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Chapier 1
Module 5: Equilibrium and Acid

Reagclions
Miuitinle-choice questions

5.1 Biatic and dvhainic equliibrinm

tch of thess &

Broversitde recoton

( GCLGHAD (S — Colllin + MO0

(AY A wtate of balaries in a chomical reacrion where the speed of the forwsrd teaciion i
unoqual 1o fhe reverse teastion.

(B} A chemical reaction in which the forwand and reverse reactions arc ocoursng at the

samc thoe and ad the some
{C)y A noutralisation feaction x\nth zoual nunther of moles of

i TLE SRELOITT AL A Consiant fate,

(D} A sready stafe binwhich matier is enrerng and le

huesooi §

¢l of the follo

ac bacotreot moge!?

(A

(&




2 Camiwidge Checkpoints Chemistry

Destion 4

A drug used to frear hypericasion undergoes a decomposition reactor to give an
insoduble product. Calculate the wemperature at which this reaction becomes spontaneous
if the enthalpy of the reaction at 298 K is 51 k] mol™ and the enttopy of the reaciion ar
this tempersrure is 118,74 § K mol™.

(A2 430 K By 2300 K (Cy 05K (D) 430°C

Guesiion &
When the systern & + 3 =2 C 1 D is ai equilibtinns:

(A} the sum of [A] and ﬂ:ﬂ arc equal the sum of [C] and (D).
{B) the [prward reaction has stopped.

(C) the veverse reaction has stopped.

{0} ncicher the forward nor the reverse reaction has stopped.

Quesiion
In the production of nitric acid, an iimportunt step is the conversion of nitric oxide (NO)
it nirrogen dioxide (0s9).

INOig | Oulg) = 2NOafy);  AH = 114 k] mol™
Which of the scts of condions below would be cxpected to give the best ooquilibrium
vicld of nittogen dioxide?
(A} 50 UG and 4 atin pressute. (R} 30°C and 4 atm pressurc.
(C) 500°C and 1 atm pressurc. (13) 30°C and 1 aum pressure.

Quiesddon 7
An important industeial process is the conversion of carbon moinxide into cathon
dioxide vsing sieam,

COm + [LO0 = CO: — Haip AH = 40 k) mol”
£ &) & = )

\w!

Whick of rthe following would mcrease the perceniage conversion of COrinwe COG2

{£) Increasing the pressure (B} Raising the temperature
(€ Incremsng the concenteatdon of warer (D} Usiog a catalyst

CQuestion 8

The graph on the right shows how the percentage of
products in a reaction changes wich varladons in
temperaiare and pressure.

SR
ST

Which chemical equation is consistent with this graph?

PR :
p;o.mr_t n

(A} Nufp) + 3Hz = 2N L(g; AH = 92 kJ mol™
(B) CHL() + 1500 = CO) + 3Halgs AII= 4250 ] mol !
(©) 2H1() = TL( + Lg; AIT= +10 ) mol '

{0 CiHsig - 5Ca(y = 3COu{g -+ 41 LOG),; AH = 2045 k] mol™



Riodule 5 Equitthrimm and As

o Besctions 3

hampened ar faes - and 17 .o

() | Fhadded T
By | CCad
< | 1) added

O removod

CHSOLL reraoved

) remaoed

{1 CO added OO wad o removed

Question 10

“What effect does a caralyst have on a reaction?
(&} 1r increases the rate.

{B) Tt increases the vield.

(C) Tt increascs ihe hest of reaction.

(D} bt increases the activation energy.

Cyuoscion 11
The folicwing equilibrinm is set up i a sealed reaction vessel.

LOig = 2NOa(g: AT = 7548 K ok

Which of the follow sl INCREARE the yicld of nirrogen diowider

(A} Adding 2 carabyst o the
(B Drecreasing the wolume
{C) Raising the b
(D} Increasing the pressare by adding argon to the reaction

1o reaction wensel

[PREETUILE he reacton vessel,

1B 2012 )16




4 Cambridge Checlpoints Chamistry

Question 12
This equation shows an equilibrium esrablished in rhe synchesis of ammenia {rom its
COMPONEnt gases:

Nalg + 3H:g = 2NHa(g)
If the volume of the reaciion chamber is suddenly hatved at time T, whick of the
following best depicts changes in the concentradon of ammonia over tme?

N . (B) .
g‘\'\_“h ) {'_.-ﬂ
] i
/.,f‘ ,,,,,, { ‘/ e
d ' G ;
S e st _ =
A
i
(€} : (D) :
o -
//r’ {\‘ ,}_./ if‘,....._..“
7 7o
e Fiswe

[BOSTES 2014 G13)

Cuastion 13
"The cquation describes an equilibrium reaction occurting in a dosed sysrem,

Ko F Y = 420, AT = +581]
Under which ser of coadidons would the highest vield of Z{¢ e obiained?
Tem pc‘ra g M0y P_i’ESS:.f-_‘_:_iI.\:"c (ki) '
(A) o 50 L |
{8y . 50 N ) 200
OV 300 100
() 300 L 200

[BOSTES 2015 16

Cruestion 14
Consider the {olicwing endotheriic reaction taking place in a closed vesscl.
NaG(g) = 2N O
Which of the following actions would cause more N-€); to be producedr
(AY Adding a catalyst, (B} Decreasing the volume.
{€) Dicereasing the pressure. {D3) lncressing the tompetature,
BOSTLS 2016 4]



Module 5: Eguilibvium and Acid Reactions 5

Question 15
The following equilibeie is cstablizhod o a clozed syaten.

Afl =-

COnlg) ¢ L0 = HLo

How can the gas pressaee in the sverem be decreased?

£45 Add more SO,
(BY Add hvdroxl

[MERA 21T O)ic

helorar are 20 ssible ¢

N Rrarients

vwheil the ti:mpcrzltu.l‘c Is fror f-""'“r]

Which answer ez cxnlaing the reason e eaction raie is greater at higher tenmperabares?
{AY Tovly {B) Il only {(Cy LandTT

(D) 1 and 11, but 11 Lo has a greater influsnce on the reaction

f3uestion 17
sepresenis ihe vield of an equilibrium reaction at diffcrent teraperature and

Thiz graph
pressirs conditions nside a reacrion vesec,

& 3
!
;
£

s,
Wha

SELC ALY

[ SR

N

ts shown in the

AFS= 100 T
(B} X0 AM = —100 k)
(C) 2X() + 2Y AH = 1100 K]
Dy 40 b IV (S =0 ,,...@; AFf =~ &

¢4 X9

IBOSTLS 2014 (20



& Cembridge Checkpoints Chemistry

Question 13

Three pases X, Y and /. were mixed in a closed container and allowed to reach
cquilibrium. A change was imposed at time 1" and the equilibrium was re-esiablished.
The conceniration of cach gas is plorted against (ine,

Which reacuioi s reptesented by the graph?

1%

(&) X{g + Y9 = 2%ig)
(B) 2X{p) = Y (& + 75
(C) 2X(g = Y{g 1 3208
(D) X{g = Yy + 79
PNESA 2017 Q9]

Cuestion 19
Constder the following energy profile for a chemical seaction, where I, 11 and 111
cepresent enihalpy changes duting the reaction,

Which onc of the fellowing statemenis Is correct?

{A) The uciivation energy for the reverse reuction is 1T — TT).

(B} I'hc nct enerpy released tor the lorward reacton is represented by 1T,
(C} The eneruy required 10 break the reactant bonds is represented by 1L
(13} The enerpy released by the formation of new bonds is represcaied by L.



filodule 5: Eguilibrium and Acid Begclions

Guestion 20
Viliteh one of the 2n

(A} A Lwo-step cxohenmic vea

¢ T .Hne ”.‘-& A

{By A two-sien eodo
j EEIFLIL

e

{Li‘ R
6“} A tuo-

EECRY G dothe

redoiion v an acivaton ene

$7IC PEACOO0 1aTINg a0 aCHiVATOn cnergs

Queestion 21
Which one of ilic following statemaenis is WNOT generally corroct?

T,

{AY The avih %!FV osF the pf(;(llu.[‘
(B} The rate of a reaction Is prop

TEnTEL Tll’L]" Tﬂl“ anth ’]]P‘ (Jj the reacks

oriional 1o Lis acilvarlon cicrgy.

(€5} The raie of 9 fesrtion geiera [] Finoresses a8 the femperatite 15

(D} Allre

eticrs 10 which b(mm are bhroken and Formed hawv
activaton cnorgy.

Cuesiion 22

The cifect of a catalvsit on reaction rate is to:

(A} offer a route with a4 fower activation cocrgy.
(B} cnable more molceules to overcome the lovwer activation cncs
{0 crease the oumber of soce

() All the of the al

s 1 collisions,

FEOVE.

nestion 23

The fioilovwing bovies hiow & reversible pesetton can be meanipulated vy changing
the conceniradon o F ‘he reaciangy then prodncors:
i 112’\'316 +4¢1 Kﬂ{,{l Cot l/' (J/,i' 1+ _'_“‘I “ 5[(;’{;),

(BN hluz
r Aading HO to the rerction mixture nersases the concergabion of (7,

stowds the producrs 1 reduce the concentration of the CF7

L4 F-. O (‘.({T_‘L‘.JID]TIEU.’J’.' i I‘_T['-

e resulting cobour change is from pink o0 blue,

A equilibrbeen, what would oocer 1F swarer was added (o the reacton mivmee?

(‘&) The CI7 concenrration decicascs.

(BY The e
(L; The r\,su.l tivg colour changes S pink 1o blue.
(D} The rempers

= LAOVES TOWMEILD fJ d LﬂE‘. Pf[)f.{u{] i 111L FERLE lht‘ ( 1 LONCAntraiion.

e fnoleases.,




g8 Cambridge Checkpoints Chemistry

Question 24

A syringe conraing two gases nequilibrin, as follows:
yring 2 | >

N0y = ZNO: MOy is colourdess and NC: is brown.,
When the syringe is depressed, which of the following statements Is cotrects

€AY An inerease fn pressure will sinti the equilibrinm o produce more brown-coloured
NGOz, as more Moy will collide.

{B) With an increase n pressure, the equilibrium will shift to the left, to colousless Na{2,
to reduce the number of moles in the synnge.

(T} Anincrease in pressure will produce more brown-coloured 2, a8 the equilibrinm
will shift v the side with the most number of moles of gas, .

(I3) An Increase 1 pre

aire will cause an ncrease 10 remperamre, hence the equilibrinm
will shiflt 1o the forward reacion.

5.3 Calcularing the equitibrium constant £,

Question 25
Arrange the following reactions in order of thelr hereasing endency Lo reach
cotmpletion.

Lo AN + 309 = 2Na(g) — 6FLO(g; Koq= 1.0 x 107
W 200F(g & k) - 14 K= 10 x 1077
TEVL 2NOCLs = 2NO@ + Clalyy Kee =47 x 10
IV. Na(g@ + Oufg) = 2NC(g; K. =50 =10

{Neote: For cach reacuen, the equilibrivm constant was determined undet different
conditions.}

(A) T, TTLTL IV (BY LIL 1L 1V, 1

(Cy TV, TL T (I L1V, 1, 1L

Ouestion 26
The concentrarions of reactants and products were studied for the following reaction:

(g = 1046 = 2HL{g); Koy = 313 ar 25°¢

{8
1 an experiment, the inidal concentratons of the gases were

[Ha| = 00120 M, [75] = 0.0200 M and [IIF] = 0.500 M.

When the reaction reaches equilibriom ar 25%C, the concentration of HE will be:
(A} 0.550 M. (B)y 025 M.
{C) lesy than (L500M. {I3) between 0.500 M and 0.550 M.
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1¢ Cambridge Checkpoints Chemistry

Cuestion 32

There arc two unlabelled scludens. One 15 hbarium nirrare and rhe other lead nirrate,
Which of the following could be added to the two unlabelled solutions to distinguish
berween: them? ’

{4} Sodium sulfate {B) Sodium nitrate
(€} Sodum chloride {D) Sodium carbonale
WE3A 2017 QF

Free-response questions
5.1 Static and dynamic equilibrium

Juestion 1
(i) Models arc ofien used e help explain complex concepts. Outline a firse-hand
investigation that can model an equilibrivm reaction, [2 rarks)|

(1) Assess the validity ol the information that could be colleeted in this investigaton.
|3 marks|
[BOES 20T €35, Toral = 5 maiks]

Question 2
Caleulate A5, the entropy change, for the complete combustion of liquid octare with
Oa{g) ar 298 I

[2 markst

Question 3
1-bromopropane reacrs with sodium hydroxide solution to give propan-1-ol. "The
hedroxide 1ons replace the bromioe in the organic molecule,

This rcaction involves a collsion between the 1 bromopeopane and the hydroxide ions,

Fixplain the effect of DOUBLING the concentrations of both reactants.
[2 marks]

Quesiion 4
L'or the complere combustion of methane, there is a decrease in entropy,
Explain the reason for the deerease in entropy. include an equation in your response.
[2 rarks]

Guestion 5

Photosynthesis reactions do not ocour spontanzounsly, Use the standard cnvopy data in
the table below 1o justify the need for sunlight, as the energy soutce, to drive the
TeACtOTL,

s Standard cntropy (/R 5 mad)
Water TU 3
| Catbon dioxide S e
Oxygen R 25
Glucose 35 P

|4 marks






12 Gambridge Checkpoints Chamistry

Chuesiion §
A mixmete of carbon monozide, chlerine and phosgene (TOCL) gases was placed in a
closed container. The concenirations of the gases were monitored over fme,

(2} At what time does the systen first teach equilibinan? Justfy your anywer. 2 marks

{by Ar four minwies, the iomperature of the container was increased.

Laplain, with reference ro the giaph, whether the decomposition of COCl inm CO
and Cl-is exothermic or endothennic, [3 1marks]
[BOFIES 2010 Q28 Toal = 5 marks]

Cuestion 2
Lixplain the impact of a0 increase in pressure and an increase in tempetafire on the
solubility of curbon dioxide in water. Ineclude a relevant equation in your answer.

[BOS 2002 Q23 3 marks]

Quesiion 10
Grate Le Chateliee’s principle.

|1 rmark|

Question £
Erhanoic add and cihanol react reversibly o form. cihyl cthanoaie and watsr,
Tn a clesed syster, o dyiamic equilibiiam is serup.

(a} What effect would adding ethanol have on the percentage of ethanoic acid

censerterd into ethyl ethanoate? Explaln vour answeo wing Le Chareliss’s principle.

|2 tratizs)

{b} This reacticn is fairly slow and is usually done tn the presence of a small asount of
concentrated sulfuric acid as a catalyst 1o speed it up.

