STUDENT NAME: SDLOTIONS |

Year 11 VCE — CHEMISTRY

Unit 2: Written Examination — November 2011

Teachers’ use only Tick your teacher’s name
Section A (20) Dr Fleming
Section B (64) Miss Georganakis
Total (84) MES Webb
Percentage (%)

QUESTION AND ANSWER BOOKLET

Reading Time: 15 minutes Writing Time: 1 hour 30 minutes

Section Number of questions Total Marks
A 20 20
B 8 64

Materials

Question and answer booklet of 15 pages.

Answer sheet for multiple-choice questions.

Data sheet.

You should have at least one HB pencil and an eraser.

An approved scientific calculator may be used and a ruler calibrated in millimetres.

The Task

Please ensure that you write your name and tick your teacher’s name in the space provided on this
booklet and in the space provided on the answer sheet for multiple-choice questions.

This paper consists of two sections, Section A and Section B.

Answer all questions from Section A. Section A is worth 20 marks.

Section A questions should be answered on the answer sheet provided for multiple-choice questions.
Answer all questions from Section B. Section B is worth 64 marks.

Section B questions should be answered in the spaces provided in this booklet.

There is a total of 84 marks available.

Working space is provided throughout this booklet.

All written responses should be in English.

At the end of the task
Place the answer sheet for multiple-choice questions inside the front cover of this booklet and hand
both in.
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SECTION A: MULTIPLE-CHOICE QUESTIONS (20 marks, 25 minutes)

This section contains 20 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

Which one of the following contains the least number of molecules? 4
i A
A. 1 g CH, ' D
v 9 \
B. 1 g C2H5 ; f;‘-j »
" \\J "--.“
C. 1 g C3H3 \k’\} / FaWR )
o v \ {
L2 Cit V' o ~
~ N
Question 2

The number of ions in 0.5 mol of sodium carbonate, Na,CO; is closest to

A. 3.0x 10%
B. 4.5% 107
C. 6.0 x 107

@ 9.0 x 107

Question 3

A sample of vinegar containing 0.200 mol of ethanoic acid, CH;COOH, has a concentration of 0.250 mol L' of

ethanoic acid. What is the volume of the solution?

A. 8.00 mL
B. 12.5 mL
C.) 800mL
D. 1251
Question 4

If a sample of gas in a container of fixed volume is heated, which of the following will not occur?

A. The average speed of the molecules will increase.

B. The pressure exerted by the gas will increase.
@ The density of the gas will increase.
D.

The average frequency of collisions with the walls will increase.
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Question 5

The majority of nitrogen found in the biosphere is present as

®

B NO;y
NH;
D NO,
Question 6

The following ions could act as bases. Which one has the least tendency to accept protons?
® o
B. NH;
C SO.*
D CO,”

Question 7

The sample of gas that would occupy the largest volume at SLC is

@ 1.0 g CH,

B. 1.0g 0,

C. 1.0 g CO,

D. none of the above as all of the gases would occupy 24.5L
Question 8

Which of the following would not be a source of carbon dioxide?

A. the burning of fossil fuels

B. fermentation of sugar to ethanol

C. the production of calcium oxide from calcium carbonate
photosynthesis

Question 9

Which of the following is a weak, diprotic acid?

= |

A. HCOOH ~

B. I}ﬁd‘;

@ (COOH),
D. C.H,
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Question 10

A flask of mass 80.0 g is filled with CO, (M, = 44). Its total mass is now 82.2 g. If the CO, is replaced with the same

amount in moles of CO (M, = 28) under the same conditions, what will the total mass of the flask be?

A. 80.14 g
(8) s14g
C. 822¢g
D. cannot be determined
Question 11

The Contact process for the synthesis of sulphuric acid involves several stages. A key reaction is the conversion of

sulphur dioxide to sulphur trioxide according to the equation:
280,(g) + O, — 2805(g)

The maximum volume of sulphur trioxide, in litres, that can be prepared from 60 L of SO, and 60 L of O,, if all gases

are measured at the same temperature and pressure and assuming the reaction goes to completion, is

A. 30
’
C. 90
D. 120
Question 12

A Bremsted-Lowry acid is defined as

A. an electron donor

B. an electron acceptor
@ a proton donor

D. a proton acceptor

Question 13
The pH of a solution of 0.1 M K,HPO, (aq) was found to be 9.3. The best explanation of this is

The K* ions form KOH in solution.
K,HPQO;, is a proton acceptor.

