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CHEMISTRY
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Section l: Multiple Choice (15 marks)

Answer allquesfibns on the Multiple-
choice Answer Sheef.

Section ll: Extended Response (65 marks)

Answer all parts of the questions in
the spaces provided in the
Examination Paper.

NESA-approved calculators may be used

CHECKLIST
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1 Examination Paper

1 Multiple Choice Answer Sheet

1 Data and Formula Sheet
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SECTION l: MULTIPLE CHOICE
Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

1 Sodium undergoes rapid corrosion. Which of the following will increase the rate of

the corrosion of sodium?

Storing it in oil

Storing in the fridge

lncreasing the surface area of the sodium

Storing it in a nitrogen atmosphere

The following table gives information about the protons and neutrons found in four atoms

Use this information to answer questions 2lo 4'

protons neutrons

W 10 10

X 11 12

Y 12 11

Z 11 11

2 Which pair are isotoPes?

(A) XandZ
(B) X and Y

(C) Y and Z

(D) W and Z

3 Which atom/s are likely to form cations?

X only

X and Y only

Y and Zonly

X,Y andZ

4 Which atoms are most likely to be unstable and undergo radioactive decay?

(A)

(B)

(c)

(D)

(A)

(B)

(c)

(D)

(A)

(B)

(c)

(D)

XandZ
XandY

Y andZ

WandZ

4. Bot14

L<) ts

tI"V\
q*ug-^cepkA 

a'l

f t{ errcof
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5 A transition metal ion X3* has the electronic configuration [Ar]3d4. What is the atomic
number of element X?

(A)22
(B) 24

(c) 25

(D) 27

6 Which of the following contains the lowest concentration of sodium ions?

(A) 0.20 M NtuCoHsOz

(B) 0.35 M NazCOg

(C) 0.50 M NaCt

(D) 0.65 M NaBr

7 The volume of a gas measured ar27"c and 100 kpa is 20.0 L. what final
temperature would be required to increase the volume to 40.0 L at 100 kpa?

(4 54.C

(B) 300"c

(c) 327"C

(D) 600.c

8 Two elements X and y have the following successive ionisation energies

Which is the most likely formula for the compound that forms between X and y?

&Yz

&Y
YzX

YdK,

(A)

(B)

(c)

(D)

1"t 2nd 3rd 4th 5th 6th 7th
X 101 1 1 900 2910 4960 6270 21 300 25400
Y 737 1250 7730 1 0500 13600 1 8000 21700

Page 4
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co
g
c
o(,
c
o(,

co
IU

co
{Jco
rJ

9 Which graph best represents the change in concentration of products over time for a
reaction as it goes to completion?

(4 (B)

time time

(c)

time time

10 Which of the following molecules contains polar bonds but is not a polar molecule?

(A) NHs

(B) SOz

(D) PCts

11 Which of the following contains molecules that exhibit dispersion forces only?

(B) Fluorine gas, methane, water

(C) Ammonia, carbon dioxide, hydrochloric acid

(D) Carbon monoxide, hydrogen disulfide, silicon dioxide

c
.9
E
c
o
ctc
o(J
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12 What would happen to the pressure of a given mass of gas when its absolute
temperature and volume are both doubled?

lncrease by a factor of 2

Decrease by a factor of 2

Stay the same

Cannot tell from the information provided.

13 How many hydrogen atoms are present in 10.0 g of ammonium sulfate?

(A) 4.56 x 1022

(B) 9.11 x 1022

(C) 1.82 x 1023

(D) 3.65 x 1023

14 3.0 g of magnesium was added to excess 1.10 mol L{ hydrochloric acid

What is the mass of the gas produced?

(A) 0.12 s
(B) 0.25 s
(C) 2.22 s
(D) 5.43 s

15 A brand of fertiliser states that its phosphate content is 23%o by mass.

A boy wanted to check if this statement was true. He completely dissolved 2.5 g
of the fertiliser in water and then reacted it with excess Al(NOs)e.

