Year 12 Chemistry Exam Semester 1, 2002 Solutions

PART 1

1c, 2a, 3c, 4b, 5a, 6a, 7a, 8c, 9d, 10d, 11d, 12a, 13b, 14d, 15d, 16b, 17c, 18d, 19c, 20a, 21b, 22a, 23b, 24c, 25d, 26c, 27a, 28c, 30a

PART 2

[image: image1.png]Question 1

Write equations for any reactions that occur in the following procedures. If no reaction
occurs write ‘no reaction’.

In each case describe in full what you would observe 1nclud1ng any
» colours
* odours
* precipitates (give the colour)
* gases evolved (give the colour or descrlbe as colourless)

Ifno change is observed, you should state this.

(@)  Solid sodium hydroxide is added to dilute hydrochloric acid.
+ *
Equation __NAOH(€) + H(as) H20(0) + Na (ag,)
Colid dissclues -

Observation
[3 marks]
b) Dilute ammonia solution is added to sodium hydroxide solution. v
Equation NO VIGBLE KEACT\ON
Observation
[3 marks]
©)  Iron(II) nitrate solution is added slowly to sodium bromide solution.
Equation ND  \NISIBLE REACTION
Observation
[3 marks]

(d)  Dilute sulfuric acid is added to a solution of potassium chromate,

Equation _ 2Cr Ouz'Caq,) + 2“*@%) —_— C(‘LO-;?'-(QQ) + H0(L)
Observation yeﬂo(k) SO(W"QOQ, “'\M’TLS Ofmﬁc,
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An excess of CaCOs in the form of large pieces of marble is reacted with 500 mL hydrochloric
acid in an open flask standing on a balance. The loss in mass of the contents of the flask as a

function of time is shown graphically below.
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(a) Write the equation for the reaction which occurs. Why is there a loss in mass of the flask
and its contents? _

[2 marks]
NO) CaCOs (s) + 2 H*(aq) — COz(q) + H20(p) + Ca™taq)
®~ “There is a loss in, mass of +he flask and it<
confente because C02(9) is |e.a\:in3 e system
o He a-}mos?\mcm |

(b) Calculate the average rate of reaction between 0-20 minutes and also between 2040
minutes (Take care with units). Explain any difference between these two rates of
reaction.

[2 marks]

@ A\’Cﬂlﬂﬁ &«"\'C (O'mems) < | 8:! Coz ‘OSS

20mins : @

, Sz Ool-hg/;j\’cn_, MA SS :’SS Qo
Averogc Lode, (QO-LLOMMS) ®= [i-lt q COz loss the Roctnds
2U0Mi'\$ Hd Jecontto

= 0:224g/min m™ass loss. N7 "y,





[image: image3.png](©) Why does the mass loss of the contents of the flask not increase after 70 minutes?

[1 mark]
“THE  HVDRDCHLORIC. AciD IS oAy CONSUMED  sinCE

“THE  CALLIUM CARBONATE IS IN EYCESS . HENcE Tue

BehcrioN  SToPS  AND N0 MoeE CO;@) is PRObUCED
AND  LOBT |

(d)  Explain clearly what would have been the effect on the initial rate of reaction if small chips
of marble had been used?

_ [1 mark]
Becouse -THE £BAcTION PATE INCREASES WITH

(NCREASED SURFACE AREA OF REACTANT, SMALLER

MPRRLE CHIPS il cPUSE A HICHER INITIAL RATE OF EeAcrm.v
Question 3

A chemical engineer has been given the task of maximising the yield of a chemical
process, while minimising the cost of the process.

B
Assess the range of factors that need to be considered by the engineer. In your answer |
refer to the Haber process.

[S marks]
THE ENGINEER NEEDS To conSDER TEMPERATURE, (ResSukE
AD CATALYST USE.