The HPO,* ions are ampholytes which preferentially donate protons to water molecules.

A.
B.
C.
The HPO,” ions are ampholytes which preferentially accept protons from water molecules.
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Question 14

Which substance can be dissolved in water to give a 0.1 M solution with a high pH and a high electrical conductivity?

A. HCl
B. NaCl
C. NH,
NaOH
Question 15

The pH of solution X is 1 and that of Y is 2. Which statement is correct about the hydrogen ion concentration in the

two solutions?

A. [H'] in X is half that of Y

B. [H'] in X is twice that of Y

C. [H] in X is one tenth that of Y
@ [H'] in X is ten times that of Y

Question 16
A simple way of detecting ozone in polluted air is to bubble the air through a potassium iodide solution. In a redox

reaction, ozone oxidises colourless iodide ions to yellow-brown iodine. The correct equation for this reaction is

A, 205(g)+2I(aq) — L(aq) + 304(g)

B.  Os(g)+2[(ag) + 3H'(aq) - L(aq) + 30H (aq)
@ 04(g) + 2I'(aq) + 2H'(aq) — L(aq) + H,O(1) + Ox(g)

D. Os(g) + 2I'(aq) + H,O() — L(aq) + 30H (aq)

Question 17

Which of the following pairs of substances when mixed, should react?
A. Sn**(aq) and Fe*(aq)

B. Ni**(aq) and Sn*"(aq)

C. Zn*"(aq) and Fe(s)

Ni(s) and Sn**(aq)

Question 18

In which of the following media would iron corrode at the greatest rate?

A. Distilled water
B. Tap water

A Iced water
D. Carbonated tap water
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The following information relates to Questions 19 and 20.
An experiment was conducted to determine the reactivity series for metals P, Q, R and S by examining any reactions
which occur between the metals and solutions of the metal ions. Some of the results of the experiment were:
* Metal P reacts with metal ion $** but not with metal jon Q>

» Metal Q reacts with metal ion $** but not with metal ion R*

—r

Question 19

Which of the following identifies the decreasing reactivity of these metals, starting with the most reactive metal?

A, Q,P,R,S
R,Q,P,S

C. S, Q, PR ”

D. QRSP

Question 20

A galvanic cell is constructed using P**/P and R**/R half-cells.

Which of the following shows the expected reaction at the anode of this galvanic cell?
R(s) = R*(aq) + 2¢”

P(s) — P*(aq) + 2¢

R¥(aq) + 2¢’ = R(s)

P*(aq) + 2¢ = P(s)

- 0 2@
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SECTION B: SHORT-ANSWER QUESTIONS (64 marks, 65 minutes)

This section contains 8 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; unsimplified
answers will not be given full marks.

« 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.

« 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

a. Aqueous silver ions, Ag” ions, form a precipitate with aqueous XO,". Write a balanced equation for the

. balanced (1 wmavk)
t 3= .
2 A(qJ gt XO‘{'@‘{) — Aﬂ37¢04,(3, states (L wmavk)

reaction, including state symbols.

2 marks
b. When 41.2 mL of an aqueous solution of 0.2040 M Ag" is added to a solution containing an excess of X0,*>
ions, 1.172 g of the precipitate is formed.
i. Calculate the amount (in moles) of Ag" ions used in the reaction.
Am ) cxV
=0-2040 x ‘H 1x Io
= $.40x (07> mol (1 park)
ii. Calculate the amount (in moles) of the precipitate formed.
; : -3 -5
V\(Ach,)(()i\ | h(A-ch)(Oq_\: §-40x10"" — 2-Y0X (o “wel
MY i SR N / p
V\{ A +) } 3 .
59— (Lark )
([ mar k) h
iii. Calculate the molar mass of X. éhow all working.
M 3 m X0 , )
n= W, 2-59Ki0 = ‘Tw XxleTq X+ 4xlbo= N b
/ | Vv ) , . ’
’VVW Y X=30-4 (I mark)

( KUJ (171 = A% 6
A ‘50?(!0 ([ IMUI('()

1+2+2=5marks

Total 7 marks
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Question 2

A neutralisation reaction between barium hydroxide and sulphuric acid was performed.

a. Wirite a balanced chemical equation for the reaction between the barium hydroxide and sulphuric acid
solutions. (, Ma ,k coviec + /ma(aa}

| ; roaluuh P
a(0H), 0t HyS0q0py—> Ba SOq5 2H, 04
U mayk-w{,edb&&nirks >
S

b. Calculate the mass of barium hydroxide powder needed to make 100.0 mL of 0.050 M solution. $

n@m(@“)_i) = ¢ V= 0:050% 01000 = 5-0x107% mol (I mark)

M(Bﬁ(ol—\);), n+M=50x 2113 0 3¢ 4 (l “arlc)

2 marks

c. Explain why barium hydroxide conducts electricity when dissolved in water.