What effect woukd that have on the percentage of ethavoic acid converied into erhyl
ethanoate? BExplam vour answer. |2 toutles
Tl'cial = 4 roarhks]



Module 5: Eguilibrivm and Acid Reactions 13

juescion §7
lm IilLLL l“"

wipe of meontsy from rdirogen and hydeogen

ATT = 90 %] ol

Fl

e pringiple, cuplain the effect v the position of eguilik

R — 1.
12 mim ks

disadvaniagoe for a msing

Gueston 13
The ¢

iy

lonract process for pmcmmu a of salforic acid 1

o

cludes s wep wharely |
xide in an equilibdum veacion:

de s coarveried o

SC:g = S0 ald = 99 %] ol
S0 and Oewere added o o dovsed containo, The peoducion of 30; over thme s shown

= pinph ‘“cfr}\u,
{ij Copy ihe graph below and skerch a second curve on the same axes 1o demonstrue
the production of $O; aver fme when L].')C. reaceion s repented ab o higher
remwegatiie. Clestly label the lwo curves. 12 marks]

fid) \t & CCF iu_u LCIBEE AT fox Uils reaction as

ube, fthe equilibrium constant, K, = 12

o1 abave.
1.0 el 50 and 1.0 mol ( s

At the same e e 11-.'5(]6& for o LA i

clased co

n Lhc container was

grad an G

s umum;in e i the container at ihis point? Usc calenls

]l ¥ j"OL?I AELSWIEL

[ 53 SA MY O
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Questiou §4
At temperatures above 100°0, hydrogen and carbon monoxide reacr to form merhanol
gas in s reversille reaction.

2L + GO = CLLOH (g

L

A mixture of hydrogen, catbon monoxide and methanol is placed in a contamer with a
volume 1hat can be changed. The mixture is allowed 1o reach equilibiium

() The nitial vohune of the container is 1.00 L. Account for any changes in the
concentration of hydrogen gas when the volume of the container is rapidly increased
tex 200 T |2 matls)

(i1} The mnirial misiure placed in the container bad 030 mol of hydrogen, 1.00 ol of
carbon monoxide and 2.50 mol of methanol. Onee the volume of the contuner had
been fncreased (o 2.00 T, and equiibrivm had been re-establivhed, the number of
moles of hydrogen in the mixture Lad chaoged by 0.36 mol. Caloulare the
equilibtium constane tor this reaction. 13 sy

BOSTES 20015 (Ghla; Total 5 moarks]

Cuestion 15
Briefly sumimarise the Haber process and cvaluate the necessity to monitor and optimise
the conditions used.

|6 narks|

Question 16
Vizzy drinks are made by forcing carbon dioxide gas inro the drink under high pressure.
'

“I'his process i3 called carbonaion and causes €209 (0 dissobve in the drink to form
COnlag). Pizzy drinks “asie’ Gy becanse of this dissolved carbon dioxide.

in an unapened hottle of soft drink, the majonty of the CC» molecules will be aissolved
in the solution, i.e. in the aqueons formm.

When cachon dioxide dissolves, the following four cqallibria are established.

1. (J\!J/(\g) = c{_\):a(m’f?}

2. Cnlag) + HaO4 22 HallOfag) carbonic acid

3.0 HoCOslag) = H {ag) + HCO;5 (ag) hyydrogen carbonate ions
4 HCO T (ag) = H' (ag) + CO (ag) carbonatc ions

{2) Predict and explain what will happen to the pH of the coke when the botrle is

opened. |2 marlss|

(b} Use the equarions above, suggest why adding a slice of lemon 1o sol drink may

cause it to raste shighily flar, [2 marks]

{c} Carbon dioside is more solukle in cold salutions thar warm soluticns. Use this
information to label cach arvow belowr as either csothermic or endothermic.

(':{)2!:4176]) = CO)(,_Q) [2 marks|

{d} Given coough time, a hortle of soft drink may go fat even if it was not opened. this
is hecause the 0 molecules are small enough to pass through the mictoscopic
holes in the plastic. Describe and explain what woold happen o the pH of the botule
i this happened. [2 smarlss]

[Toral = 8 muzls)
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5.3 Caleplating the cquilibrium constant £

{estion 17
The reacoon bets

fatale)

e edhene and srcam (o producs ethancl bs an evample of o

T

AFH = 5% mol” .

'.T'J mavk)

aark «]

i_‘T.UIﬂ] B '|:-Z|T']-'.‘£]
Guuestion 18
Write an exprg the cauilibiium constant for the followmg reaction:
250n{d) F Caig) & 280,
[2 warks]

CQuestion 19

Haemoglobin, a protein containing iron, is the material 1n red blood cells responsibie jor
iranspirring uxvged 1o the cells, F Fach haemoghobln molecide armches o four oxvgen

L vEon interaction can be

)

gtoins, and the equiliberam eondidons of the haemoplobin—c

expressed thue:

Fiblagy + 40aig = Hb{O2wag;  where Hb stands for hacmioglobin.

(a) Weire the equilibrium cxpressicm for this reaciion. [ o]

(B) When someone is c\;pﬁscd i8] !"0 s, 2 ftigb toning waria L‘ifm o1l rllt'- formal

(£ Fo veverse the effecrs of the carbon monoside, pure o
i’h\, hody. ith the carboxvhasmoglobiia to produce pre
.‘TW)U|'}

A reser

[ +, slong with carbon monoxide.

v for this roaction, [2 masly
iTeotal = 5 marlg]

vilibriwny expre
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Question 20

The graph shows the percentage vield of ammonia produced from nitrogen and
bydrogen at differerit temperalures and pressures.

The Haber process is the main industrial procedure for the producton of ammaonia,
Explain the condirions used in the Faber process with reference to the grapl.

[BOSTES 2005 530, 6 rady)

e

Question 21

Consider this chemical system which s ar equilibriom,

Yo S 7 + heal

{2} FExplain the effect of decreasing the volarne of the reantion vessel. |2 snarks]
{b} Fxplain the effect of adding « curalysi to this eyuilibrinm mixowc, |2 matks]

I

D8 205 Q245 Total = 4 mavic]

Cluasilon 22
Sobd aorooaivi hydiogen sulﬁ:h‘; (el JSY decomposes Lo forn aramionia gas and
hydrogen wilfide gas (1 1:5) 2,00 moles of ammonium hydroger salfide were placed in 2

scawed 300 L comabner ﬂnd Illc B

etn wag akiowed o ieach equililbeium. At
there were (L0328 tcles of ammonia Fas.

quilibriam,

srm consiant for this reacuion.

(B TS

4 towids|

Chiowtion 23

viherinic aned revors

Hyvdrodhlorie acid is vroduced in an cx b reaction frovn hydrogen

atii chiloring gages,

1

{a) Write the equadon and the equilbriom eapressicn for this reactis [2 srwrks)

(I What would happen 10 the value of Ky i heauis added re the sys I_Cmﬁ 2 marhag]
Aotad o4 sk
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Ar equiitbenim, the cone

Fratioi of chlorne gas s (28 51

tion oy carbon monosde.

(3 Crloalste the concen

suilihrlung consrenn

STy Ty 1 LEACLIO:

this mompas
i

D Calvche the cquilibeing congtant for this reaction

ing cquilibrian
slac) 2 3% T lag) o+ ZNOQG) b 4O - Hear

Tndicate whar will happen o ihe comcenrmton of pitvic acid a esch of e scenarios

rory oo,

i [ docyeases it mark|
(i} lecreases i .
(i) Ziic ion concentration 1Creascs |3 aaeide)

n czide concentradon desreascs |1 reatk|

(iv) oH mercases

Moral = 4 marks)

Question 26
e conilibrium consrant sxpression for a gaseous reaction i 25 follows.
[y | |
_INgJis]
- e
[NO)

&

() Wrile the sguation for this reaction.

i) A0 moles of WO

aoulzie the o

equiibriuin?

pearion 27
Hrrosyl chlo

4

L L1820 S

e iy inrenduc s comrainer, Ltheon dissoc

ide and chicrine according v the eguanon:

plain the

Ll of WO i the temmner

{ity Thic cqoifinriom constant, K, for the reaction is 0028, Caleular

A it the equilibrivm, concenmiation of Cliz

-l

concentraton of N

2014 A2k Lot = & ma
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Cruestion 28
{(f} Methane and water vapour react t¢ form carbon monoxide and hydrogen in a closed
containesr as shown.
CHu(g 1 TLOG = O + 310 AT+ +206 K
Compare the irapact on the squilibiiuim system of o degreasc 1n voluine of the
container 1o 1he irnpact of a decrease in cemuperatare, Reler 1o the equilibrinm
COfIEEAMLT i your answer,
[3 mazks)
(i) Bolict ammonban hydrogen sulfide (NHLIS) decomposes to form aramoiia gus and
hydrogen sulfide gas (F:5). 2.00 moles of ammoninm hydrogen sulfide were [‘l'u od
in a seated 3.00 L. conminer and the systern was aliowed 10 reach equilibriam, At
equilibrinm, there were (10328 moles of ammonia gas. Calealage the equilibrivrs
consianl for this reaction.

[4 marks)
[BOXSTES 2016 G3le, Total = 7 muarks]

E.4 Bolution eguilibria
Cuestion 249
bl

250 Lof 10020 M powassium chromate is mized with 75.0 mT. oF 00001235 M
lead TT) nitrate. Will a precipitate of lead(Li} chromare form?

Koof lead{ll) chrosnate 1 1,8 % 1077

[2 marks]
{Chacsiion 30
Dreverming the solubilivy of silver chromate at 208 K and determing the cotceatranon of
the two ions.

Kap (A

|3 marks]

Cuastion 31
Fstimate the sciubility of havium sulfare in o G020 W sedivm sulfare sohaton.

Fop (oo sullate) = 1.0 > 107

|2 ransks;
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Cuesrfon 52
The il

£ R BLSEANCCE all di:

These sub, clazaified as an shectroly

saclocticlyre |

cach

) [P - ey e 3 - i 1 ;
and one rnowecular comprrand and deseribe what haprens

vES 1 8 polar Lo

Zoarks]
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Chapter 2
Module 6: Acid/Base Reaot
Multiple-choice questions

DNE

6. Propertics of acids and bases

Croestion 1
Which of the following combinations ate the correct properties for sn acid?

(&) [las a soapy feel, birter taste, turn blue liemus red and is an dectrolyte

(B} Corrosive, has a soapy feel, conducis elecrricity and s a good preservarive for some
food.

{C} Uas a sour taste and 4 soapy fecl, conducts elecrricity and is corrasive.

{2}y Has a sour taste, can be used as a foud prescivative, conducts electricity and rurns
blue lirnus red.

Qnestnn 2
Lnorganic acids are named uccording 1o THPAC nomenclature. Some earlier non-
systemarnic names are also accepred. Which one of the following alrernatives is carrecr?

FITPAC name Cwmrmn name | Eyi;rbm’ n
(&) | Tohydrogen phosphare Phosphoric acid - 15O, ~
(B) | Phosphotous triby dride Phosphine H.POy
{C) | Tithydrogen phosphare Phosphoric acid [Py
(D) ﬂ}f_(]j‘f_}g_(gi pho S])hO.T-TOUS | Phosphosic acid  HaPCa

Chuestion 3

1he correct TUPAC name (or ANO- s

{A) nitric acid. {B) hydrogen nirate.
{C} nitrons acid. {3} nitrice acid.

Question 4
Whiclh one of the followdng 18 ot an acid—Dbase indicatorr

(A% Methyl wiolet {8y Methyl orange
{C) Methyl propanoare (I3 Merhyl ved

Use the following information to answer Questions 5 and &,

2.00 g of sodinm hydtogen carbonate was added 1o 160.00 nol of 0.45 M hydrochloric
acid.

Ouestion 5

What volume of gas was produced at 25°C and 100 kPa?

(A 5701 ml of Clx {By 570017 ml. of GOy
{C) 57.017 L of H: (D) 570.17 mL of il
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Question &
Wi o she

SERE Ity OO

air [iedregren o
hrdrouhlodie acid 1,
olereny re

i - ok,

"Vie prsitions ab

Enis will roscr w

Wi ralenatives IF corrscE

Ye Aty resois

acicla |

(A : T

i fAnidle s

fe only reac
deh bases &

iid. ¥

0 Bres

iy R
{058 mo
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Qruestion 11

The neutralisarion teaclion of un acid and a base produce a salt and waret,

Which ef the folluwing pairs of substances arc involved in the neuteulisarion reacton?

T Nitric acid ’md coppet(1D) oxide

| I BN d.\_l(l m-] calcium hydvoxide

T Hydeoc hlr:n ic acid and aurhum carbonate

LV | Ph «phom acid and Imagriesm nudt

(&) Iand IT only

{C) LT and £V anly

Cruestion 12

A man suffedng from gasreiris

(B) l TTand IV only
1L, 1T and TV

e takes an anracid wbler fo lower the acidity in hig

stotnach. Which of the followiig chemicals are found in antacid tablets?

{A) Sodinm hydroxide

{C) Salv water

Question 13

(B} T.omon juice
(D)) Magnesium hydroxide

Which ol the following subsiances is most suitable o be applied on acidic ant biics?

{A} Vinepar

{C) Temon juice

Queestion 14

{B) Baling powder
() Llithanol

Consder the reaction herween hydrochloric acid and sodinm chloride. 1s the en thalpy of

the products more han thar of the reactane?

(A} There is no enthalpy change.
{B) 'I'he products are morc as it ix an sxothermic reaction
(€} "I he produces ave less as it is au endothermic reaction

() The products are less as heat is lost to the surrounding,

Guestion 15

lin which tow of the table below are the listed oxides correctly cluysified?

_/ﬂ Ud.-fc Bz;si'.fc Mergteal f.‘;mpfwfm}:
(&) o, W0 SO O ALO,
(B) Nl CO: o CALO
(©) €O Mg O IO Yl
o | s, 0 Ce £O

[B03 2014 £215]
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fhiesiton 16
e timgt o

1z, etk

o fom o saiedon, e

Laransg i

Fregaraot b Fasat st
Phoenobniiha e

: s

F !

(Ay D-id By 43

Juestion 17

A reprosenintion oF the Perodic Table & shown below,

clements, B, (3, R, S, T and L7 are piven,

[ P

| T
oo 3 i
S i B
§ S, ! :
‘. N
: i

nilowing vable shows the correct acic and base veacnvities of the axides

Which

of these elemeonis?

sy of vhae

! Chvide reunts with . Oxéde reacts wiih hase | Oxide seacts with both !
acid ey onfy acid and base
2T R U

(B} | v B 1 R
) }> LR | .S f
— . .

308 | R

E i &

=
[ Y]

Duesiion 18

Which row of the mblc correctly maches the sclentistls) with their theoty

T O i

. T _ I
(A} Aeds contaln o I
() | | |

ions I owrer

(€}
®;

e comrs

(HOSTLS &
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{iupstion 19
This tzhle

1

wocohiaing inforation on three widicarors.

Fhenckshrhaletn : 3.

P& range Lulowr flower pil ~ highee pF) |
3144 Red — vellow
4.4-6.2 Pinke - vellow

105

Vwith each of vhie indicaicrs and the wosults are recorded helow,

A subetatics 14 res

Bnclicntor | Covderner
i Methyl otange Yellow |
ellow
TPhenolphthalein Ceonourless
(&) Temonade pid 2.9 {3} Whiie wine pH 4.2

(i) Toap warer pH 7.2 I Awconda pH 11.2
Lo by H L

BOSTHS 2014 7]

Cuestion 2

The oxides Call, T3z MNa} and Moy are placed in water to form foar separate
solutions. Which row of the fable correc thy indicares the soludons with pH ess than 7
atid the soludons with pll geeater than 77

Serlutions
prfdces thoa 7 Bt greater than 7

{4 £ N CaC TS
(B} | 20 A0 O Nuis
(C) Cals co, N0,

() C, | CaCs N

faucziion 21
gy dicains i the rable w

Which Al be best for distinguishing hetween lemon juice
3y and potak: jricn (pH = 5.8

(pH =

Frfiearor creny pfd

(83 Coysalviolet 02— ve 18— blue
sy o i:l"h}-'l oratlge ) 5.2 —ie 44— vellow
(€} | Bromothymol blus B G} - }-*cj:]o w o b bluc |
(@ | Phenolphihaiein | 8.2 — coloutless | 100 — pink

WOSITS 2016 7]
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ngsﬁn it 2%

Tiich corlalr !