What is the expected mass of precipitate that would be formed?

(A) 0.16 s
(B) a.74 s
(C) 1.07 g

(D) 3.21 s

(A)

(B)

(c)

(D)

Page 6
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SECTION ll: 65 marks
Attempt ALL Questions
Write your answer in the space provided.

cRtg (ru)
CANDIDATE NUMBER

Question 16 (2 marks)

Give the full electron configuration for the following

(i)

z z d

(iD Ca2*

z z 6 5

Question 17 (2 marks)

Write a balanced chemical equation for each of the following chemical reactions;

0 Potassium metal reacting with chlorine gas

Marks

1K

I

?

z

I
53

3

1

(ii) Sodium hydrogen carbonate reacting with nitric acid

I

or

+zK&
. storle s reTuve/ €ar +l^c Mtk

+
("q)

, s*a,ks (t7 u feal '&t t1.1e ,aorle

1

L9
tlLO@;r 44)

PageT
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Question 18 (4 marks)

The graph shows the melting points of elements in period 3 of the Periodic table.

1800

1600

melling point 1000
IK

0

Marks

800

600

t9
alomic number

(a) Explain why magnesium has a higher melting point than sodium

{0 11 14 15 16

a

a

ar
2

2

a e a .'

'l ,onk
I *o"k

hos 64. ftsd
(b) Explain why argon has a Iower melting point than chlorine

A,. hos ueark€r /e,rpta &r=s|t't

L f ,, )

^l*t
a

a lC

tL^a^ At a^A fTterrQre atak'r /" tM{k
nlovaL @f.r olvfery,on,At

Page 8
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Question 19 (5 marks)

During an experiment, 3.80 g of solid sodium hydroxide was added to 150.0 g of water with
an initial temperature of 23.5'C. After the solid completely dissolved, the final temperature
'of the solutioh was 28.0"C.

(a) Calculate the molar enthalpy of solution for sodium hydroxide (in kJ molr).

OH =g
.8D =p.oqrD vra L)

.-LAI
.o x x .5

2LrUT 14 l"

Marks

4

He: -L 2L f-P I -/
)I

3,ol r
I

2
- -4

a.o o

(+" 3 af) I lr)MA

(b) The theoretical molar enthalpy of solution is -44.5 kJ moli. Provide a reason for the 1

difference between the theoretical and experimental values.

r UAM u

Page 9
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Question 20 (5 marks)

(a) Aqueous XOc3- ions form a precipitate with aqueous silver ions, Ag*. Write a
balanced equation for the reaction, including state symbols.

A + / 3 +

Marks

1

1

ttolq ruo
nc(b) when 41.17 mL of a solution of aqueous silver ions with a concentration of

0

0.2040 mol L-1 is added to a solution of excess XO+3- ions, 1.172 g of the
precipitate is formed.

Calculate the amount (in moles) of Ag* ions used in the reaction.

+ : o.o II o.eo
6t\4 I

= O 'oOA +OI p\rl

(ii) Calculate the amount (in moles) of precipitate formed

-6. 1"40 I

3 a- oo gaA lv.al

1

-

(iiD Calculate the molar mass of the precipitate.

xo :l
g.

1

.oa oa
-lI

(iv) Determine the relative atomic mass of X and identify the element. 1

),

I

x t5 phas1ha,.P5
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Question 21 (6 marks)

Below are some properties of aluminium fluoride and aluminium bromide'

Meltinq point ('C) ConductivitY in liquid state

AlFs 1265 H h

AlBrg 98 low

Classify each compound as ionic or covalent molecular. Justify and explain your

answer using information from the table'

Marks

2

(D

4
(D

C- et {Q4
e-I'trtt+a161'r-

3-st^5 sltc
bt,^of4'

H -,t^"t-i*

IJot"lw":

r-l^a
t-t- t^:Ctr(a tt-LG

Udc: *r decqltQ-t

vki*ti* tffi.=
(iD Explain, referring to relative electronegativities, the differences in bonding seen for

these two aluminium halides.