Par 1um lm;ldloxrede, 50'(9! cons{ﬁj 010 barium tons and hwdrw&le —
bonde d Jroij&ev i lithee . Dusolving i weter hreaks the honds between fhe tons
ap\o( aLUowS 'ﬁq(m ‘,‘0 Moy e w:depe,v\dwi’l\'{ So Hot (,L\a(j,e i e mea’ 1:4 the So’uﬁox\ :

1 mark

d. If 5.5 mL of a sulphuric acid solution was required to exactly neutralise a 20.0 mL aliquot of barium

hydroxide, calculate the molarity of the sulphuric acid used in this experiment.

n(\MOH\L)= ¢ x\N = 0:050x 0-010 = 0:0010 mol _(( mark)

n (\@a(OH),); nQ+7SD4\_ = 0-0010 mel (l mavk )

: . O 0010 '
AR = 0-1gM (1 mark)
O-0053%
3 marks
e. State which pieces of laboratory equipment would be used to dispense the required volumes of barium
hydroxide and sulphuric acid solutions.
BG\(OH\ W{;G&Hf’; (i ma«k\,
H, 504 —> l/)we’H'c (| mark)
2 marks

Total 10 marks
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Question 3
Ammonia gas has a high solubility in water of 75.1 L in 100 mL of water at 20 °C.

a. With the aid of a balanced chemical equation, explain why water containing dissolved ammonia

would appear pink in the presence of phenolphthalein.

= L,
W@y + HO4, = NH_@wy + OH 4 (/ Ma*’k)...
[ U 4 [ \L ’ L B N AN
AmMoma chc,'hm wH{,\ l»/wh’,r Oﬂ)o{uues a 19‘\5 (c Jo/uﬂ‘ldﬂ w['uc(r\ wi ”
L[\ch +he (oéur o‘( Hhe mp{pca,'for +o 'pmk . (lwmrl/)
2 marks
b. Using a labelled diagram, including the structural formulas of ammonia and water molecules, explain
s . [MJCMMJM bond . :
how ammonia dissolves in “lff:l ( 4 ark — colre o-{- Arawi "
I\i l‘lﬂf?{“’it“ E) \ ig; \.N mole cuke s
_—“"H O H / (’ Mavk.._ (,oa/s/ed !qlgc”mj
H H of bonds .

Botia D\MMoma anol water ove polw molecules T[\cq ﬁwm inter moleculowr Fuarl()
hudroq@n bonds rcswlhno] i The h;qL\ solubs lity o TR

3 marks

C. The solubilities, in water, of two other gases are shown in the table below.

Solubility of gas (mL per 100 mL of water)
0°C 20°C 40 °C
oxygen 4.8 33 2.5

sulfur dioxide 7980 4250 2170

Gas

1. Describe an environmental problem caused by the high solubility of sulphur dioxide in water.

. &AH‘W d(oxtde aa s lr\ fhe Cuhhofphere will O{MSofve "’\ ramwater ﬁp/odu(e
U"‘“VD Sl furons acid LSJOM:-,}) + W0, = HLSO?,@N) This_will_produce vain w el
lowes pll thon nocmal.. This 'aoid rain’ can /"(/ﬁ’/a%}J audl _gmrpecls lowers fhe
(fwmyU ]ph‘ ofwwte/ww;:s which “may Cause destuctron of the natural hab fad

ii. Some industries produce heated waste water. With reference to the information in the table of gas

solubilities, explain the environmental problem caused by returning this heated water to natural waterways.

