LQBX &\(\f\/\ Cae\ \\n\,AQ) g“b\h\/ﬁ Q

e decte s \FQ\\ Ud\ S (1 mark)
Total = 5 marks
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Question 9

Write complete and balanced equations for the following partial equations (including state symbols).

a. Mg(OH)z(aq) + HzSO4(aq) —>

(1 mark)

b. lithium carbonate,q) + hydrochloric acid g — b‘\ Hhavan clancke C~) 4+ AR ST (L )
Y Csrloan SNaadR ()

(1 mark)
c. SO32'(aq) acting as a base by reacting with water o
; 9~ oy A~ cenpa— |
(1 mark)
d. HPO42'(aq) acting as an amphiprotic ion by reacting with water
: o N -
HDOLL Cee=r ). F ‘l/(\()l ¢\ = P PQI/ (K=" + OH (S )
‘ 1 - v i N 1 ;;(— 77 _ \"}_ v
HPCI(L (_(éw) + H\ C/(\\ po:: Cepey ) % H\(J (agy j
i L 44 [ / &7 b 7§
(1 mark)
e. H>POy4 (aq) acting as a diprotic acid by reacting with water
= : 2S5 2 AL
HL‘PO/I C=rg l h) H\ D. :\\ = Hpou (o ) + H'\Q) ch‘I J
b i [ ey v &7 5 7
o (1 mark)

~ , . = ) i
HDQY_Z C=maq ) F HLO\:\) - %UL?[} ey ) HLBQ (e)

Total = 5 marks

END OF QUESTION AND ANSWER BOOKLET

e
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