^l^^_

*Br tf-C>n tp.Vtsoa.

I

Page 1 1
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Question 22 (5 marks)

Methanol, CHsOH(g/ can be produced by the reaction between carbon dioxide and
hydrogen.

COr(g) + 3Hz(g) --- CHgOH(g/ + HzO(g)

The table below gives the enthalpy of formation and entropy data for the substances
involved in the reaction.

Calculate the Gibbs free-energy change, AG, in kJ moF, for this reaction at 298 K to
show that this reaction will not be spontaneous at this temperature.

At$ = C-eot -2+r) - c- 3?r)

Marks

4(D

COzb) H"b) CHgOHt'o) HzO(s)

ArH / kJ molr -394 0 -201 -242
S/JK-1 molr 214 131 238 189

^ -/lA l^. o 1-\ {D
AS= C.)38+ ) - C:r+ + 3r r3r)

=- -t9o\C--t zr^^ot-l O
Af. = Au+-tAg

Carrutrrq>^ +o (r-G gt,na>fl

:4.6*Len.nst-, (D

(iD Show that the reaction becomes spontaneous at272 K. 1

Le*-a.o'=-D &C^ = 4+9.-l+:F-o.r.&5

- o.\80

= -9. ,^a nl

-tt4'

=.)+j1

Page 12
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Question 23 (5 marks)

(i) List the following covalent molecular substances in order of increasing boiling

point (lowest first).

CzHo CHoOH CHoF

Marks

1

< Ct*s€< cktsot+

(ii) 
{Rkff'#:ffi

of boiling points in
c -l&

(i).

k+ tsP

4

i:rsk- d{r\e.-I

s
c

r+

J^.eL Ld{^Gr^e

€A/oNile'^ .{^d^^ dJ+rY.o'^ R,*'.s(D

o'{Er$G^'. bF >, GUa dLrtp^l*^. S4qg
bO:> CtQe &FJo*at1st.q
KB+ Cttort hj"llq^ lca^d'\

D -> cl^rects re'ss,ll5 $ o"a*;"1a

N) oLe '. .tk

I

hJ

{K4 g1,r1- Ci) a.rcsrecl- r 4 Lnrs cr.a".cet t-.6lr*

0"::*" cii), €o a
,F-+il ui;-tuousrnl< .). Ct)
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Question 24 (8 marks)

Hydrazine, NzHa, is an inorganic compound found in some rocket fuel

(a) Hydrazine is described as having acovalent molecularslructure.

0 Describe what is meant by the terms covalent and molecular in this context. 2

'- Shrta[ 6t( ilu"km'ri bt*ocu.

lrro ^hn^ 
5,

orl.''clrs

Marks

l{o1b 1

V-, 0." b"15

c.rrJil,r.il z /.2
o^ l'l^il ycJtoz..

is

L o( 6orl tLr,^f,

aa aa

H-N- N-d

Difq;1la skct^4wa ltrah bu n
sp*woth S}rr^ohr2ftcnrrtaq

?rd.d(/ hrll loy,tt, n ly ua&

H -N -N-tthh

Aw?t ' a h^ a\

d;s7ttstv, l-*
(ii) Draw a Lewis dot diagram/structure for hydrazine

aa .a
Acct?r ra2 I Mrcr :t!f\,r\,:,.l

O'

a

Do

2

ll il
A -Nc N-d

jh
NolC, No nafi.S

hf iacorrtcl
hr''.-l'. l

0t
sL

tllt n
(iii) ldentify the electron pair geometry around one of the nitrogen atoms.