Pl

pIURAL i sohzdons would produce the owesi bosic gumice?

{1}
{7} Salh.
{0} Sulturie aoid snd sodium ©

FATS MG ()

6.2 Using Broonsted—Lowry theory

Caestinn 23
The pH of some comrusg sebstances is given o the dagram bekow.

H
£
bk
!
§

i
o ] waiee | AP I

: ) . t ; i

[ H 2 : i ¥ -‘E‘ A i

Four students were asked o compare the hydiogen ion concentrariin
selutions, Their statements wers:

Stadent 12 1n vinegar, [[17] & four times grearer than i cloudy ammaonia
Simdeni 2 = THT| is twidce as large in antacia as it s n cotbes.

Stprelnt 3 lﬂ 304F ‘_ LTI 35 10 00 ey greater than in oven cleanes

T} is 1000 Hizes la Fgor 5 fomalo jufce than DIlC.[i cleatier.

"1'.;-..r e 15

{B3)  Student 2 {C}  Swdent 3 {(B) Swudeonl 4

L

Duestion 24

: . i : S . A - [ I S
A srudent Is asked to compare salanons of two acids. Acid Tis (05U el 177 ettric acid

and acid T1 i 0,050 maol L7 airric acid,

Mich ome of ihe following siatoments s conects

i seld 2 and acid §is more conceniaed.
£ than acid 1T and acid T and more concenbraged.
cr than acid L and acid © s moere diloie.

von scid 1 and acdd 1 and more dilare.

(A Acid T i steony
(R Actd bis we
(2 Actd [is seros
{0} Acid Fis weake

Qaestior& 25

The pbl vahe

s ace pivert I the mble below

[

Cossniitin i i

| 1
"t
i

-

|
|
e |
!

|
i

!

(.50

Which acid s the swongest?

(A) Acid ] By Acid 11 (C) Acid TTT (D) Acid TV

kS
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Chuestion 26

The concentradon of a bardum hydroxide soludon is 5.00 % 10 ° tol 1.7, Assuime that
the substance is completely dissociated. What is the pl! of this solution?
(A} 2.0 B) 23 (Cy 11.7 Dy 120

Question 27
Which one of the fellowing agueous solutions will have a pll of less than 77

(A} Sodium acetate (B} Potassium chloride
(C}  Ammonium chloride (3} Sodium tiitrate

Question 28
The pH of 2 3.0 X 107 mol L' solution of barium hydroxide is:

{A) 1.0 (By 43 (C) 9.7 {0} 10.0
Quesiion 29

A solution has a pll of 3.0. The concentrarion of hydroxide ions in this solotion is:
(&) 3.0 mel L (B) 1010 ol 1,1

(C) 1.0 x 10 "mel T (D} 3.0 % 10" mol L™

Question 30
During the reaction of magnesium with dilate sutfuric acid to produce hydrogen gas, the
pH of the reaction mixture would:

(A) rise from 2 low level, {B) fall from a high level.
{C) stay conseant at a low level. (D) stay constant ar a high level.

Cuestion 31
The pH of 0.1 mol L™ solutions of acetic, citric and hydrochloric acids was measured.
Which solution has the higliest plif

(A Ciiric acid (B} Acetc acid {C) Hydrochloric acid

{12} The pH of the three soludens is the same,
BOS 2012 Q1]

Question 32
Which of the tollowing changes take place wheo 30 mL of water s added 1o 30 mL of
(01 maol 77 acede acid®

pE Degree of fondsution
{Ay : “ Increase Decreass -
(B} Dcerease Inerease
(C) Tncreasc Tncrease
) Decrease . Decrease

[BOS 2012 (18]
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Reter to the diagrames below o answer Quesdons A% and 34

: !
! |
: !
T s I
H E‘i_'-{i !
: ;
i Mo :
| {

Acic 1T

Dhacstion 33

Which of these mndels d

(8) Acid L (B) Acid Tand LL
(C) Acid (1) Ackd TEand IV

Qrucsrion 34

Choose the correct answer t match the properties of the foar acids.

Acid IV

Acid{ | Acdd I Acid T

Acid iV

W

dizsociated !

Strong and i 1l and folly

Weak and dilule
concenimated

(A

Strong a

Weals and
concentrated

Surong atd

YWeak and dilute
« (}ilLCﬂlT"LI't‘(l

(B)

Srrong and dilare |

el dilure

W eak and
concentiated

Strong and i

' ; Wenlk and dilute
coORnCEiraled

© |

Sirong and
concentratad

Stionoe and e .
= Weal and dilure

(D}

concentrated

Weak and dihare

Question 36

rand diluie

27

What is the pff ol a 0.018 mol 1.7 solution of hydrechloric seids
tAY 074 By 0.56 (Cy 1.04

L4 C3LA]
fruestion 36
1f cxactly one gram of each of the following compr)unr"s is treated : yrircchlonc
acid, which w oinld reloase the arcatcst volume of COu) av 25°C snd 10U Pf‘ﬂ
Ay KO0 By KHCO: () NaaCOs (EEy TNalicih

[BEDEVES 24
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Quiestion 37
The diagram shows the pH values of some subsiances.

vl

Ldill:
i i
| ; | )
Stomuck 2 ! Civeg
: g ! clparer

: i : H ; }
i I j ; i f
4] i e G 13 P4

Based on the iuformation provided, which of the followin g s{aciments ab:out the relalive
conceniration of bydrogon fons i3 correct?

(A} Itis 2 tines higher in bleach than in milk.
{B} Ltis 10 thmes lower in stomach acid thar in soap.
{C) Ttis 1000 times fower in distlled water than in wine.
(13} Leis 160 times higher in loundry deiergent than in bakin o soda solution,

[BOSTES 2014 (2]
DQuestion 38
Fhe graph shows the pH of a solution of a

weak acid, TTA, 45 a fncuon of tem perature.

What happens ag the tem perature decreases?

(A} HA becomes less ionised and the H™ concentration increases.
(B} ILA becomes less ionised and the ' concenrration decrenses.
(C) HA hecomes more ionised and the H™ conceniration increases.
(B} 1TA becomes mwore onised and the 117 concenivaiion decreases,

[BOSTRS 2014 £3#]

Question 39
Which of the following solutiens has the highest pHr
{A} 1.0 mol L™ acetic acid (B) (110 mol L. * acetic acid
(T} 1.0 mol L7 hydinchloric acid (D) 0.10 mo! L™ hydrochiogic acid
{BOSTRS 2005 13|

Cuestion 44
200 mT. of (.020 mol 7' barium hyvdroxide solurion s added o 50.0 mb of
(140 mol 1 hvdrochioric acid solurion.

Whalt is the pE of the final solurion?

{4} 02 By 1.6 (C) 1.8 Dy 29
[NESA 2017 (320
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Cruestion 45
Which of the following could be added to 100 mi. of 0.01 mol 7" hydrochloric wcid
solrtien 1o change its pid o 47

(A 200 ml. of waer
(B) 900 mi. of 0.01 mo! L™ hydrochioric acid
(Cy 9900 el of waler ’
{13 9900 ml, of 0.01 wol L7 hydrochloric acid
[BOSTLLS 2016 (312]

Question 46
40 ml of 0.10 mal L7 MNafH is mized with 60 mL of .10 mol T4 FICL

Whai is the phl of the resulting sohation?

{4) 7.0 By 17 (Cy 1.4 Dy 12
[BOSTLS 2016 QT

Question 47
Acenc actd has a pRy of .76, How would an unkoown acid with a PRy of 3.29 be
classified?

{A) Ttis weaker than acetic acid.

(B} Ltis seronger than acetic acid.

(C} Tnsutficient information has been supplicd to classify i,
(D3 Les K, value is 1.8 x 1077,

Question 48
A buffer solution has a pIl of 7. Dilate sodium hydreside solution is added 0 200 mL of
this buffet. Which of the graphs helow shows how the pH will vary during vhis addition?

(A (E)
(€ @y
<j{ rd
o .5:'

Cuestion 4%

Which onc af the mixtures below would not prodace a buffer solution?

£AY HNO(eg) and NaNCxlag) {B) NaH:POulag) and MNuBPO, (ag)
() NILTEag) and NI Lijag) () Sodium citrate(sqg) / citric acid(ug;
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Graestion B

A sredent is asked o dirare o siton base

1 P R .
elows TO A terimitis thae coneeraiy L

b & buagerie weas vinsed wirh dhe acid, enrpticd ¢

1.LC1<_I_.
2.
AA '_';ipc‘:r = weater ared then used ro nansfer a volatre of rhe standasd
hase solurion to the conical e
4, g 5 e solution of the base aad e acld wae odded Frorm the
sed colowr,
he sudent fren calowdates dhe concongation of the acid, Which one of e following

craicmentts aboul hig walue 1n correcd

comeeriteanon Wil be o high,

~ill s koo dow.

CORCCILEraliomn

(Y It iz not poseible to weach 2 conclusion about the ¢ scid concentration since his

techoione was faulo,

(1 acid concentration wil be correer

Ouestion Bl

A studery carried owt a tittarion by adedias (U100 mod LT from o bucetie to 20000 sl
af NaOH solution na corical flash o pH i rhe flash way
measured and plotied against the volume of HOE added, Carve T resnlted.

1
. 1
Eration ¢

ralipna ¢

vt 77 HO was added o 20.00 mEL off 1 diffcrent base.
5. To find
tebale helow

I a second diraune (1

TEFRIT Wag Cury
4

- 0= ERTTINE TR -
ANOrS A0 RS, )

Apairi, the pit of the lf’ uJ.{ i the al*vI WAS TR L‘Ll_{|. 1“_ :

the eculs
;ll“'!"'\‘ r-rj ey i

Farnee of coloar

Aoddlie colour = Fpaic cofonr
chanpe
thed 1.2-2.4
Red E TAG2 ' B
: el 6.0-7.6 i 4
. o —
G- B4 i

Elaisrg this infermation which mdicator would be suitable fr boih tradons?

(AL “Thymol bloe (By “Werhylred
£y Bromethymol blue {0y Phenol red
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Cluest g 52
Aostrong base Is used to Herate a soladon of 2 weak diprotic acid. The cojuivalence polnt

15 reached when:

(€} the molar rata of acid 1o base is the same ax that *equired by the cherrics] equadon.

0y e pF s 7.0,

The inllowing {nibenation fs raterred vo o Questons 53 and 74

A ~

4 student wishes 1o determine the concentraticn of cthanoic (ace
stzdent tircates 2 20,00 ml. sample of a standard sodium hydroxide soludon
diluted vinegar schiion from g burctte. Four experiments were carries our and the

Toliowing titratdon tesulss wore chtvined: 21.65 w7, 22.35 ml . 22,30 mr, 22.35 ml.

[

avid th vinegar. The

e

ba

.

Crusstion 53
The discrepancy in the first diratdon could be due to the student washing:

{A) the conical flask with sodinm hydeoxide soluion only.
{B} the pipeiic wirh warer only.

(L} the burerre with wartet only.

(I3 the pipette with sodium hydroxide solution only.

Cuestion 54
To make the solution of diluted vinegar, the student should:

{AY use a pipetie 1o deliver a known welumie of commescial vin Cgar iitto 4 volumetric
fask and add water natil it rcaches the marl,

(B} usc a meusuring cvlinder to deliver a known volume of commercia) Viegar It 2
vohimetric flask and add water until ic reaches the mark.

(€ deliver 2 kaown volume of commercial vincgar from a burette inte a mezsarin Iiy
cylinder aind acd waver vndl it reaches the mark.

{£3) mensure the volume of commercial vinegar from a pipette into a con
theo add 4 known volume of sater frem a burette.

icn] flask and

CGuestion B5
Dinitrogen penroxide reazts with water to form nieric wcid. Fhe relevant equaton

MO + H.QF — ZHN D)
Sodium hwdroxide reacts with nitric acid as followns,
LINGs(ag) + NaOH{ug) — NaNCr(ug) - H2G(8

216 g of dintivogen pertoxide is reacted with an excess of water. The resulting niiric acid
is nearrabised by reaction with 0.25 mol L™ sodium hydroxide sobution. ‘T he volume
required s

(A} 0010 L (B) 0.080L (€ 0.160T. Dy 6251



[
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Module 8: Acitd/Base Reactions

Onestion B8
Which of tlie foliowing s o conjugarc acid—base paie?

B) 1LOT/HC
(D)) FLO* /Y

'1|| conid act as 2 buffore

(B} a0/ O1Y
(D) HaD0 /HEBO,

[BOS 2012 O

OIS 2012 O4)

uestion 59
What mass of anhwdrons sodium cashonaie is requited w0 pen tealise 10l of
0,500 mol T.7 acere acd?

(A) 265 ¢ (B) 53¢ (C) 106 g D) 5itg
BOS 2012019

Chiestion G
A 250w sample of 2 0000 mol 17 hydrochloric acid schimnon compi
234 mb of sodiam I

Loy repcred with

roxioe soluuon.

i
4

Oc‘m i I"\(‘JT_'U_&I(_L soluldnn would be required o complately

ol L7 seetie acid solaron?

(A} Less than 2
(B 5.4 mb

Gy LL.-IOE'C than 2%.44 mil
(T3 U

absr lone

Tabls o cale

TAEL

Chuestion 61
The foilosring soyusion FERICSEHTS & chemical sysien: tn eon libytiaem:

D () + HaO) = HOCHag) -+ OH (ag)

ich of the followieg is an acid/base conjugare pair:

Ay F/HOC (By HOG/G 1
(C) HOT/OC (I3 GCE/ 110
5 2014 Q1]
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Cuestion 42
Which type of plassware is used in 4 ticeation to deliver an accurate volume of 2 solution
tor a known volutne of another solutions

) ;} E‘ ® i ) } ’ @
I LE ? J {1

L

o

I
_ i
[BOSTHS 2015 $32)
Duesiion H3
The giaph shows the changes in pH during
A Cration. oA

JEF SN— —
Which pll range shomld an indicator have o 1 '3.; \‘,
e used in this ticratdon? . l
3 !
(A) 3144 (B} 5.0-8.0 8- :
< - . A [ L E
(C) 60.0.-7.6 {0y §.3-10.0 ; 5 \-\,M__m“_"
4

"
I
Yalugre fmil

[BOSTLS 2015 (141

Question 64

Which of the following ix the conjugaic base of the FLPO.™ jon®

{A) POy (By 100 (<) I1PO (@) PO
[BOSIES 2016 Q10]

Question &5
Ume litee of an agueous solution 1 formed from mixing equal volumes of 0.2 mol T,
hydrochlotic acid and 6.2 mol 17 sodium chloride.