TEMPERATULE : REACTION (S Exo-rgg_gmg ¥ SO HieH J\ELDS
CoME  FRoM LOW “TEMPERATURLES . BuT Low TEMPERWTURES

MEPN REPCTION 1S Too SLOW — NOT ECONOMICHLY VIABLE,
BY wSING A CATALYST, A CoMPROMISE TEMPERATURE OF
500°C 15 TWE %sr@

Rescure: Hiok (RESSURES wCegPe€ RATE AND \HELD.@
HOWENER, w\GH PRESSURES ARE EYPENSNE To MANTAIN

BY usinG A cirAver (1N/iRon ex be) b FRESSURE
OF ARouT 3sOatm is Best, ®




[image: image4.png]Question 4

Identify by name or formula an example of each of the following

Description : Name or Formula

A positively charged complex ion ¥
[’Aﬁ ( NHz)z.]

A halogen which is liquid at room )
temperature and pressure Bromine.

A salt that dissolves in water to give an
acidic solution NHu Cl

A weak acid other than acetic acid

Careone Acd

A substance that can be used as a primary
standard for redox titrations _ Hz Cz Oy

A diprotic acid
H, S04

A secondary standard used in many acid- wﬂc Acrd

base titrations

N : ; [7 marks]

Question §

(@) Consider the following reaction: ,
BCIMS) +6NaOH(aq) - SNaCl(,q) +NaC103(aq) +3H20

_ [4 marks]
What is the oxidation state of
@ ClinClyy, Q,
) ClinNaClagy el - . R

i) ClinNaClOs0p . 3.3..

(iv) Explain why the above reaction is classified as a dnspmpomonanon reaction.
Bechuse Clz2 UNDERGOES EoTW OXIDATION

AND RebucTioN





[image: image5.png](b) 805, is bubbled into an aqueous solution containing Fe*, (ag) ions. Write half-equations
and a balanced overall equation for the chemical changes occurring,

Name the oxidising agent and the reducing agent. _‘ | [4 marks]
® SO02(9) + Ha0(f) —> H2605(aa)
® HO+ H —> HS%Ou™(aq) + 3H+(aql;p2€”

@ }é/" Z Fes.(qq',) —> 7 Fe,z*
@ SOz2(q) * 2Fe*(aq) + 2H20(L) —— HGEOY (aq)

| t 3Hag)
R —r
agesnt
Question 6

Many industrial chemical processes involve equilibrium reactions. For example,
the gas carbon oxyfluoride (COF,) decomposes to the gas carbon tetrafluoride
(CF,) and carbon dioxide.

(1) Write a balanced equation for the reaction, and hence write the
expression for the equilibrium constant for this reaction.

[2 marks]
©) 2 COFy (@) &= CFu(q) + CO,(s)
<t J J7 ..
® K= CCRICCO]
CcorT*
The reaction is carried out at 200°C inr a fixed-volume 10 litre container.
Initially, there are 2.0 moles of carbon oxyfluoride gas in the flask. At
equilibrium, 80% of the carbon oxyfluoride has decomposed.
[3 marks]
(ii) Determine the value of the equilibrium constant.
ZCOFx(q) —> CFy (9) + CO2(y)
irutal 2 : 0 0 ®
equilibrim 2~ 6 0-8 0-8 @
ks CerILCGY = 089 x08 @ ©
CcoFzJ? (2-1-¢)* |

I




[image: image6.png](iii) The enthalpy change for the decomposition of carbon oxyfluoride
is 24 kJ mol~!. Explain the effect of an increase in temperature on the
equilibrium constant.

[1 mark ]

2COF2(g) = CFu(g) + COa(g) * heat

k‘ EC.\:'u'J [CO;]
CcoF, 1%

Tr UehT APPLED TO SYSTEM EQUILIBRWM 1%
Re-€oTABLISHED BY A\ INCREME IN REVELSE ReACTION

~

v LCOF, T nerenses ond CCRLT + [CO.T devrmases
. New Eqm\i\arwm cac\sio.l\* s Swaller

Question 7

Use the information given below to identify the elements X and Y. Justify your choices.

The oxides have formulae of XO and YO,.

XQO is a solid which dissolves in water producing a basic solutmn

YO, is a colourless, odourless gas which dissolves in water producing an acidic sohmon.
The element X is the third member of its group in the pcnod:c table.