'h.l..oh*fJ
1

hg'1gll t Aoul 6u\rL,r/ n^oI r-.I&cs u^so{ pr 7a[ ii

lFTo . M*? :[.-lrJr y:2 tlc ,.alneJa gron*ry
r;rlr{l * }ro $ic[^^ 7a;r yo,"]r2 .
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r I 7 (b) Gaseous hydrazine undergoes combustion to produce nitrogen gas and water
Act-Wt , H ZO 

(? The standard enthalpy of combustion, AcHe, for this proces; is -oeg kJ mof1.

Marks

INaV, Cor-J.. Lt (il

3l.lr,l
.J b.la^ci^.
\^l t Y. cJ
166 r'.arlr , (ir)

Write a balanced chemical reaction for this process

N"H + o
Draw an energy profile diagram for this reaction, including labets for AHs, and 2
activation energy, Q

6^

R^*"^Is

N

Pr"A-*1

-7-+lro k;

enthalpy

r\19tLl,L

progress of reaction

AH

nnftll]r I '. A,--ka f.r ucfu;+ uoJ? FPu 4'* q<o llcrr^ic, cl''t}.."a

L , Corrrcl lalall,;5 trd

3d**)
At'l ^^rl EA

Page 16
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Question 25 (3 marks)

The successive ionisation energies for element X are shown in the graph below.

ililn

2s(ru

2(tr{n

lonisatbn ro
energy
ftJ mofr tfim

5000

I

/
(

3tt56
Number ol lonlsation

0
2I0 789

Explain the shape of the graPh and an element that this graph could represent.

a

ItnnA z :

FFAtr

Aro 3 rtg
*rl /sl"cllrb

t5 Apr;o^ci^S

F,d terr shil)i^2

3 : ILD rJc^^t
At,-;'.,.^^ (r. otLz Ty j .rJt*.J uih

lrulrv l4; !' {eofro.r)

ScJi*6^ ob" a,ccr gk.at.
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Question 26 (3 marks)

A student performs an experiment to determine the formula mass of compound A using the
apparatus shown below. The student injects a liquid sample of compound A from a fine needle
syringe into a gas syringe in an oven. At the temperature of the oven, liquid A vaporises.

Heated oven

Fine needle
syringe

Gas syringe

The table shows the student's results.

Calculate the formula mass of compound A to 3 significant figures.

Mass of fine needle svrinoe before iniectino 11.295 o
Mass of fine needle syinge after iniectins 10.835 o
Volume of before 0.0 mL
Volume of gas syringe after iniecting 178.0 mL
Pressure of gas in gas syringe 100 kPa

120C

o v I O nL

^ 
k'T A v loo x 6.1?t

B-'T 8-7tv x 317.rt

MMt -_ L twvt ( a) .
11

? f^ W -. CacctoL- aah;tt h 3 siq (.o,
Z rlrho;ugf : Dac eclc zrnf o( .nl o{lo

8t- 5 9
r -lAoA

I nAn: n(A) oa {(A
Page 18
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Question 27 (4 marks)

An Airbus A320 plane, in need of maintenance, is located in a hangar at Sydney airport. As
part of the maintenance, its two engines are run at the same time in the idle power position
for 15 minutes. Due to a malfunciion, instead of producing carbon dioxide, all engines are
producing carbon monoxide according to the following incomplete combustion chemical
eguation:

crzHzo(l) *tprtol-* 12co(g) + 13Hzo(l)

The NSW Government has determined that exposure to carbon monoxide levels above
25.0 pg Ll is dangerous.

A total of 200.0 kg of CrzHzo was combusted in the hangar. The volume of the hanger is

2.N x 1010 L.