“CU"U{ w&w has a [owers co.«cewf'l/a/‘ﬁ;m o‘# OXLMQM // mark )

LOWU O Xugen (OV\CQA-,"VVL""UV\ in wa“"@-/w-ﬂvlf wt” uvtpa,;,- ﬁlﬂcﬁon;nq 0'7(\
aum’a’( 7}#6 m.mé/ #’l/mq Jome speud ol d;sruoﬁnq ﬁ‘fi tnuﬁumf
Ma\[o it (f puark’)

2 + 2 marks

Total 9 marks
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Question 4

Consider the reaction: MnO,(s) + 4HCl(aq) — MnCly(aq) + Cl(g) + H,O(D)

If 0.320 mol of MnQ, and 48.2 g of HCI are reacted, which reagent is in excess and by what mass?

a.
. -1
n(HC) = f,;g e= 12 mel (| mak)
f\_(;ﬁgﬂ _ 4 onHd) < 4x n(Mno,)
n(Ma0y) | =ax 0300 (I mark)
HO W excess by 1:32-1-1§ = 004 wo| (| mark)
" \HU): nx M o 0-0¢x 365 = 14ty (I mark)
4 marks
b. How many grams of Cl, will be produced?
h((.«h) l (! wmrl:)
-—.—-"'—" - e A
V\(MnOL} |
n(Cl) = e M < 0-3)0x Tl0 = 27 (Lmark)
2 marks

Total = 6 marks
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Question 5
For the unbalanced equation:
H,S(aq) + Cr,0/*(aq) + H — Cr’™ + H,O(l) + S(s)

answer the following questions.

a. Determine the oxidation number of the Cr atom in Cr,O,>
(\2_% Cr) +(\7x -—’Lﬁ—; o S 1 =12+ g Cr=+6 (l mavk)
1 mark
b. Identify the species that has been oxidised in the reaction. Explain your answer.

The S ahms have incveased from an oxdation number of -2 + oém{c:

,A‘n fm(reaje’, 1a) ohda‘hm nMMlO‘f |'S OK(&(GL-F’O‘V\ r Hls IAm éeem(omafu-ccﬂa
f“xaff()

2 marks
c. Write the oxidation half-equation (states not required).
. * i,
S —> S al'e 28 (lmadk)
1 mark
d. Write the reduction half-equation (states not required).
1= * — o |
Cri0s + [4H =+ CF =95 D0 + TH0 (f ma vk )
1 mark
e Use your half-equations to write a balanced overall reaction (states not required)
: o e T 3t
3HjS*Cf7Oq‘{’?H-f"72C/ +7H?’O+ 35 ((Ww(rk)
1 mark
Total 6 marks
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Question 6

A galvanic cell was made from copper and lead, as shown below.

1o, B
53] e R B —copper
§
|
i &
wmigwon | 1§ 5 solution
comainng —+ r ~———contaning
pHE* ; e Tyt
a. Identify the reductant and oxidant that are reacting in this cell and write balanced half equations for their
reactions. 0 -, k)

Reductant s [)lor\q ; PI_%J-(% Pb;}.(— & (l mavk)

- . Lt T+ - ;
Oxdwnt i ) Ut 28 = Cu o (L mavk)
L \a V) )
(Linanrk )
N 7
4 marks
b. Write the balanced overall ionic equation for the cell reaction.
. 2t
%(c\ .5 ) 2 Cun\ i ﬂo {gzg{)
A ) i lr
1 mark

c. Explain, in specific detail, the movement of the cations and anions in the salt bridge.

AMNV\S {No‘l Mo ve +DWMd So/ hm Cm"/nm:nq Pb 7% W[%ﬁfﬂﬂf ﬁY
excess ro.f chie cﬁa/qa venesated [M oXdachoin "ot Pb@,()a Coatims (K*) +o

JJJ/'N?L“M 60117L61mmq éi{( ZJCJVW{L +0 CcM/pr.Sajf QV' d(C/WIM‘} ])t?ft*lvé’
cf\o*l/rjc dune Fo Teduchim of (o tl d

1) . 2 marks

d. Explain why the salt used is KNO; and not K,SO,

. B~ s s . B 2+
The .504 anions woldd move To 5_0/w7LL(M Cd\/l/?(mc;xq /D_é anol These
il ﬁ"hv\ e Mfo/wae /L,SO(;{ Cr)'ld/\p()u_y\ol N61 antsns do net

react wwLﬁw P(;Z"‘ 1 mark
e. Which electrode would be the cathode?
p\duoﬁg‘h otcws [ OGJ’ e cothode & C e CC['W‘AG 18 Ca“\o_ofe .
1 mark
Total 9 marks
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Question 7