[3 marks]

2 -
@ X mus+ form X * Snce YO CV!S‘LS o iny

@ X must be Ca  ®ince Huis is the 3™ member of
qroup 2 ond Ca0 readds with water do foemy Ca(ou)z(aq,)

® VYV is C since CO2 is o colourless, odourless
gas 4o form, H2CO3 (ag) 0 water





[image: image7.png]Question 8

Consider the equilibrium reaction between hydrogen chloride gas and oxygen gas

using a suitable catalyst:

4HCI(g) + Ox(g) = 2H,0(g) + 2Cly(g) AH = -280 kJ mol

Complete the table below by:

(a) indicating the change in the amount of hydrogen chloride gas (write either
“more”, “less” or “unchanged”) after each of the following changes to
conditions at equilibrium have been made.

(b) giving also a brief reason for your choice based on accepted chemical

principles.

Change imposed on the system

Effect on amount of HCI(g) present

1. The temperature of the
system is raised.

(b) Reason, REACTION (S EYOTHERMC.
SR HERT GuEN, SYSTEM REESTRBUSHES

Eanueeium  BY  REVERSE KEACTION
OHCH  OPPORES THE CHANEGE

2. The pressure of the
system is doubled by
halving the volume of the
reaction vessel.

(b) Reason, DYSTEM “TRES To Rebwe
feesouee RY. LOWERING NUWMRER OF .

PARTICLES . THEREFORE. ForweRD. . .

REACTION (5 particles -> 4 particles)
i 15 Lovowred

3. The surface area of the
catalyst is increased

(b) Reason.. CA’THL\‘S‘ LEFFECTS e
LOF REACTIONS NoT

EQULRRIWM VELDS  OF  SUBSTANCES




[image: image8.png]Question 9

Consider the gaseous system A + By, ¥ Cg. At equilibrium, a concentration/time graph

would look like the graph below.

(a) Draw a concentration/time graph to reflect changes if the partial pressure of gas (B) is
increased by adding gas (B) at constant volume.

Concentration

[3 marks]
(A)
——_
(B) '

(C)‘ /’

-
Time

(b)  Draw a concentration/time graph to reflect the changes if the total pressure is decreased by
increasing the volume (temperature is held constant).

Councentration

[3 marks]





[image: image9.png]Question 10

Consider the equilibrium:

2 -
BaSO4, + H,0 & Ba’'uaq +50%

(a) Why is this described as a dynamic equilibriam?
[2 marks]

i qumxc‘,‘ because. +he Lorwnrd and feverse

reactions are always ocouring .

N Equilbrum ! becouse the forward and reverse reackion s

occr ot +the same rote rendering the macroscopic
u A ]

{Jro?e-r-\ie—s as conshant .

(b)) Given a small amount of BaSO,,, containing radioactive barium, explain how this could
be used in an experiment to show that the equilibrium above is dynamic.

[2 marks]
Ar EouuBRWM THE CoNCENnTRATION OF RADIOACTNE
Bqu(%) May BE DETERMINED
Te A wimBeR o TESTS ARe PERFolMED AT VARIOUS o
TMES  Duine BRI LIBRWUM , -THE CONCENTRATION OF RP‘V\O‘*U‘"\ié
BARWUM 10NS  witL ALWANS BE PIFFERENT EVEN
“AHouGH  EauLiBRlum og_cues. Tws 1S BECAUSE
e Cpplodcrive Bagum, 1S MWING  WITH  NOEMAL

Rouw, BETWEEN Soup RApwM Surate AnD THE bws,
HEWNCE, DMUAMWC PROCESS




[image: image10.png]Question 11

What is the function of carbon in the CIP process?
[1 mark]

Adsorbs [Au(EN)2]” ‘FRom THE oRE AILP
WiTHIN -THE  ApSoRPTionl —TAnKS

Question 12

Hydrazine, N, H,, is sometimes used as a rocket fuel. If By, is used as an oxidant, its heat
of combustion is:

N H, +2F,q — Ny, +4HF,, AH =-1126kJ mol ™
Draw a potential energy diagram for the above reaction.
Show all information on the diagram. |

[3 marks]

NaWy +2f(3) = Na(g) + LHF(g)

[zrennac
Enerey

A= =126 KTal™

PROGRESS OF ReACTION





PART 3

[image: image11.png]Question 1

Maria designed an experiment to measure the molar volume of hydrogen gas. To
do this she planned to dissolve a carefully weighed piece of pure aluminium in
excess hydrochloric acid and collect the resulting hydrogen gas. Since a 1.00 L
measuring cylinder is the largest she has at her disposal, determine the maximum
mass of pure aluminium Maria should use. Assume the laboratory temperature is
25 °C and the gas is collected at 100.7 kPa. Water has a vapour pressure of
3.17 kPa at these conditions.

4— |Nerted menswg cylinder

HO@) | H
led Hvouah
ord Hz(g) ? s : ‘W.Lk lhpgd

[6 marks]

in LQOL Measuring c\/lmde.r'

Rall|
:‘,l
<

Water /

AT Algt HCGa)

Rror (measum\é o:/\vderB‘ P(uz.o(.j)) * P(\'\ZQB)
W P(uz(g»:. pror - 'P(i-\z.O(g))
= |00 TkPa - 317k Pq

= 91.53kPa ®©
S Pz q153kfa Pz 1013KPa )
Viz ool V, = ¢ =TT
. 248K, T, = 213K

PV, = P.Vz2
T T





[image: image12.png]V, = RViTa
P2 T

=q7S3x | x93
1013 * 298

= 0-8820L ®

Now n=< l (a‘\' 6TP)

22U

S 008820 . 00394 moles.  ©

224

Now 2 Al(s) +4HC(ag) ——2AICIs(ag) +3Ha(g) = O

R(A): 2n0) = 9v0-039% = 0.02625 foles @

3 3

m(a) = n(A)xM= 0.0262 X 298 =0.7084(3 513 Rg)

Ma\(cmn Mass of Al is 0:7708q
===

m—
rmcm =





[image: image13.png]Question 2

Hydrogen sulfide gas (H,S) readily dissolves in a sodium hydroxide solution to
produce a sodium sulfide solution and water In an experiment 4.92 g of H,S(g) is

bubbled through 155 mL of 1.100 mol L” NaOH solution. What maximum mass
of Na,$S could be produced in this experiment?

[8 marks]
H2S(q) + 2NaOHlee) —> Na;Slag) +2H,0 (£) ©

AlH:5)= M = 492 = O-u3lY moles ®©
M U086

I'L(NaOH)= c\Vz= 1 100x0.15S5 = O {105 moles (D
Now O:170Smeles of NaOH neads /O:170S )mobs
Z

of H2S Lo lolal consumption , This equals @
008535 moles of HaS
We hove O:1443Y4 pdes of HaS which i more.
tron _encugh, Hence , H2S is excess rengent ord
NaOM s l.m-\v\‘vq reaqeqb | )

n (Na.©) = & (NoOW) = 6.1 10S = 0. 08525 moles O
. 2 2 :

" (NeeS) s nxMz= 008525 X 7%.05 = 6459 @

- mkvjn\u!(b mass of Nax$S s 4'65;1_ (3 59 4:35)
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Question 3

A 2,972 g sample of an unknown metallic element was dissolved in 125.0 mL of
2.107 mol L HNO;(ag). The reaction produced a salt with formula M(NO;),.

3M(s) + 16HNOs(ag) — 3M(NOs)fag) + 4NO(g) + SH,O(!

The remaining solution which was known to contain excess HNOs(ag) was diluted
to 250.0 mL. A 20 mL sample of the diluted solution containing excess HNO;(ag)
was titrated to equivalence using 32.95 mL of 0.3152 moi L™ NaOH(ag). What is
the molar mass of the metal? Use your answer to identify the metal element.