Determine if the level of carbon monoxide produced in the hangar would be dangerous. Use
relevant calculations to support your answer.

ooo

I .7ZE sf

ce ll+t+. Z ^ol

j1J J-'Srq I J

A|re? 7
lVootO nol

sttt I CcD) lYoQo nol

srot rl coac (c t)

Z. oo x lo'" L
? . o?5 x lo -?^"d L-r

lo-+ x Zt.,gl *l'
J

lo -E I

5L-
l'l-? ry L-l

.t, Aot A,-",gt;,r.J

,l4ax L
c*:thA ;

k uAgh5
7 rr.AOht
L II4VU\

lq'7 a L-'

, Att o*rrtl
z DaL ;aurtcl sleT

: Al ltrfl Fr.ro coffril J

lra OaC wn sI1 Page 19
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Question 28 (5 marks)

Crocetin consists of the elements carbon, hydrogen and oxygen.

(i) Determine the empirical formula of crocetin, if 1.00 g of crocetin forms 2.68 g of
carbon dioxide and 0.657 g of water when it undergoes complete combustion.

Marks

4

2;6t

0.
= Q.OLOl c = f. c.6c- ,r,^ll

= O 'O'lLl ,tal

* (0\

n^ = l-oo 0.06 0?r 12 O.o121 r I q2&) O.tQs

o.tlS = O.OlfZ ,^^,1

c o. o 601

[,(: O .O+Lq l.Z -2 b

: O, OIZ> o.!- I

(ii) Determine the molecular formula of crocetin given that 0.300 mole of crocetin has a 1

mass of 98.5 g.

lh [14 = e^
Qt.s 32r .j3

3

VVlttt^ H o t 2_ .oq&

( c, gvt'v\ &0,- e\)



Question 29 (4 marks)

Ethane, CzHa(g), can be represented by the following structural diagram

_H

H
The enthalpy of formation of ethane, Ll1, can be represented by the equation:

2 C(s) + 3 Hz(g) ---, CrHu(Q)

Given the following data, calculate the enthalpy of formation of ethane.

C(s) -, C(g) LH =715 kJ moF

Bond enthalpy (C-C) AH = 348 kJ mot-1

Bond enthalpy (C-H) AH = 413 kJ mol-1

Bond enthalpy (H-H) AH = 436 kJ mol{

H

+ 3l{

bowolr L.DLa^ bshdr 
"^^ 

dJLreA

. Q+ zY\3b =tf 39t r6Fql3

Al'{ : +l3ot -Tszb lsr& hrO I

2C
->

+
-)

= -\sl8 *ol'l
AF{ = {lq3o 6"al 4

2 +-3 z -lSl8 l- lq 30

-K tT,^^l
,rr*^lU4 

C) ea.

Tl^id ultN , og "yy
.r1u toifr'rl J.

V

" aU/..

S\$+
es peciull5 ,^t-fh +& a"\d usi3 ; chl,Wtdfut v",J;#



Question 30 (4 marks)

An equimolar mixture of two alkali metals with a combined mass of 59.87 g was burned in
oxygen. The volume of oxygen used at 25oC and 100 kPa was 6.842 L. ldentify the two
metals, showing all working.

*^le^ral v*dtrpal b
-z G,?qL

ofN aI^SVtr

? O ,,uD\

zq xI
o.13 ^^oialIt,rA

gM CIlkort 
^,.01L{x t -2

h

ftl
Y .ss2

qt \^

* 0.SSZ0 t YtA hA Y

odt't

lA n x
) .t- 2'1 + 0

v\ O

Y O.SSZO = sq'87
h ).2

rlro

y,^,o*

"tl^a_

q 
JS u'n^(-

''^^a*)

r^^Lt dJ)

u.f0l
,t.l^0

CO\IA tM-trn (l,ttrA,r

3\s' Crlnio *r^g ot

h rot
cg a ot-'Tu

LCn^il e'g-

drrrd 'I'

ff^t{-
, lrt u"o*,1,s

aJLqIi

be$ cu\^9\r4', Cs l' Lb a^A

C,\ 1l'.l

w\
" 

(or\ \A (') =w

\^ p did hr)t Ltno*l *I^at}

hre,t( I