How effective as a buffer is the aqueous solution furmed?
(A} Ineffective, because FOL is a strong acid

(B} Ffleclive, becanse CI7is the conjugare base of 11C]
(0} Tneifectve, becanse NaCl fonns 4 nentral sali soludon

(I3} Liffective, Lecause the pH would change whei a sohition of NaGH 1s added
|NESA 2017 Q14]

Question 66
Tn an experiment, 30 ml, of water is to he transferred into # conical {lask.
Which piece of equipment would deliver the volurne with the greatest accneacy®

(A) Buretre (B} Beaher
{C) Test tube (D} Measuring celindes
[NLLSA 2007 Q1]
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Fres-response guestions

6.1 Propesfies of acids aid bagses

Chndine the characievistic propan cancd basce o acpeoas solutien

[ g

Qestion 3
Complete the

table laelorn

 Comypwonzod 1 (:")ﬂ}}p‘ﬁ{f!} aaree | fowmafa !

Potassi § - Ainincnia R
Mitrous actd Carbonic acid l
L;lnm:.b acid . Phosphosde ackd ) |
. Barium hydroside - ‘

Sodium hydvogen catbonaie

PO st

Quesdon 3
& uld remedy for hearrburi was @ ditinke 4 water mived with bicarh soda {sodinm
hydrogen carboisse).

Wirlte a net equarion for thiz peutralisation seaction.
[2 marks!

Craestios 4

I coal-fired power siations, limestond sharsy {ealciuen carhonare) is used o sciub acidic
subfie dioside gas from efflucnt gases, a8 it is a pollurans.

WWrite a bafanced equation o shirer this reaction and name the produces,

[5 vmarks]

Cuesiloc 5
Antacids prodacts used for treating heasthum, cansed by exc esstve acid (ruaindy

hydrnchioric scid) in the sgormach, corgain aluminiam hypdeonide and magnesiv
.

brgelroms

tie balanced e o the nenrcalisanosn reactions of e anceeid.

Juestion &
The acid-basz

e :of oxddes of eloments depend on the posinon of the slementin
the poriodic table

Give cxarmples o support thiy smatemeni, Inchuce acidic oxides, basic oxides and

arephoterte axdides,
s

il lime, catciam owide,

b marks)
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Question §
{(a) Outline the cxperiment you have conducted 10 measure the cnthalpy of
neutralisation. [2 1oaresf
(h} Sketch my cncegy level diagram to show thar the reaction was cxothermic, {1 mark
[Tol = 3 marks

Cruesticon @
Some natural indicators (beetroor, Dlucberries, carey powder and ted cabbage) were
tested with a range of common solutions and the resules are shown in the tble below.

Solution Bociroos Blucherties L3 z.{&}";c.:':o wides Red ca Sisagre

Brick cleaner | Red Red Coloutless Orange N

%’ nepay e X Bed/ purrle 'i_i)lourlcss Pirtls |
| Rain water T Red Purple Coloanless Purple o

Purc walcr Red/purple | Green Colouzless Blue

Baking soda Purple (rtecn Crange " Blue/green

Floor cleaner Parple (3reen N Red Green

__O\:- cn cleaner i Purple - Green | Bed Gireen

Drscusy the usciulness of each indicator regarding its sbility to distinguish between the
solutions used.
|3 marks]

Question 0
“The Bronsted—Lowry theory docsi’t go against the Arthentus theory in any way — it just

adds 1o i) hirps:/ S chetngide coosl / phiesical Sacidbasepqia s thensies hier

Lixplain this staiement and include cxamples to support vour answer.,
1 -
[4 marls]

Quesilion 11
A srudent nvestigated how the volume hydrogen prodaced in the reaciion berween
hydrochloric acid and magnesiom depended o the mass of metal used.

For cach mass of magnesiom used the student messured the volume of hydrogen

produced w 23°C, and 100 kPa, Tn cach experiment 100 mIL of 0.255 mal 1.7

hydrochloe acid was used.

The equpmeni used is shown in the diagram below, and the smdent’s resnits arc in the
] L E

follewing Lable.

R sHece

/

salwion / Y e

o/ Yo gedid By
I -

M
S ';;(
BT S 0?4-)



Modula & Aold!

Afaes ¢

P i L TR TRAS O

ity Froswas

wolame o

fob Heplabn wihy the o

5 SEpet ‘Led w0 be prodace

= el Ffoe aid wasks sircams.

in the textle Indusiy © ook

riation of sodivg cihanoaie

T an aquation w0 describe dhe from an acid- base

repction. MNamne the reacrants, [5 marks]
(b} An acid—lmse reacton is fmo\\'m a8 ﬂ-“uﬂ'ali m-“ion 'hu‘i rescling \JJI sohafion 1s ot
alvrays neutral, Exp

{Iucs
Jl saucal ¢ L\f‘!ﬁ are ofen porentially dangorous becanse of
= chem!

EE Y RA s

Ay [‘] S5 km,c.“s could b

2 i e OTereOnE

ed the aucuracy

s sclentiists over lme have impi

s wmadern deflaivion of an acid by consfdering die
v, Arrhenios, Brensted amd Dowey,

[

ark]
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uestion 15
An indicater is placed i waicr. The resulting solution contains the green ion, fad, and
the ted molecule, THnd. Explain why this solndon can be used as an indicator, In vour

respouse, iclude & suirable cquation thar vses fad " and Hind
[BOS 2013 325, 4 macks]

Question 16
{ay Outline a suitalile medhod to prepare a natural indicator, 12 ks
{b} Jlow could 4 namial indicator be tosted? [2 paarks]

[BOSTRS 2015 G21; Total = 4 marks]

Daestdon 17

(2j A solution of Iydrochloric acid has a concentrarion of (1.330 mol I Calewlate the
pll of this solation, fi amark]

(b} 50.0 mT. of 0.023 mol L7 batmn hydroxide solniion is added wo 5010 el of

0,350 mol L' Livdrochloric acid.

i} Write a balanced equation for the reaction that occuss. |1 mark]|
(i} Caleulure the pH of the resulting solution. [3 marls]
[Total = 5 matks]

Guesticn 18

Thie equipment showa is sei up. Afier some Ume, a dog of white powder is seen to form
U : 2 I

on the inside of the glass mbe,

H i
HhRbs TS

b
covion wool soaled s

sopcmoaed annoniy

!
cotron wool soaked in
2 bydiochloce

fa) Why would this NOT be an acid—hasc reacton accosding to Arihenins? |1 mark]

(3} BExplain why this wonld be considered a Bronsted T.owry acid-basc reacrion.
TneTude an cquati(nl H1 YUOE aNSwWer. [2 rrarks]
[BOSTES 2005 €328; Total - 5 marks)



i
i)
12
(3]

fioduis & &cld/Base Resetic

(Juestion 19

The vohaiine of i added oo pure

100
LS 20140 (32T; 4 rrarks]

Caleulaie the oviginal arxss of the aluminimm saraple used e the

6.2 Using Bromsted-Tawry theory

Queston 20
[ he vearer i Take Barga, Qneensiand, i« very acidic dne 1o the presence of natatal

on of FT was measared af 25°C o

AN

organic acids from plant mecerial. The con
e 7 10
Cauleulate e pEand

inf the lake’™s water.
[2 rrarks]

Quw?‘em A
ce Jonie cqraitons for the follow

rEACTINNS:

{a} AL (/f(z.r,l + MalOnian — Zallly ”ﬁl [1 ek

(hy ALCRG + ST a) - ZAICK gy — YHAO(

Ciresticn 22

solate don {0 B

5, cxplain whs

i1T Al LS T SRR OTT YILE ATEWE L

i3 rnarlisl

Cuestion 23

e fullowing reaction:
+ HPOW fag)

Tdensify the two acid-lase pal

SO, lag) + [Rera

Qm.-mnp Z4
ai equation tor e hydrogea snlfate 1on reac ting with warer ug
& Irse {by  an acid.

12 inarks
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Cuestion 25
The hydroxide cencentratnion, at 23°C, in 2 potassiutn hydroside solution was measured
o be 00026 mol 2.7 What is the 5 of the solution?

[1 tnaik|

e soil @ the south count «

aiion M

S
LIS AT

" Anstralia is tick in caldum carbonace, &

meist, the pil s i the range of 7-8.2, The pH of a sample of wet soil was rocasured o
Le 814,

{a) Whaiis the [H" fox this samople? Mt mtack|
i} Ts the s0il acidic or basic? [1 1mark]

[Torat = 2 mazks]

Quesiion 27
Beryllinm hydeoxide is am phipechc, Briefly describe cheinical wsts har could Be
conducied 10 conirm this properiy.

(2 mnarks)

Question 28
The relative sirengths of acids i water soluton can be ctmpared by messuring the pH
ot 01 mol L7 solutions of ihe acids. Some data are given in the following rable

!_ Acid I pH of 0.5 mail L7 soln tos of acids
' Flydrobromic acid, n 1.0 |
iydrofluosic :.1.(11(1,?1 2.1
Formic acid, HOOOT] 2.4
t Hydrogen sulfide, TD8 ; 4.0
{a) Calculate the L' {ag) concentration of 0.1 mol 1.7 lormic 4eid soludon. [I marl]

&) Fromthe data in the table, predict which of the four acids is the weakest,
Fplaia yout answer. {3 matlzs]
[Towl = 4 imarks|

{ineston 29

Hydrogen sulfide is a highly poisonons gas and stringent precautions are required i its

handling,

{(a} Buietly cxplain why hydrogen swlfide is cousidered an acid accordin g 1o the
Bronsted T owry theoty, [2 muiks)

{b} Write & balanced equation for un acid—base reaction berween Lydrogen sulfide and

waicr and indicate the conjugate scid—base pairs nvolved, [3 marks)
[Toral = 3 mrathks|

Question 30
A sarople of FICEhas a pH of 1.5,
{a) Calculare |H™] in this sohation. [1 tmack]

{b) 10.0mL of this sohidon is made up to T.00 T. with. distilled walcr.
Calenlate the pH of the new soludion. fl tmadk|
[Moral = 2 marks]



Moduie 6 AcicBase Raactions 41

Juesiion 31

far 041 mol 1.7 solaton: of sod

1 cashonae and sm

LT

TP

i
i

iz was meastrad. Tr was found Uhar sodi

e pil

m carbomaie had a

Whieh is the girorer beee? Heplainn pour angwret, 2 s

“a haze hus o pH of 9, deterning the hydeoside

FHE

wA

iy 1ran ag

comeearation sl the soluson, Il

(¢} Wrire ihc confgurs base of the hedvogen carbonate ica. 1 mark]

Ouesidon 32

ey whiat volnme must 3000 miL 070,520 mol L7 sulluric acid be dilured so that the
. PN -1
concentration is 0,100 el T

Chasstion 33
studeit hag |
()

The swudent then adds 0.40 ol 7.7 hydrochloric acid to neuralise the bariom hydroxide

golaiion.

i el of & soluilon of bagum hydroxide, The pH of this somricn s 15

tis the concentraticn of GE ag) jors a this solutian? [1 k]

(b) Write » bulanced Jonie equanng for the reaction. il rnatl]

{c) What vohune of the hydrochlons scid would be needed for compleie nenrralisanion?
[1 1azk]
iFotal =+ 3 marks]

Dueston 34
W

e Tod Cqualions sho

wing the amphiprovie nature of the hydrogen carbonate ion,
[2 musles!

Cruesiion 38
The disgrain betow show

{a} 308wl of 0000 ol T hpdrochlonce ackd sehition i added 1o 495 T, 6

il

aadate the pH of the resulting solution, 1 ruask]
e acid is used as a food additve and metha

cplain wlhy these subsi

acicd iz used a3 2 prasesvative.

|—:-'1 VGRS

seludons s

Fa
4
3
I
=
Z
by
T
oy
-
bl
i
B
=4
Iz
"
£1
&
o
T
o
=
=
o
o
o

{r} The three acidic
T wrlues, Panlain how this can occur,
t ¢
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Quesdon 36
The pil of some (L10 mol L7 sclutions are given in the table below,

] Soluion o L pi'-f

0.10 mol L sodiven hydropen sulfare, NaHS0), 1.37
10 mat L~ sodiun dihydregen p_hc:sphzltc, NaFLPO. A ;
1010 mol .7 disodium hydrogen phosphate, Naal 1PO; 01 |

LUse chemical equations to explain the pli of the theee solutions in the above table.
[3 rnarks]

Ouesiion 37

The owner of 4 swimming pool decides thar there are mwo choices for chlorinating a
pool eliher a solution of :_hlormc, o, or 2 solution of sodivin hypochlotie, NaCl,
could be added. When these substances are added ro water HOCL, which is partially

responsible for killing bacteria, is produced,

(2} Toreach substance, widre an equation for irs reacrion with, water. [? marks)

by For each substance, explain low the pk of a swimming pool will affecied if it is
2 EXF } g1
added to the pool, 2 rnags]
IToral = 4 marks]

Question 38
A soludon was made by mmno 300 ml. of 0120 mel 1.7 hydrochlogic acid with
25.00 mi. of (1.200 maol [ Hde]Lli'n hydroxide. What is the pll of the mixmre?
BOS 2012 Q28 3 marks]

Question 32
An cxperiment was performed (o model the formation of acid eam.

A gample of sulfur was bumed on 4 metal spoon. While alight, it was placed 1 a gas jar
with sotie dry liunus papet.

When a fine mist of water was sprayed into the jar, the litius paper lirned red.

Aszess the suitalility of this expetiment as a model for the Formaton of acid rain.
[BOSITS 2014 Q29 5 marks]

Question 40
Dyvaw diagrams to illustrate the difference berween strong, wedk, concenirated and dilute
acids Aﬂd Luses.

[0 +narks)
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6.3 Dmantdeative analyais

Cucaiic

1

41
3

2eaMl il ofas e oif aodh HEOpeil ElL]}l"\IlEL e, MaHTs
U754 med T sosndard solnton of sulfuric acid. The s L.sv_!l‘-_s. o f‘r_}c o

alioweri i the *,lbh, below, Tr each case, che same indicator cnlou

endpodiar
Tiermedon Valmine of suifiric 'scjd need (L)
i B B p— i
: A i

(a} Wrirs o palanced chemical equation for the reaciion herween suiforic acid and
sexdfiein hedrogan carbonac, i mark|

(B} Swzgest 4 teason for the higher result in otraiion L. [1 marki

(2} Celeulaiz the concentralion of the sodium hydrogen carbonate sohafo. '3 muarls)
Foeal == 5 mads]

Ques*ion 42
(8} Porassium hydeogen phthalate, KICH.Oy), s o monoprotic acid that is ssed w
preparc soizdons of accurarcly known concentraiion. Dt

hai would e used o prepeve a standard solution of poiasshum hydrogen phthalaie

v degcribe the procedure

from the solid. 3 rrnclest

() Subsrances such s potassiam hydrogen phibalare as called “primasy standards’. Give
rwo properides of primary staxdards,

{2} Caleulale the mass of potassiwn hyciogen phibalaie &
0,130 mof L ! solurion,

{esrion
The nw.tsutacmrcr oof antacid rabicts claims they contain 99.9% magnesium | carhonsie

MO0, A e

v eed dne

following procedure to check dis claim.