Mekal 5 i " [9 marks]
1550l
M=.2"1'72ﬁ l
HNO3
¥ \ V7o.125L
g -l
V] /////) ¢ = 210TmelL 11 Neow
| C=0- 252 mol L~
V= 003248
*.
H dilwted 4o 250-0mL

®

5.8
20ml R J\®
L2

reed Molar mass of wekal

NaOH(qq,) + HNOS(Q@)—* Nams(aq,) + H,0 (L)
n(NaoM) = cV = 0.3152x0.03245 = 0010 385 Imoles
n (HNOs a.-@) = n(NaOH) = 00103858

< (HnOs b @) © n - 0.01038S8 3 0519292 ol
\I 0.020

n(HWNOy at @) = n-(HNOs Cemaining oafler melal o.Jo\\'itorL)
T cV =0:519292% 0:250
0128823 moles.

n(HNOz before medal addition )= c\V= 2.107 % 0125
= 02633 1Smoles





[image: image15.png]® _n(Hnos mci»iv& with n_én\)
= n(HNO3 hefore meldal oddition)
= n.( HNO3 remaining afler melal add‘rhc_nl_
= 0263315 — 0129823
T 0133552 woles

® row n(M): 3&£ﬂ 09) = 3*0.133552
16
= 0:0250ul moles
® Moar mass(M): m = 2272 = 11848 qmal”
U o-:o0250UL\

* Molor mass = |18 1 9 SR (%b’q qu)
@ “E mev\-a] 'S %n, (‘Tm>





[image: image16.png]Question 4

A 4.65 g sample of pure NaOH(s) is added to 626 mL of 0.335 mol L' HCl(ag).
Assume the final volume of mixture is unchanged and determine the pH of the

mixture when the reaction is complete.
[8 marks]

Naw(s) 08%%

©

598 M= /J-‘653

J

HCl
V:O-éZéL
C=0" 33‘Smo(.t."

n(NaOME): M = 4.4S = 011628
| M 39.998

n(Hc) = cV = 0335 x0-42¢ = 0:20471

NaOH(ag) + HCl(ag) = Nali(aq) + H0(0)
O- 11626 mol NaQU  peeds O-11626 mol HO, We have
0:2027171 vol of HU (hidhv ie more M‘enoxﬁh;
“ HCOl o evcess rengent. NaOH is Iim-hra reagenk
A(HAU ofler readaow) = n(HQ| cr\gmoi)— n(Hcl %«3

= 0209 — 011626

009345 moles .

C(Hcl afler ceackion) = N = 0-043L4S =z 04328 mol L
| EVE 0626

C-(l-\l*)-‘ c(Hch ofler reac,-&-(on,) = O {UqQ 28 mol L
pH = - log (c(w)) = -log(0-1uq28)
= 0-82L

\




[image: image17.png]Question 5

The concentration of the atmospheric pollutant suifur dioxide (SO,) can be found
by bubbling air through a dilute KMnO,(ag) solution of known concentration.

5804(g) + 2MnO, (ag) + 2H,0() — 5S0,%(aq) + 2Mn*(ag) + 4H' (ag)

The concentration of the remaining KMnO,(ag) can be found by titration with
standardised oxalic acid. This allows the amount of KMnO, reacting with sulfur
dioxide to be found and thus its concentration in the air sample can be calculated.
In such a procedure 43.9 m® of SO, polluted air was bubbled through 215.0 mL of
5.007 x 107 mol L' KMnO,(ag). The unreacted KMnO, was acidified and diluted
to a volume of 250.0 mL. 20.00 mL samples of this KMnO, solution were titrated
to equivalence with 38.50 mL of 2.194 x 10~ mol L™ oxalic acid solution.

What is thg concentration of the pollutant SO,(g) in ppm if the air has a density of
.18 kgm™?