Dry ice is solid carbon dioxide. A 0.066 g sample of dry ice is placed in an evacuated 4.6 L vessel at 30 °C.

a.
Calculate the pressure, in kPa, inside the vessel after all the dry ice has been converted to CO, gas.
: 0066
(o) = 2= o.001S mel (I mark)
T
PV = nT , - g
7 wf
= ©-o0l§ x §-3| £ 303 ({ moyle )
46
= 03 kla Q mark)
3 marks
b. Ozone molecules in the stratosphere absorb much of the harmful radiation from the sun. Typically, the

temperature and pressure of ozone in the stratosphere are 250 K and 1.0 x 10 atm. How many ozone

molecules are present in 1.0 L of air under these conditions?

(( mavk) P\/ A RT

P(0y) = 1-0x16 K fo1-3 = 0o kfa [
nN=_£LT
) o101 % -0 /i IMM}L\
n(0y) = “831x 250 N /
= a%bxilo mol ([ ma)
N(O}) molecules = 4 §bx (0_3-_,_}( 6~o?,x{o“
= 2_~q3 ¥ joff (‘/War/c)
4 marks
Total 7 marks
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Question 8
Nitrogen gas composes 78% of air at sea level. Nitrogen is used by all living organisms and is an important raw

material in the industrial production of chemicals.

a. Nitrogen gas must be ‘fixed’ before it can be used by living things.

i Explain the meaning of ‘fixed’ in this context.

A""MoSplne/lc m"VDgzn I (onvahd -f-o (73 go/uble nm‘ma@m (ompowxd
WWC{’\ can be Mkﬁ( /7(4 p/anh

( [ MW/()

ii. Give an example of nitrogen being ‘fixed’ in a natural, non-biological process.

The ﬂuqh Tew poraturcs qamem}u( by /tﬂﬂljrm;nj(oerffanoeS)
(aust V\I_"VOCM 7‘0 r-eac'(' WL"{\ Oqu}mn (A ﬁ{e a‘hwoglpherc f‘b TQVM
m("FVOjEM(\Ifj oxde . v O msfk.)

1+ 1 =2 marks

b. An important industrial use of nitrogen is the manufacture of nitric acid (HNO,). Initially, nitrogen and
hydrogen gases are reacted to form ammonia gas which is then oxidised to produce the acid in a series of
steps.

i. In ammonia production, air is used as the source of nitrogen gas in the reaction vessel rather than pure

nitrogen gas. Suggest a reason for this.

AW IS 73Z m'h@ den azwf (osﬁ’ n07%"n6] Whereas puu{

m'ﬁfoaem WOw(of be @xramwf .
@ [f Ma/k)

ii. The final concentration of nitric acid from the process is 68 % (m/v). Calculate the pH of the acid at

this concentration.

Tn 160m( there are 68 o of HNO,
M(\HNO?;) -:/ - 63 ;\('}
fv\ b2
(i) 68 10§ M ((merk)
V 63x0- -{vo

A’S H.ND»; if_a_Shamg Monoprofic auud [ f [Hwo )= 19-9m (| medc)
= “’IOQJH7 ‘-*,061 O § = —1. O ({ ma/kj

'L.

1+ 3 =4 marks
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c. The principles of green chemistry are used extensively in the modern manufacture of nitric acid.
i One of these principles is to maximise atom economy. Calculate the percentage atom economy for the

modern method which uses the chemical reaction shown below.

NH;(g) + 20,(g) — HNOs(aq) + H,O(1)

Resshunts = MWUs) + M20,) = 17+ ¢a = 917)
Boduct . M(HNDS)= 63

L afom economy = gl = 73’[: ([ matic)
J

ii. This simplified diagram shows the important steps in the modern manufacture of nitric acid.
ooy
feat recycier —
| |l
hot air ' Al —
arnmonia cooling
chamber
catalyst - -
J%) ......3_(5} o nitric
; acid
ts;”ign W unreacted gas

Identify two applications of green chemistry used in the manufacturing process shown in the diagram.

POSS(HG’.( I-V\CL\wie . (1) we of A ca‘Fa'u\s'l'
(2) Wmmsmq emer"M (oJ5es bun (e molmq w&S‘f heat :
(3) (écqﬂit(\j \M\Veau\iaaf 50\5@5

2 + 2 = 4 marks
Total = 10 marks

END OF QUESTION AND ANSWER BOOKLET
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