-

© A rablet was wefghed and then placed ina conlical Aasle, The miazs of the mblet was
74T e

° the snadent added 20,00 mil of 0.996 mal 177 hypdeoclovic ackl to
the m.)l 't i che conicad 2

e Whes the conction ; ic acid had smoppea, e
e was hoiled ?Lﬂtu e ". iEIIOECS, lﬂ mi. f water was added e the liquid in

the conical flask,
- "hﬂna pk

salei

indicaior was then sdded o the Oask and the lyuld sas
~ sadium hvdeoxide salution to neuraise dic exeess u','_lrm,hlt;iu-

¢ The volime ._-,;—' sor% fin Rpcdsoxide solution sequited to ehangs the colout ol the

ndicabor was 22,39 ml.

fay Write a batanced equation for the resctivn betwoen hydrochlosic ackd and thue
magnesium carhanaie in the abled i nad)
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(b} Suggesi a reason for bolling the liquid in the conical flask (or 10 muinutes. [1 mark|
(e} Calculate the arount of hydrochloric acid, in moles, added to the mbler, [L mark]

() Caleulate the amount of hydeochioric acid, in moles, that remained in the flask aficr
the reaction with the magnesium carbonate. 1 mark]

fe} Caleulire the mass of magnesinm carbonare in the ancacid rablet. F2 marks)

1 Calculate the percemage of mapnesivm cathonare in e antacid rabler and cormpaie
L F p b 53
this valae with the mamafaciurer’s claim. [2 mrarlss|
[Total = & marks)

Question 44
Anbydrous sodium carbonate may be used as a primary siandard buse in volumertic
proceduras,

[aan experiment to determine the concentration of 2 hydrochlorie acid soludon, 2
standard sohition of sodium carbonate was preparad by dissolviog 2.73 ¢ in water and
mahing up the volume 10 250 ml.

Lis a tivration, it way found har 20.5 ml. of the hydiochloric acid solution was required 1o
react complerely with exactly 25.0 mL of the sodium carbonate solution. Methy! oran oe
ws uscd as the indicator,

(4) Caleulate the concentration of the hydrochloric acid. Fl mark]

(b} Draw a diagiam of the apparatus used in the dtration step only. Indicate in the
diagram rhe location of the sodium carborate, hydrochlosie acid and the indicaror
solurion. | roarles|

(=} Describe the apparatus and procedute used to obrain exactly 25.0 mL of the
standard base solution, |2 marks]
[Toral = 7 marks

Question 45

"Whe coucentration of hydrochloric acid is determined by trration against & standard basc.
The standard base solution is prepated by the following procedure:

®  Weighing accurately an amount of the solid Lase on an analyiical balance;

¢ Dissolving completely that amount in distilled warer in a beaker;

¢ Transferring the solurion quantitively to 4 250 mlL volutnetric flask;

¢ Adding disilled water unul the rotal volume of solaton s 250 mi.

{a} “i'wo bascs are available, sodium hydroxide and sodimm carbonare. Which cne of the
ases shouid be usedr .

Axplain your answer, [2 maxks]

() How would you ensure that the tranzfor of solution {rom the beaker to the flask is
quartitative? |2 swarles|

{cy Ifitis necessaty o rinse the volometric {lask, what would be used? |1 mack|

(d} Whar procedure must be followed to ensure the zolution in the volumetic fask is of
uniform concentration? |1 mark]

(e} Skerch u vohunetric flask, showing ius essental feanres. [ rnark]
[Lesal = 7 imarks|
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solwten uf fior 12 mat

r - -
|- ThA

Yol =5 ms

{ruestivn

i

e

t the pH of a 0GR &
' {1 sias:]

Duestion 5
Lisi

it b oo nanural system.
o buficr

g a specific examp!

[3 roavks]
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Thiee flasks were prepared each con raining a mixture of 25 T, of waicr and 10 mL of
cthanel. An aspitin tablet was dissolved in each flask. The aspiritl o each solation was
titrated with the standardised NaOI 1 solution accordin g 1o the following equation,

ColdeChfag) + NaO il ag — Call:OulNalags + HO()

Th

16 ttrarion resuls shown kelow were obiained.

Tables Vodurne (oL}
L 1eco
2 16.50
] i 16.55
(b} (i} Calculate the uverage mass (mg} of aspirin per tabler. | maulzs]
i1} Why was it necessary 10 include the ethanel o the mlsoures 1tk
* E .)

[BO5 2012 GB0; Total = 6 marks)

Question B3

A student attempred to derermine the concentranon of « hvdrochloric acid solution. The

sicps shown below were performed.

Step 1t A conical flask was rinsed with water,

Sep 2 A 250wl pipeite was tinsed with wacer,

Srep 31 The studenr dlled the pipetle with a standard sodinm carbonate solution o the
lewel shosen i the disgrasm.

s Capaditions el

o Sodium carbote sointion

conical flask. the smdent ensured that all of the sodium carbonare solnton was
erunsferred (o the conical flask by blowing through the pipette. i hiee drops of
an appropriate indicator were added o the comeal flaglk,

Swep 5 A burstte was rinsed with the hydrochloric acid solution and then filled with the
acid. “The student then carried out a titration 1o detcamine the concentsdion of
the hydeochleris acid sohrtion,

Tn sizps 2, 3 ana 4 above, the student did not follow acceprable procedures.
(2} identify the mistuke the student made in step 4 and propose a change that would
improve the validiey of the result. _ 12 raks|

(b} Hxplain the effcct of the mistakes made in steps 2 and 3 on the caleulaiion of the

concentrarion of the hedeochloric add soltion. [3 moarlss]
BOS 2013 248 Toral = 5 masks]
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Questing b4

rmanuinciuie, T detcsuine its

.‘:.t'*p 1o A kel geam senple of the contaminared diry ieo v
flazk
56

! CIMICE was M

soc e et

T YU
VEIOAIAC WRS [ eNO

J— 1 5““‘*'} iy e ent logs "r}_rt_ﬂl’])\m dicvide

g e 1'LT|.‘:C \".l_‘iL['d?'_H.. L

- HO0
sehium lydrowide weas drared against a £OD mol L7 solnglon of

1 H-Cl used was

hycachloric Lu,ll The ay wohune M) ral.

{2} Calcalate the number of misles of MaCH added in Srep 2

(b Calodate the porcentage purty by mass of tlus batch of dry
W

{Question 25
A sodium hydroside scluiion was strated against citede acid {CeHWO
{a} Drea

?.Lcid_\} . sz

ich is titprouc.

the structural formula of civie acid (2 hydeasypropane- 12 5-tricarhoxylic

(B} ow could a compurer-hased Lechnodogy be used o ldentify the cquivalence point
of this titzaton? 2 marks]

{2} The sodinm h\ drovide solurion was divated against 23.0 mb sampies of
(1100 mol 7" airvie acid. The avesage volumc Of sodhum bwlcoside used was

4150 mif.

Caleulate the concenivation of the sodinm hydeowde solution.
s BiRTLS 20iE (Jr’ﬁ‘

eaestion 56
plain why o

St 111111 HOE T’/.‘d [
ool A smatl s
a,

e pH of rhis soludon woulda e af
1 ydrvoxide sommtion, Include ar

adid]

L OUS BNSY
[BOSTILS 20154
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¥

Opuesiion 37
A solation of hrdrochloric acid was standardis
soludon using the folio

«d Ly titration against 4 sodinm cavbonale

g procodure.
/ J glassrare was iased correctly o remcve possible contarainands.

Tecehlonic sed wes placed to the buretie

Fsedinr carboraic selution wis

- plpetied lote die conteal Jask.

che (L2030 el T

crie s was found

The gwanon was pecformed, and the hy

s} Tdentily the substance used to vnse the conlzal flask aod justify vour answer.
[2 raalss)

(0} Seashells coovain & o
cid was ueod wo dotermine rhe Derceninge ] Py
the following procedure,

£

s AO1 rile of the scashelb wus miaced in 2 conical flask,
" ;( 3 enl. of the standazdised hydicehloric acid was added 10 the comizal flask
o Arthe complet: m of the reaction, dhe mixtute in the conical {ask was titrared

al

W xlh 280 mel L sodinm hydroxide.
the firearion was 29.3 mil.

Phe voluroe of odiui hydroside vsed in

Caleulare the pereentage by muss of carbonale in the sample of fhe seashell.

-

[4 marl.s]
MOSIES 2016 Q29 Total = 6 maiks)

Quesifon 5%
Asolution of sodium hydroxide was titrated against 4 standardised solution of acetic acid
which had a concentoation of C.5020 moel L7,

{a) The endpoint was reachcd whea 15,

added to 2500 ml of ¢
Calculate the concent:

0 mt. of sodinm hyideonlde selution bad been

e aeetic acid solulion.

ation of the sodivm hyaroxide soluvon. 73 miarks)

fb) Explaio \,\fl v the P of the resuliing sali solution was not 7. Tnclude a relevant
cl: .(:mlr.a_l EQUALION N YU AnSwer,

NESA 2017 24



Chapier 3
Module 7: Organic Chemistry
E?ifﬁuiﬁg}i%w@::hﬁﬁm guestions

7.1 Morgencismre

uestion i
Tlie cotroet name for CHRCH=

€A% pont-l-arie, {50

CETCH:CH: s

Duesticn 2
What s the correct TUPAC svsrematic name for the

cornpauitd shown on the vighi?

3, 3-dimethylnexane

Ly
By 35 t_L,ll. vihexane
? i

Quesdon 3
FHow many struchiial isomets, each conmzining oas double bond, have the molecular
Forrmnia Cali?

(A) 3 ®) 4 © 5 oy 6

Ouestion &
Which of the following Brdrocarhang does nor h.ﬂhmtz i the sume homolosous senies a3

fine orthers?

fleestion &
Tn o nomoelogous serfes:

() with the sddition of a carbon aiom, the molecular mass increases by 14,
£82) all compornds bave the same empivical Formmla,

(C}y with the sddidon o sl atom, theee hydrogen atoms are added.
(B3 2l alkancs HER O
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Oheestion §

What is the syaematc aame of this hydrocarhon?

(&) 34-dunethvlhesue {(B) 25 dicthvlbatane

{C} 2, 3-cihvl-methylpentune (D) 2,4-dimethytheptane

Ouestion 7

The srrgctoral toeeda on the vight sepresents @ componed. S

e . . - . i
Phe TUTPAL sysiemmalic name for s compound 1 oo L
{A) 35-dimethyl-3,5-hexenc.

{B) 2.4 direrhyl 1 3 Hxadwﬂe g 5
{€) Z-met] :
I

'—i_m th ’l 2,4 lelI"id e

Question 3
Which: of the following pairs of substances are NOT somers?

(A3 3-mcthylpentane asd hesane

(B} Z-methylpropene and hur-2ene

{Cy 3-methylzesune and 2,2 3-tometbylbumne
(DY Buranoie acid and 23-butancdicl

CQuestion 9
Whish of the following compounds has an ssomer?

(A3 CILOH, (B)
(Cy CHAOCHCH, D)

Coesvign 10
Which ot the followmg

€AY CaFloy By CH,

bvdrocarbons cowld Do an aliivne?

(€ Coilyg (D) Cabiyy

Cruesiiorn 11
Ll

[T

i 5 model of 4 amine compound.

The name of the amine s

(A} 3 b tylamine
{C) 2-medwlpropan-3-amine

T-methylpropan- L-amine
2 2-dimethylethan-1-araine




Cnestdon 12
Which of

(A

rodule 7. Organic

{H;

C=CH-Ci O,

Questicn 13

Which of the followdng atcohiols have been classified correethe?

Chemistry

B | i |
! i !
L CIL=C |
S
LGl QI CF;
Iy CH: CH

Names of alcoliols agd their classitication

51

_ Primary, 1°

Secondary, 2°

Tertiary, 3

(A} Propan-2-ol Buvan-2-ol Penrm-3-0l

By | Buan-2-o0l Tmethylpropan-J-ol | 2--1110&1‘1_\;-*1i:rropm:g_ 2-0l
(C) 2,2-dh }t[‘":’q-'l.pr_{:@';ttl—l—Ol i Butanc-1,4-diul Frhunol
(I Propan-1-ol | ent-3-0l 2 mhrh\lpmpm ol

Question 14

Which of the following hydrocarbons have the molecular Formmla Cs

T, Pentanoic acid

ir.

Pentair-3-ol

{A) T. Tl and 0

{Cy TV only

Ouestion 15

Vhat 1 the eorvect IUPAC sestematic fame for |

e,
&
]

5 '].Tlc.ti;J

.~
oo
e
Jouo S

Opoestion 16

TUTAC names for |

cetlyl-Zemcthidhersne

wherang

L
V.

Pentanal

A
)

(D) 11 and 1V

Pentan-3-one

LY andg TV

B o
A — £ —
- e

0?7

the compound shown belowr

toilowing compounds arc:
t . :

!

|

]

|
L CORCILCHCOOH i1
| N
{4y 1. 3-chloropronencic acld  and 1L Z-bromoproponoic acid
B L Lchlorobutanow acid and L 2-hromobutaneic acid
{Cy 1. 4-chlorobutanoic acid snd 1 2-hromobuotansic acid
(D3 L. 4-chiorobutansl and L. 3-bromobutanal
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Crucstion 17

The TUPAC systematic name for the u
cormpound whose stmciure is given here i |
Ho oo 3
(A} 3-iode-44 dimathyl-1-hexene.
(B} Z-erthyl-J-lodo-2-methyl-4-pentene. o B
(<) d-dimethyl-3 fodo-T-hexene. ; ! ;
(I 4-ethyl-3-iodo-d4-methyl-1 -peniene. e £ e - -
R !' RS S 4

I
i

Ciusetion 18
What is the correct i PAC name for the f slloraring compounds

{4} 2-fluoro-3-chlorobuiance ¥ oov ool oH
(B} 2-chloro-3-uorobutane |

(C)y 3 fuorn-2-chloroburanc H C—U—tC H
{13 3-chloro-2-flusrcbutans i|i I!T. I| B

[ROIS 2012 €)12)

Questien 13
What 1s the TUPAC name of the following compound?

(&) 1.2-dibromo-2-flucropropane o or

(B} 2.3-dibromo-2-fluoropropanc |

{C} 2-fluoro-2,3 dibromopropaune H—l—C— T —H

) 2-fluoro-1,2-dibe PFOPANC S

(Ir) noro-12-dibromopropan § oy
[BOSTLS 20k 4 O

Question 20
LFour compounds, W, X, Y and 2, are represenicd below. %hich of the following is a
| ] FIRA ) fim

pair of soners?

= |

’ B
. T B ) e ow H OB O ., I
Yriy | mywra PR kol
HH AR I FH H & h &

) W . < r
Compotnd W Compownd X Conapomrd % Componnd

(A Wand X
{C) Xand¥

(B} WandY
{I3N Y and 7.