Rub: Before B\L}o\:\“ﬁ . [12 marks]

@ | \ KMnoy

V=0215L \

C=S007%10 molt

Afler Bubbling 439m> of Rlluted Air

@‘ -_l IgMn.OgL_(
| V=0+2ISL
= H.C.0
Acdified v Diluted g__fzolquxlo mol L™
ol '
1 v=0-2s0L EX
£ 2omt ' _wwou

_/ 0

Need PR of $02(g) i o
dq\s.ﬁ of air = |18 kjm's




[image: image18.png]0 n(uzc:zo-b: cV = 219U %10 % 0-03850 = 8- 469 wo's
6 5 H2C20u (ag) —2 4O€ *+ 10C02() + 10H "(aq)
2MnOu(ag) + MH (ag) + 108 —> 2Mn*(ag) + 8H,0(4)
5H2C20ulaq) + 2MnOy (ag) + 6H *—> 2Mn u(qq',) + lOCOzfj) + 8"\50(9
O n(Moy ot ®)* 2 n(HiC00) = 2xguy6ax0”"
3 5
= 3.37876x10" “mol |

-3

O c(MOFat®)= n, = 337876%(0° = 163 38x10  molL”

\' 0-020 |
® n(Mou a+©) =cV= I‘és?‘i38*lo'3>< 0250 = Lv223»’-&‘5"‘0"4L
| n (MnOW GA-@)= L.22345%10”"
® n(MOy ot ®)= cV = 5.007x10™" x 0:218 = |:076505 0
0) r\.(Man. rcoahrq with, SO,_) n(MnOu~ o @) n(MnOn” o:‘“)

-{| o'u,soswo (4. 22345% 10°%)

= 6 Sh\{ %10~ mo|eQ,
@ n(0202) = 5 n(MOu) = Sx6sulbxio™ = 1635Lx10™
| 2 2

® _m(502a) NM = 635UxI0"> x L4071 = 0:10478]
oL+ 18 m9q
® m(or)s densiby x Volume = 1112 > U3-9= 51:802 \43

@ pem (Soz>= M{SOzZim m; = 104. 71 = 2-02PF§»

m{aw) in Kg 51 802
O concenbrotion of S0z =2:02 peMm





[image: image19.png]Question 6

In a laboratory procedure two students need to make a secondary standard
solution of approximately 0.04 mol L' KMnO,(ag). To do this they dissolved 3 g
of solid KMnO, in 500 mL of distilled water. The solution was then boiled,
filtered through glass wool and stored in a dark bottle away from light.

A second solution of oxalic acid was prepared by dissolving 3.095 g of
H,C,0,.2H,0(s) in water and making its volume up to 250.0 mL in a volumetric
flask. Finally, the oxalic acid solution was added to a burette and titrated into
20.00 mL samples of the potassium permanganate solution. The burette readings
for the H,C,0, solution were as follows: |G NORE

Final volume (mL) 22.25j2\‘3g 22.9]}2‘.,45 24.75]92,.00§22.38 5. 4O
Initial volume (mL) 0.87 1.46 2.75 0.98

Using this information, determine the actual concentration of the
approximately 0.04 mol L' KMnO, solution.

Oxalic acid (l—\zCzOu-ZH;O) | o [7 marks]
:::" m=3.0a5g

oxohic acid (H2C:0u)
4 vy =20 4inl = 0 021414,

V=0:280L ®)
(rl ’ V"* MnOu~
@&v 0-020L

@ n(HzCzOu‘QH.zO)= — 3.04S5 = 0'0214555‘5’
™ 12602

<t n(H.C.0u)= 00245545

@ C(uz COu ot @) =. nN° B 0.0245545 = O-OQSZSan\o\.L-‘
" 0+2%0

(®  1(H2C:04 odded Gom®))= cV = 0 048 2383 %0024l
= 2.103283( * |0 moles
SH2C20u(ag) + 2MnOu"lag) + él—\*(qq,)"* JMnu(a@) + \060:.@ + §H.0

n(MnOu” ot @)‘ 2 ngH;CzOLQ = 2»2-!03283&:!0'3
S S

©o

= S 4i13134Y ¥ |o"“moles




[image: image20.png]C(MnOu’>‘ n - @ ul 3\3"“*!0-"

v 0-020 O
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