[BOSTES 2014 Q9
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TR

O DELTILL T A
P L
R l_—'»-",.‘ Londy iy

32006 Q3)

PR

raestinn 2%
VWhar iz the 11

AT s o rbe flle

PRCIY N b

srino-i-cl oo

N I T,
_-Ccolore-l-arcmn-

favo-Z-hrommo-d

U L Ee U O 1,1 .," -t

{D! - srocthane

TS 2016 31

i laestion 24

o onare of oy
T
| i :
TR T SR QI U 1
Flacre | [ '
“_!Jr d-rmn‘ g o i =

rdrocariens

saiioi 25

e the following ¢

Slialery
“palingtion
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Cpuesiion 27
The jornmla for hydrocarhon X o1s C:Hg
he structural formula for hvdrocarbon X 1s:

B

: | N H H o
A) MGGt B P
@ S
e 1 H H H {:’.i“‘
79 s
3 i : =
(C) Heg D {m e
EL iil | [ \Li
i fa &

Ouesition 28
Which of these hydrocarbons belongs to the same group as hydrocarbon X i Q277

(A) CiHs B OHie (C) okl (£ Gt

Quesiion 29
Which of the tollowing hydrocarbony has @ higher boiling point than pentane?

1. peatl ene I, hex-l-ene
AL peni-2-yne V. Z-methylbutane
(A) T only (By TV only (C) Tonly (D) iland I

Questicn 30

‘I'he following tble contuins information about three cxperiments. In cach experiment
(1.1 ol of a hydrocarhon was burned completely and alf the enerpy teleased was used 1o
hear 250 mL of water which was inidally at 20°C.

fixperiment Hydrocarhon Mufar heat of combustion {kT nml“}-{m
| Methane -H89
11 Methanol =725
T 13 Butane —2874

In which expetiment(s) will the warer be heated to its boiling temperature?

(A) il only @) Land T {(C) T and T (T, and 1T
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¢ eokpound thiar oon

i onl

LOELGCE UL,

el and 2

celourless prodact Formed, '

von conmed

{©)

Ouesiion 32
Whick of rhe following hid

+

socatbens 18 infiniely miscille i awe

(A} Buran-2-of (B3 Libanol {C) Lihylene (B3 Ocnane

Duestion 33
The appraowimais

m

I -1 bond angle in methane is

(A} 101.4° (R} 109.3° (Cy 117.3 {5y R0
yuestion 34

The approtipats |

(A} 101.4° By 1095° {0y 1075 50y,

s angle i bai-? roe 15

dornoriae el A
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Ouestion 36
Homelogous series of organic compounds share commaon characteristics; mcluding:

(A} the intermolecular forces in the series arc the same.
(B} similar chemical propertics.

{C) contain the same funictions) gronp,

{12} all of the ahove.

Ouesiion 37
T.ow boiling point liquid hydrecarbons are often classified as belng volatile. " his means
theat:

(A) they canigmte, even without an lgnitfon source.

(B} they can casily change te 4 gay at normal Lemperamure.

(£ their prodacrs of combuston are toxic.

(L) they all give out the same amount of enerpy when combusted.

Quesiion 38
Sufety procedures for the safe handling of organic privnces should include:

(A} wearing full breathing apparatus.

(B) havc a safety plan in case of any mishap.

{C} hosing any spilt product to sewage.

(D} working only in cool condidons w ensure low fammalility limies.

7.3 Products of reactions involving hydrocarbons

Question 3%

Which compound can form when bromine water reacts with but-2-cne?
(A) t-bromobutane (B} 2 kromaobulanc

(C) 1,1-dibromobutane (D) 2.3 dibtomobutanc

Question 40
A alkene nndergoes an addidon reaction with HCL Only one product is formed. The
alkene could be

Ay CILCH=CHOH:, (B) CHCHCH=CIY,
(C) (CHC=Cil, (D) CHACH=CH,,

Queston 41
How many isomers can be formed by the halogenation of CHsCHAHCH; with £ in
the presence of light?

{A) 2 )y 4 (C) 5 {0y 6
Oestion 42

A studeni performy two tests on an organic compound. Tn the first test, 2 mol of the
compound was complelely reacted with oxygen and 6 mol of carbon dioxide were
produced. 1n the second test, a fow drops of bromine water were added o the
compound. The compound did net react rapidly with bromine. ‘1'he Tormula of the
compound is likely to be:
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Chacetion 43
Name che com

-

uad formed when the hrdrocarhon elow e iT1ine

WTEL

{AY 1 2-dibromo-1.2-dierhletbane
B} Hbromone
{C}y 3

(1% 3 d-dibroirey Bonevens

{aestion 44

When propene wsdergoes e addidon e

forened.

Which of ihe following allenes will also produce only Seo products when it undercoes
an addition reacdon?

(A} Fihene {(B) Bur-l-ene

(C) Bul-Z-cue (1} [leg-3-2ne

Guestion 45
Hvdrocarbon X, when reacred with concentraied sulfuric acid, prodaces a compsonnd

that decolowrizes broming watcr. What i3 the formuds of hydrocarhon 27

(&) ColLy By 4. (C) CubinOA (M CliCOO0H

£3uestion 46
sadinen, when chlorine reacts with mmerhane. HOWA

'

Under certain

peaciion s clasaficd ag a/an:
(A} addition. (B} svhstitution.
{€) displacament, () neutraifeation,

Question 47
An olkene has the molecular fovmuls CsHpe YWhen it i reacted with Inde

gen in the

presence of a camlyst, 2-merbviborne fe formed. Which one of rhe following cowld not

be ithe struciure of the alkeney

(1)

() (D)




58 Cambridge Checkpointe Chamistry

Question 48

Which of the following hydrocarbons would change blue litrmus red and iberaec gas
= L) =3

when added to a carbonatc?

fA) ethanol By hexane {7y acetic acid {13} cyclohexanc

Truesdon 4%
Hryclration of an alkyne with suitable catalyst will produce:

{A) an alechol, which rapidly becomes a ketone.
(B) an aldehyde.

(C) a polviner,

(12} = stable alcohol.

{luestion 50
Which tow of the tuble correctly matches the reactant and the product of an addition
reacrion?

#.
oy
S

[BOSTLS 2014 Q5]

(pvegiicn 3)
The table s some properties of the straight-chained catbon corpounds W, X, ¥

and 2. Which row of the foilowing table best ideniifies the compounds WX, Y and 7r

Foacehrity in bromdne

Rapidly decolouriscs

: Unyeacn

: Unreacti ve soluble
I { Unreactive Pazily soluble
= ! 3 ”__ i I 5
{A) CsHe C}-{ .-[-‘\ CHOH oy
(B9 Cifs O M, CILOH - CHOH |
(<) Gl 5T CaHVOL
(D} M 1 GHy CALCI

[POSTES 2016 Q15]
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Ouesiion 52

The hale

1.

Hiie will produce:

el WL

)
o)

D s ShOWw.
Moand Y i the absence of UV Lghn

il changes i rcsi twbes ¥ and Y2

A 2T QT

Druesticd ,,I
__.JLP. athanol, oH

1‘F‘Lt':‘.'i1.’-.1_1101 g

LOHQ + 3040

~726 kY ool

el of meilnal

plete connbigiion, Iil Ll‘-_csc ct;'pf._rnw:m ta
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£uestion 55
Which onc of the following resctions mvolrng ethanol is a debyvdration reaction?

(A CHiOsng) — 2CH.Ol [{ag) + 2C0u(g
(B) CULOI 1 509 — 20005 + FFLO0
(C) CHOHG = Call(9) + LG

(D) CoHOU + O - 2CHCOOIIE) 1 HaGiy)

Question 5
Many compounds can be used as fuels, The heat of combustion, in k3 ¢, for fous
compounds are given in e tble befow.

. -.:f;":EFC'.f. Heat of C().F}'.i’b-'._!.f;';“;f_.iﬂ.f.:.k}- _ "
Fihanol 297
Petrol (OCLa.nc)_m _. 17.9
Butanc N 495
Propane ) 513 :

Tdentify the fucl whose heat of combustion is 2876 k] maol™.

{A) Fthunol (B} Peuol (C) Butane (D} Propate

Question 57
The reversible reaction ro form cthanol from cthylene is represented:
CoHalg + HO(9) = CalleOfg); AH = -45 &J /mol

Tdenify the INCORRLCT statement.

(&} "I'he highest vield of cthancl is achieved at low temperaiure,

{B) The dehydration of ethanol is an endothermic reaction.

{ :

{C) "I'he highest vield of cthanol is achieved when excess T1:0(g) is preseal in the
tedction vessel.

(D) Sulturic acid acts as a catalyst tor both the backward aad forward resctions,

{Juesiion 58

Using a suitable catalyst, cthanol can be dehydrated to produce cthylene. Similaily,
cihylene will undergo an addion reaction o form cthanol. These reactions are shown in
the equatons below.

cthaiwl ethvlene

L, satasvst § .
ethylene o g cihand

Thic best cxamples of curalvst T and catalyst 1T are

Catalyse f Catalyst 17T
Ay | Dilure HCGI Concentrared HCI
(B) Dilutc FL,SO. Dilute L1850,
(C) ' Concentrared HoSO. © Dilute HCI
)] T t-o ncentraicd | LSO. (_:(_}I.'-I::-.;WHIT‘EJ,LCL:{ TLPO,
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&

Dpuestion 59
To delcim
i-boranol as

e (he v ol comibaten

adent nsed the

Al

appa

shear,

wal the molar heat of combustion of -butaned is 13530 kKT mal’

The studesny calenlaics
the Fngl remneraiice of the sret messured b ¥ the srudentr

(A) 24.7° By 28.1°C {Cy 37.2°¢ (I} 45.4°0C

ey
Tz

=
%

Cyuestion U

Lsing o dats wabie, & stident finds dhat the heat of comiyustion of 1-propanot is
2021 K ol LG
propanol i kf g7

{A) 23.0 (B) 27.3 (C) 33.7 D) 3.9

Vhat walue would the smadent calewlare for the hear of combustion of 1-

Guesiion 61
Which af the frlawnng s & oalanced equation representing the fermenmation of glucose?

{A) {‘..‘-T—T-_-zi)z,f"__"
{BY T 0l

» F5H: (‘H"Lq\ A0
SO letegy (\D g — SOk 1 6HLO00)
el "'c,;'/: - 3+ J((J_w{fﬂ -

(C) CAL

IBOS 2012 Q5]

Cresiion 62
Te determing the heat of combustion of
methanol, & siudeni used (ie apparaius showel,

sre ohbained.

The following remilis

’T'{-‘:mpc:f:zm.lte of water at the f:n_u; r’('ﬁ

Lo dhis dala, die stodent calowlaics the molar heat of combustion of s

(A) 446 L moi”  (B) 3351 mol”  (C) 574k} mel™ (D) 21401 mol
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Question 53
"I'he heat of combustion of propan-1-01 15 2021 k] mol . Combustion iakes place
according 0o the equation

20O + 9008 — 600 + SHAO A
Whart rass of water ks formed when 1539 k] of energy is released?

(A) 3d g ®y l4g {C) 55¢ () 144 ¢
[BOS 2012 (17

Cruesiion 64
Butari-1-0f butris in oxygen accotding o the tollowing eaquakion.

CoHOLIE + 60ug) — 4000 + 51,00

 How many moles of COwwould form i two maoles of butan-1-ol were burist in excess

CRyEEnT

(A 2 By 4 (T} 8 (D 10 _
|BOS 2013 Q4

(raestion 65
Anr experimenral car using ethunol as a fuel source requires 2270 k] of energy lor every
kilometier travelled. Clven that the heat of combustion of ethanol is 1360 k| mol™, what
is the maximun distance that the car can travel on L0 kilogram of cthanol?
(A) 1.7 km (B} 13 km {C) 28 km () 36 km

[BOSTES 2014 (19

Question 66
The table helow shows the heat of combusnion for four compounds,

:_"__ Campoéé;_}é_ :_T _He’iz 01"6‘;}}3.5!.1335'03‘} {kJ mol™}
o ! S
CHy 890

""" (_:T—T: - R _1300
CoHe 1560

Which of these compounds wouald produce the grearesr amount of enerey if 1,00z of cach
is barrnr?
(8) CO (B) CH, (Cy (oH, (D) CH,

3OS 200 3 QN

OQuestion 67
Which of the following statements best cxplaing the solubility of cthanol in octane?
£AY Lithunol and octane are both non polat.
(B) Fthanol forms hydrogen bonds with octance.
(€} Fithanal {forms dispersion {orecs with ocranc,
{13} Lihunot forms dipote dipole bonds with octane,
[BOSTES 2015 (38
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Cruesiion 8

The mabie sha

Feomnbesiion oF

Nember of U aivans o storiohi chain
=
affeanad

of el 1 dntled be he

comirstton of T g orf keran-T-ol?

(A) (032 L By 0.044 by () 0261

Cimestior: &9

ae O carbor diosdicis

S produced i 1.3 g oof ghieose i fetmented o1 2570

(B] 147L (C) 257 L

Queation 70
Whick of the following diagrams bess represciuts (e bonding between moeleoules of
water and cthanol?

o i M I
: I
. i :
Ay . P By i ’
; i B
ot B ! TR i
l . e
i 1 ; bor
PRI
{5 @ <
i
£ B ;
o | ! : 5
i | v
! ol i
!
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Question 71
The following equipmennt was set up to measure the heat of combustion of an alkanol.

Black deposits were observed on the bottom of the conical fluask and the hear of
combustion mcasured was lower than the cheoredeal value, Which of the following
equatiens could account for these observalions?

(A) 20:H{g + 7TCalg) — 4004 - 6110

(B Csld00) +4050 -+ COulg + CO + 4H,008
(C} 2056008 + 302(g — SO + 2Ha{g + 8H0()
() 20:HeO0 + 40:(0) — 2005 + 2000 -+ 6H.00)

INLISA 2017 (9)
7.5 Reactions of organic acids and hases

tIuestion 72

A hvdrocarbon containtng the elements carbon, hvdrogen, and oxypen, has the Dllowing
chemical properlics:

i) neutral to linnns AND i) when reacted with acidificd 1KMnC), the new product
turned Livmus red. The hydrocarbon could be:

(A} propane. (B} Zpropmol.  {C) 1-propanal (D} propanoic
acid.

Cuestion 73
Propan-1-ol can be rcacted with propanoic acid o produce propyl propanoate. This type
of reaction s best classified as:

(A} condensation. (BB} hivdrolysis. {C} acid/huxe. (DY oxdatton.
Question 74

I'o produce eihyl pentancale e compounds that should be reacted together are:
(&) cthanol and hexaooic acid. (B) ethanol and pentanole acid.

(€Y penran-1-ol and ethanoic acid. (1) pensane and ethanodc acid.
Cueston 75

A compound has dhe siruclure shown au right.

Hydrolysis of this compound would produce: Iy

(A) botan-1-ol and propancic acd.
(B} propan-1-cl and buranoic add.
(C) propan-1-ol and 2-methyiburaneic acid.
(33} bulan-2-ol snd propancte acd.
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Quostion 76
Sodiuin tacryl svl :
propertes. This Surfaciant INses i watar 10 o

AV TRl s

ooy fon

e Goilewdng best desoriizes the olass of surkacranie iz belongs oy

(A Aninnic (B Catome (Cy Nop-ionic o Araphotcric

ot 7T

Quesiio

Which o3 e

fing molecnles slhows an anionic surhictani?

etz

R S s |

ol

Quecsdon 78

What are the reactants wscd (o make this compound

(A) Butan-t-ol and buranoic acid (B) Butan-1-ol and propancic acid
(C} Propan-T-ol and butaneic agid (I VPropan-1-ol and propanoic acid

BOSTES 205 QY

(Question 79
Comsider the following seties of rcacuons.

Which roww In the fable below coprectly id=nrifies compo

Loznpaw}d l

Ethanol
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Question 30
Fisterification can be carried out in 2 school laboratory using the equipment shown.

= Wt vl

LS T

Yeawer i

Eunsen dienar

Florar conld the safery of the process shown be improved?

(&} Place 2 stopper on top of the condenser.
(B} Add concenirared sulfuric acid o the flask.
(T} Change the divecrion of water flow through the condenser,
{13} Replace the Bunsen burner with an elecrric heating mantie.
NESA 2017 Q4]

7.6 Polymers

Queston §1

Polypropens is made by the polymesisation of propens, ClLCH=CH; One sample of this
potymer is found to have a molar mass of approximarely 1.05 x 1iF & m ol

The number of carbon atoms in one maolecule of this polymer would be closest ro

(&) 2500 (8) 2900 (C) 7500 (D) 8750
Question 32

Perspex 15 4 hard, transparent plastic made by polymerisadon of methyl methacrylate. A
section of the polymer is shown.

What 15 the molecolar formuola of the monomer from which this polymer is made?

(A) CHO: By G0, ) CIL (0 CIL0,
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Questddon 83
Frhvlene may be conwernsd 00 1

shirwil 0 the sequonce beloey,

Srep A |
. . ™ . ’ N -
IR ' !_:‘.’:\E}'ﬂ_'ltd__[s-. ]

ycensa

Reductinm

Substilaticn Polvine

Added

Fimination

Duestion 84

Eihy !

ene i3 2 very importatt indusiial chemical. The most iripotant Wi

eilylene is:

(A} cthanol {8 orude oil () chloroetianc. {3y polyethylene,
Question 85

Acrylic acid, CHa=
polymerisation it vndergoes and a section of the resulting polvimicr would be:

CHCOOH, can be polymerised fo wake aceylic resing. The type of

Type of reaction Section of polymer

{4y | Condensation

) i

! |
(B) Condensation :
(C) . Addiden et 0 e

() Addicon
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Question 86
Polyeinyl acetate is » component of PVA glue, Polyviny! acetate is made from vinyl
ACETALC.

= O,

VirR L aceinie

‘the structure of the polymer is most likely to be:

it

i
I O

OOOCH, DGOTE ORI

)

Question 87

Which of the following Is the monomer used In the manufacture of the polymer,
polyviny chloride FVO)P

(A4} Carbon tetrachloride (B} Chloroformn
(C} Chiotoethane (D) Chloroethene

Chuestion 88

Lacric acid, CHLCLOHCOOM, can be potvmerised o form polvlaciic acid (PT.AY. In
one cxperimant the polymer chains had an average of 1000 monomer unirs per polymer
chuin, The approximare molar rass, in gmol’, of the polymer was

(B) 51 000, (B} 72000, (Cy 81 000. {50 000.

Ouestion 49
When a condensaton polvmer iy formed, the other product is often:

{A) water, {B hydrogen. {C} oxygun. (D} chlorine.
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Oueston 90
Cellnloze can he converted inte cthylene by the {o

AL,

The sieps in this process are best described as

Questinn 97
The pelymer PRI (pol
auality horles anc !

shown helov.

» proglace s polvmer are

Mosomier |

(A)

stinm. S8

Syn therio bi

Mare I tns 1
LY, yared £ COrran

s oake them more wsehl

{4) their physi
: o dowi ineo stimpler moleenles.
them more wscful.

{8 ¢
(<
(D% 1l

e chiesper to produce,

Question 23

3
W

eeenied by X i the £
{B) Frhanol () Grhacose
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Cruestion 54
A portion of a restn made from aceylic acld {CLi=CHUCOOH) iy shown,

Which type of reaction results In the formnation of this polymer?

&y Addiden (Y Condensation  {C) Dchydration {fI)  Hsretification
LBOS 2013 QY]

Cueston 95

Which row of the table cortectly maiches the reactant and the product of an wdditon

el n

Benctant Prolacs
(ﬁ) CHiCH—CH U Ha—00EL CH—CHa—CH=CH.

CEL=CE- CH=0TT CTT:

H,

R,

BOSIES 2011 Q3]

iucstion 96
What is the siructure of the polvmer most likely 10 have been vsed
1 the manulacture of the cup shownr

(4)

(B}

JBOS 2013 Q13)
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ssation polrmner thar couid e § fromi the

Ouesiion 98

Below is 4 reprereniarion of a segment of the polymer aylon ,6.

f{ 1 o
o vy 1 HoO

. ]

{4

(B

(€

(B

[BOSTLS 2014 36

Duestion 5%

abie corre

h row ¢

VY

for its suirabilivy for thod applications?

Adpplicasen i
{Ad Shoo

(B | __ Shopping pags
{€3) Auewdriver handle

(13} Serewsdniver handls
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Queation 100
A polrmer has the follawing structure.

Hy OB OH OCHH OWOH CH H
L T e T
neenncfons € -..M.C.--“C SRR ISRTTT R S U IRCIRT o)
S R N

=i

SERATN ¢ Aol R O s T30 T I

Which of the following represents the monemer from which this pobnner can be
producedr

— _ -
HCoe O O o OH, U S
(A) 3 i i, {R) 131 ---*E__ = é:, - fj - 0,
HoH Bow§
H N
| \ A T o ]
(T} e Lo G O (I S T
| CH, 1 i R |

[BOSTLS 2016 Q17]
Question 101

What 15 the product when propenc unidergocs addition polymerisation?

1
H H #®H o H H
| | | i | |
{A) —C¢C C-C—0C—-—0C- ¢ —
! | | : i |
H H H © H H
H CH, U 4 § ¢H,
o L
{B) —C—-—¢C—C —-C~- ¢ — ¢ —
| ! | | | 1
B H W OE u oI
0B " H L I
. ! ! | |
() — D=0 =0 -0 == —
H H
OO0, B 0H, ¥ CH,
i | | | .! I
() — =0 — e O — = —
|
; H H

INESA 2017 Q12]
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Free-response guestions
7.4 Nomenclatere

Craesrien 1

o1 a compound of notecular formala (SHD (har contaiing

Cuestion 2
Asanple o
table belonw.

O
SRdI DT

: Foapna el ]
Patane ; Cob
D eane CiHu
Benzenc (D
Ierh y] hesana C.lF
Trimethylpentne CaHis
. CabTis

(1) Two of the idenrified compou nds ace somers, Name the wwo compounds aved
caplain your choice. 2 aris]

() Onc of the sbove compounds is NOT an alkane. Tdentdly this coimpowm ot and give a

|

regsni for Foue choiec, i:" L

{€y When these componnds buen in an engine, the products are catbon diowide wnd
water. Wrlle o balanced equation for the combustion of metaylhesane. 2 rnarls)
Plonal = 6 merles]

Cueston 3

Allvenes cai

{2} What homolugnus semes dees compoand B belong toF

(hy Cempound C helongs to the same homologous series as compound B
T
I

Jravr & possible stracture for compound C. |}l
[Totel = 2 narks;
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Cluestion 4
Druw the stcuchieal (ormula and give the sysrematic name for the isomer of heptane with
the most side chain branching.

) |2 marks|

Cruestion §
Drrawe and name an isomer of 2-amino-2-m ethylburane,
{2 marks]

7.2 Hydrocarbons

Question 6
Jutline one physical and one chemical properry that differs for ethunoic acid and methyl
cilhanoaie,
{2 macls)

Oesiion 7
Lithanoic acid and methysl merhanoate both have the molecalar fommula ST, Which
cotpound would be expecred to have the higher boiling puint? Bxplain your choice.

(2 1narks|
Question §
The following compounds have vimilar molecular weights
{1) CH,CH=0O 2y CILGOH, (3) (-HsOIll 4y CH:CILCH;

Tdentify the comypsound with the highest boiling point and explain the reason /s for this
choice.
[2 marks]

CQuestion 9
Which of the followiog compounds would you cxpect 1o have the higher boiling poine
Give reasons {or your answer.

[2 marks)

H H H
TR

MOH OHH ;l; N ;';
Sttmne, (kg proane, OiHg

Cruestion 10
Tdentify and explain the trend in bofling points as carbon chain length increases in
alkanes and alkenes.

12 matks)

Question 1t
Erhanol is related to ethenc. Compate the physical properties of both substances at
standard conditions and account for any differences observed.

’ {3 mmarks)
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Epreation 12

LU v R,

this st
101 el "iif,(" Tuile

L il

ﬂueq—:?-’ i 13
e Foflows

hestste, 2,2-dimedhvlbaane ¢

P IR I,
thy poiikan

n i asecnding crder and give feasons e

Place SO BTSN

Chaestion 14

Tarcemion

-1k s of substances.

e pluy i impostand role fa dercrmining the properire

aie nfivenced by intermolecular foeces and name

Mame at least three properties which

of the major mterme b fovces are actig on cach of these

ieul propertes,
I3 rarks!

Quesiion 15

A studenr creared the following models o
demonsrate 2 chomical process.

seing modelledr

(b Why are models s e vseinl?
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Guestion 16
‘Ihe boiting points and molar masses of three compounds are shown in the table.

| Cormpountd Boiling padar °C U Maobar mass, g'/ maol
~Acetic acid 3 118 60

Butan-1-0l 1 117 _ 74
| Buigl acerare 116 _ 16 B

Acete acld, butan-1-o and butyl acetate have very different molar enasscs but simjlar
builing poinss. Fxplain why in terms of the structure and bonding of the three
compmnds,

[N ESA 2017 £327; 5 marks)

7.3 Products of reactions invelving hydeocarbons
Cuestian 17

Bthene, Colly, is an impottan: sarting material for the production of rnany materials. For
csatnple, i can be converied into ethanol, CaH.OH,

cataly st
GG T O o CHGOH(
a) What ts the name given 1o this mpe of reactions T toark
& ¥

(b} Give two more examples of reactions of cthene. In each case, inchude an equation in
YOUL ANSWCL.

[# tmates)
[Lutal = 5 marks]

Question 18
Alleanes and alkenes are two important dasses of organic compounds,

(2} Desciibe the difference in structure hetween alkanes and alkcnes.
|2 marks]
{f} Describe the experiments you could carry out 10 distinguish between an alkane and
an alkene. Include in your description any potenial hazards and how they may be
avolded, [3 vnarks|
[loral = 5 marks]

Questign 19
Propens, UsHg, and cthene, Ty, are used to make a wide run ge of matetials,

(a} Draw ihe structures of ethene and propenc. [2 marks]

{h) Borh propene and cthete can be made from hutane, Coldg, in reacdons that involve
breaking one of the carbon o cubon bonds of hutane, Tn cach case the alkene and
ore othet product are formed. Give sepacere, balaneed equations showiig how
butane can be converted into these two alkenes. [2 marks]

(=} Tn the presence of 4 saitable catalyst propene will react to produce 4 polymer. {3ive
an equation for this process and draw the structure of the product. [2 matks|

{d} When propenc undergoes a reaction with Hbw two procucts are possible. Draw the
struciures of these rwo products. [22 marks]
[Torl = & marks|
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Cuestion 2
Hredeocariwr A, molac
foemmeta T a0

=t forn B, molen

o, s win solecular fornmin OOl

{ay Stare the systzon ral formulae of sebstances &, B and €.

iy rove isemers of substance A and siate (heic crpatic naines and sirociaral

(k)

forinulae.

= Emiarks

OL!L.&.*UH*L 41
1o CaHeDabos the fotlomns

chenics] properties:

s Te sobabl= in warer

sulfuric acid fo fow 4 sween simellio

vand the reasci ot reaching chis answer,
R

d J-mcthyl-Z-peniana!, ave n £

{a) Show the strctural {ormulae for the two alonhols. . |2 mizrhs

(b) Cutinc and aive the reaults of o chemical test ro distnguish benween these two
aicohals, [ roasles]
“loial = 4 muiles]

7.4 Alecohicls

Facsiinn 23
{a) Prop

21t Witte a balanczd chomicsl
waiiodn fov this reaction, o

1ol will undetgs complere combusilen in

\“"f

(%) Caleulate tac
of prr_)pu;‘:—‘i_—eji e

t dltlwlf‘ apocuced ae 2570 & 100 P2 when 850 2

Question 24

A student dereraines fhe hear of combistion of
roeths -ﬂ’h { I;u )“4 1i%E
SO0 o L of ]

Kzhy iha AT UG shoiwn.

: d i e meral ca

s measueed before and a
"
1

wnch burner, Hhe burier is
‘

e anc after heatin 10 Ll AR

ore oo bastion,

@ mass oF l;um’r and methanol after combusiion, ¢ = 343524
® ater in can befors hoalng, °0 =143
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{a} Why was a meial can used rather than 2 glass container? 11 merk]
{b) Llow many mol of methancl was butne? |2 marks]

(e} Calculate the heat given to the water in the can if the specific heat of water is
498 )°C g and ity density is 1.0 g w7 [1 marl:]

() From parts (I3} and (<} above, ealculale the heat of combustion of methanol
i1 k] mel™. [ mass|

{€} The accepted value {or the heat of combustion of methanol is 725 kf mol .
Suggest two reasuns why the value determined in part (d) is diffecent from
ihis value, |2 marks]
IToral = 7 macks]

Cmestion 25
A camiper uses methylated spirits, which is mostly (LIT:01, as 2 source of energy to boll
his drinking water,

{2} Witte a halanced equation for the reaction of erhylated spirits with CAVEELL
|1 tmark]
(b} It 1 mol of methylared spitits teleases 1364 kf wheo it is completely burnt in excess
oxygen, calculate the amount of energy released when 1.0 g of methylated spirits is
burnt. |1 matk]
{c} A cumnping stuve that uses merhylated spirits as its fuel hears 2 small keitle
containing 950 mL of water ai 12°C. What mass of methivlaied spirirs ovast be burnt
to heat the water o its normal boiling temperature? Assume that 4.2 1 will raise the
lemperature of T.0OO mL of water by 1.00°C and that only 40% of the encrgy
provided by rhe combustion of the methvlated spirits is nyed ro heat the water.
[4 marks]
[lotal = 6 marks)

Qacstion 26
There are four possible isomers of aleohol CI1 O, Doy the sirucrusal formulae of the
foar Isormers.

4 marks)

{aesdon 27

Fihanol, CILGH, s used in many parts of the world as an alternative transport fuel to
hvdrocarbons, such as petrel. The table shows some of the properiics of these two fuels.
! Froperty ) | . Efana! ) U Fewral T
Searces Fermentation of . Diistillation {’&a.ckjng of
) carbobydeates crude oil |
Boiling icmperaiure (70 TE3 27 — 240
Flash point {°C) +13 43
Fnetgy of combustion (k) g™ 29,7 A6.0)
Cotane iumber : 113 : 91 - 97
Fncrgy densicy (W) L7 234 | 340

Use these data w assess the suitability of cthanol 4s » ansport foel,
y P
|5 marks]
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(2 nes T‘ Yk 2@‘

font)
o3

Toe hears of conzbiadon of oow
respectively

fe}  Foreach fuel, caloulare the d Feom the complste

combusion of 3 5300 L of the

(d}  For each foel, ¢

st ]

1lare 1

forrasd when 1000 4] of eas

il
atal = 10 wnarks]

Q?ieﬁic‘;u 25
A aindent srodied the mass chang:

s that nccored dulng the ferments
Ie, the neck of which contaimed
ot euch of e cight days arc

1on1 of glucoss for

. Crhacoss, vease and wrares weee added to ot
some cothon swonl, The mass of the ask and conrens
recorded in the table below.

By | Mass of fask + contenis (g) | _i’)ayv " Mass of ¢ fi’?sﬁ - conrents (g fﬁ
] CpLe 5 412, B
a8 6 41190 o
416,05 o 7 4L B
415,59 ' B

i

ey balanced equutinn for the fermentatdon of ghucose |5 marls;

Fai

te the meal amonni of O, in modes, released during this experiment,

=

1 mils]

O S F‘ [t el ST

(e}

Mol =4 '114“[5

1 mack]

Ll o ger ree Aiffcrent products fiom e owndaron of ethanel

1xis

the by

s coualiong for the i proc

2 different prudoer by chiangiag the condivons,

s pric hisduer
sonidless of

Name vhe neoduct and exp

(¢} B

f.,nl_),-' o produet 15 prodie

= conditions.
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Question 32
The fiest theec alcohols are solable in water, butanol and pentano] are elightly soluble and
the rest are insohuble,

ay Fxplain he solubiliny of this group of compounds. 1 tnark
X 3 group [
{b} Lzplain the decline in solubility with the increasing numbers of carbon atom.

[2 miaeks
fTomd = 3 marks]

Cruestion 33

A spirit burner conlaining ethanol was used o heat water in 2 conical Mask for three
mimutes (o nieasure the molar heat of combustion of ethanaol. The results from the
investigation are shown,

[ Fémemin 0 [ 05 [ 15 [ 20 | 25 | 30 | 55 | 45 [ 30
Tomperstce | 485 | 205 1 250 | 270 | 205

. , -
| ot maren, o 30 | 305 ! 285 | 275

{a}  On the grid, dewer 2 line graph 1o represent the data convained in the rble.
[3 marks]

(5} The following values were also
recorded during the Irrvestigalion:
Tnitial mass of spivit burner
= 236,14 g
Final mass of spitit Lurner
= 23350g
Calculared experimental molar heat
of combustion of ethanol
= 827 K mel .

Using information feom pare {a) and the above values, derermine the mass of water that
was 1 the conical flaslk. [3 muarks|
[BOSTES 2016 Q25 6 marks]

Ohacstion 34
Petroleum and sugar canc are both raw materials used for the production of etharol.

(83 Construcr separare flow diagrans for the production of ethanol {rom each caw

material.
petroleumn —=
SUZAY CALIE oo ¥ |5 marks]

(b} Compare (he environmental sustainability of producing ethanol from these two raw
marcrials. |3 marks]
[BBOE 202 0026; Toral = 8 muarks|
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Guesdon 35
The boliar potnts oF some alwanols aie given i the table.

n;-

Slcaned Baoilinge F”uzf §7L

IL[JUQ—I wl

fay Tlsdng the data provided, constract a graply that shows the relationship her
carbog chain lenoth and bolling pomn

(b} Using the geaph, fthe bodling point of buttn-1-0l,

(e} What is the mncnmclecular {oree respansible for the rrend showm in the ¢

|'1 ok

i ' olal = 5 k]

[BOS 2017

Cuestion 36

Y 0.259 g satnple of sthanel is burni o raise the rermperanire of T20 g of sn oily Gguid. as

e

Jm sm in the graph. There 1s no loss of heat to ihe surroundings,

i fhommnaimans ‘/

Using the Informaiion shows

an the grapl, caleulare the specific heat capa
"Lf].fJ].I. 1367 K mol™,

¢ of the oily

licarid, Fhe hest of combustnn of
BOS 201 €27 4 el
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{estion 37

A student performed a first-hand investigation o determine
the quantrative relationship between heat of combustion and
melecular mass of allkanols. The stideal did this by burmng
diffeserit alkatiols ro heat warer as shown in the diagram,

e caleulated hests of combustion for four of the alkanols
are given in the table below.

_ ) ) Calcalaiod bear of Theoreiical heat
. . Molecilar miasy . , o .
A feanni (g mol) ceinbsstics of cosndnistion
g 7 maliy (T mok
i Miethanol 32 15 T2
Elthianol 46 950 1367
Propan-1-ol G 1500 ! 20021
Butan-1-0l 74 2250 -' 2676
{#} On the graph paper, graph both the calculaled and the theoretcal heat of
combusiion against the molecular muss of the alkanols, [3 roarks]
{b) Liscuss the validity of the student’s tinvestigation. |5 moacks)|

[BOSITS 2011 G22: Toral = 6 muatks)

Queston 38
With reference to the underlying chemistry and with relevant equations, assess the
impacts on soclety of TWO uses of ethanol.

[RONVES 2004 Q31 7 marks]

Cuestion 39
I recent years many scicnific rescarch groups have invesogated biopolymers. Tn terms
of theit likely impact on socieiy and the environment discuss why b_i6[)013r111crs have
atiracted this Intcrest.

[4 marks]

Oiesion A0
{n) Chatline TWO advantages and 1O disadvantages of using cthanel as an aiternative
tael for motor vehicles [4 mazks]

The molar heat of combusdon (811 for elhanol is 1360 k! mol™, Calculare the
etieigy generated per ky of (0 relewsed by the combustion of ethancl, [3 rinrks]
INELSA 2017 28; Tom] = 7 marks)

—
o
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Cuesilon 46
a} Describe the chemical namre of a typical fat/oil which may be used in the soan
‘ ¥ ¥ ¥ ]
maling process. [t mark]
b} Wiriic an equation to show the saponification of a typical fat. 12 marks]
| } £ i
[Teral = 3 rearles|

Question 47
The diagram shows a sequence of steps in the removal of grease from a surface. Fixplain
the process shown i these sieps.

[BOS 2003 Q322 3 1ovurks)

Ouestion 48
A first-hand investigation to produce an esicr is to he cartied oui ln a school luboratory,
using an alkanol, an alkanocic acid and a suitable catalyst,

(a) ™Name an csier that could be produced in a school laboraiory. [1 maclk]

(b} Describe how potential hazards associated with e three chemicals reguired for this

investigation could be addressed, [3 macles]
{BOSTES 2014 Q26; Torul = 6 marks]

Question 49
This apparatus was setup o produce methyl
butanoate,

(2} Tdentify a safery issuc in this cxperimenr. 11 mark]

{b} Using structural formuldae, write the equation for the production of methyt
butancarc, |2 marks|

() Justify the use of apparatus X in this cxperimer. 2 miarks
LT ¥ PP f
IBOSTES 2016 Q22 Total = 3 marks]
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Cuesiion 5

on ailvals pave the following perceniage

Compesitio:

i

! Eloment Porceniage coriposition,

sich B0 an

¢ gave 4 compoud, B, which was readily oyl

{a3 Coonstract s flow cha! for the productisn of C, showing all the addicves in the
progess.

[5 erarkes]
(1 Nanwe A, B, and £ |3 el
[Toral = 2 tsides)

7.6 Polvmers

Cruestion 51
Fill in the talle below,

: Moscuners Polpmers

. Corrnen Ca . . ' .
o D BVRECTIIANC DA Mapee Properties Elep
Marre .

| Lithylene LDPE

' '\ Ll

'} chioride
|

E

TR

! |

|4 marks’

Quesiion 52

Using full structusad formulae, show the monomer units for viny] chlorde and sty
and demenstra the formanon of thelr respective polymers showing at least thios
fonmMner unlts i the polymer chain.

Tene

[# macks]

Cuestion b3
gplain why dord biove the cdhlorine and ben

LCOLC Sk o the nature
of the polvmes in fooms of its propertdes ard nses,

de chatn sipnifican

|2 i
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Onestion 54
Answer these questions in relaiion Lo the diagram. bclow,

{x} Tdentity the type of polymer and list some everyday pelviner which has this
structure. [2 marks]

(b} Describe the relationship between the structure, properties and use of dus plastic.
I3 marks]

; Fi P2 — P5
8
Bl g

5.8
: - : - e f S VS
[Ee? T4 t}g' B
g
e
N S s aane %os J,gaw*"“&

| aopeobees -

PR

L —_

fTutal = 5 marks)

Question 55
Lach of the propertes below alfects the natare ol the pelvmer, For gach, explain its
significance i the polymet.

{a} Lengh of chain

{b) Chan arrangetment,

) 1legiee of branching

(d) Cross linking between polymer chains
(e} Toclusion of additivey

[5 marlks]

uestion 56
{ay Thc monomer vinyl chloride, CIL=CHZI, is used to make the polymer polyviny
chlouide by passing it over a catalyst,

@} Draw a pariial struchoe of polyvingl chicride by shewing how three monomer

units wonld be lnked together in the polymet. 12 mas|
(it} What name is given o the reaction undergene by the vinyl chlovide? [1 mark]

{) The diagrain below represents a simall section of a co-polymer, that is, a polymer
inade from more than one monomner.,

Ayt CHACH OO -CH.
l - !
ez i
(S0 F-3 LSS
Drrave the structures of the monomers from which this polvmer is made. 15 mazks]

[Loual = 6 marks]
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Fraestion 57
flc is the mcimmer vsed o make polacroho

sorocmiza of the

Scivlo

mcioimer 18 sherer helow,

mon” Bheee, wh'ch sve used to nuake 0

PAN i3 ned 10 m

e AN,

fa} [Draw o struoimee of e @

(LY "Uhe propertes of polymers arc very impor v deiormbning their cses, e

e, b3

I
srapertics erpeated for polyacrs

Towai - 4

fJuesrion 58

The flow chart shown bel 2 of palypropone,

delivdraries

{ay Give the name of compound € and draw ity stmeniee, [2 marks]

() Duescribe process R L imarks]

. J‘()i'}(ii'\“ The inclesuics of polyproponc

Drocess R owas
i rhe samnie have different mobecula

g msed o produce 4 samg
1 i che

orapn el

e clo all e me

(c) 7

huaestion B
fa) Trescribe the swps fnvals

ion polewenisaiion, 2z

i che JIQCLEs of g

S polyedisloic and noi e I feroms oF

7 rnaths|
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hotce questions

2.1 Analysis of Incrganic substanoes

Camesticn 1
Industdal chemists toust mondicr the emissioas preduced by nduserial shernical
g, Which one of the foliowing would be the TZAST harmifu] whea released e

}_'J TOODELS

{3y Sieam

i Balfur dioxide (I3 Carbon monowide

Eire vhids imdhrmmarion Jo apswer Puessons 2 and 3,

A sarnple of pond waz o a 2onlaninated site was analvsed o detzvmine ihe

cancearration of lead loos uslog the following procedure.

@ A measuring cylinder was used to colleer 30 mT. saraple from the pool,
& A sumple was placed i a clean dry beaker.
¢ 25.0mi.of D.200 mol T sedium chionde solation was added to the sample.

¢ ‘lhe precipitac of lead (1 chioride thal formed wag Gl

cred, dried and weighed.
1t had a mass of 0,13 g,

nesticn 2
How could the reliability of the analysis of the pond waer be improved?

(A} Analyse more sumnples from the same pond.

(B} Uise 50 ol of distillad water us a conrol sample.

(T3 Analyse semples feom differciit ponds on the site.

LAY t{s meve other contaminants from the sa mple belore the anabysis

Tmestion 3

What wue the conceniration of lead ions in the sanple?
(A 5.0 < 1073 mel L7 (B) 58 x 107 mol LT
(Cy 9.3 % 167 ol 1.7 @) 107 X 107 ot 1.7

[BOSTES 2015 G118 & 19
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(Eaestion

wvinpdcn, YWhich of the

Fiesoli v-\){:'.s_l e

grog /LY
(A
(B} g
() ) T 2 (1)
) R P

Question b
oy detesmine the concenration of

solved selids In 2 sanpie of creek warer the m

uscd is parifally sunvnarised hebow,

3 Viiltrerion of the creck wator

* vashing the residue,
I.OI'I QO {' |.-Ll.,‘ {'I|["!"Flf'.'L‘. Ty d_'f"ﬂ.-‘:“\u‘

binig the solids
:

izsitg froin the summary. Which one of the followd:
need not be added to the method?

Sevaral porteal sieps ans m

{A) Weigh the solid residue obtained after filuaon,

(B} Weigh the cvaporating basin before the filirate is added.
{C} Day the solids to constant mass.

{I>) Measure the inidal volume of the creek water.

The following frfbrmarion sfomkd be used to answer Questions 6 and 7.

Tlic coneontration of oxone ahove the British Aneetc Suivey sistion ar Heliey Bay in
Antaretica has been messured each Getober since 1936, The rezulis are shoswn in e
graph below,

P i
| ! .
Hican I | |
Craober : l |
Iwu_)ux ! i_ i
il !
':7 R |

L9946 2000 2010 220
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Ouestioi &

Using only this information, which of the following siatements is correct?

(A} The ozone concentearion will be greater o 2008 than it was in 2010,

{3} The deercase in ozone concenrration from the 1960s to the 1990s was cansed by an
nctease w1 the concentration of CFC in the avmosphere.

(€33 The ozcic concentration was lower in 1989 than in 2009,

(3} Changes in the aunospheric CIC concentration cause changes in the czoae
Loricen m'}iti(_)ﬂ,

Cuestaon 7

The imean Qcrober ozone concentration in 2020 w11 e
{A) ~150 Dxobson units.

By 200 Dobson units.

{Cy ~250 T2obson units.

(Y% ditticulr to predict from rhis data,

hiesion 8
Part of a warer catchment is shown in the diagram.

Resizis of waar analysls ac X

D Tuskdedizy (MTU) BOL (e} Farsi Teeal (_f".'z".‘i‘;ﬁ‘:ﬂ._{"V. ’d sa}ef‘s U"‘?‘f) |
Ay 400 18 6.5 22000
By 22 3 17
<y 3 13 . 2200
o) 400 3 8.3 o 17

BOSTES 2015 15]

Jucstion %
Which of the following pases can cause major depleticn of the czone laver?

(A O (B} CCLF (C)y CO ay WO,



[44]
]
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Lhaeatics: 18

Cimain cnvironrnenm: nooblem associated with cHlorafuniocarbon

COLLRGUTIGEr

(AY Actd min (B} Lumophications
{0y Globat waeming (I¥p Ouonc deplerion

{juestion It

snglaes produce i

amnouits of nlrie oxide, NO, Brdssions fomn fm(“m*L ilyingr dn
o
(o .

Shate uie Tenm r\".l af cmone by the

thought Lo cavse the

TARIRY:

Cpuestion 12
R

ch of the followlng is a messure of the clanty of water?

(A3 Hardness {BYy Turbidity
{C) Total dissolvad solids {I)  Biochemical orypen demand
[0S 2002 0y

Question 13

Which of the fullowlig is the most suitable wenlcement for C'Cs 1n icrnzs of redocing

their environmenial inpaci?

{AY CI). (Ey Clhls () CHF iy CIECLCCE
FOSTES 2013 Q6]

=

Cuescion 14

] SiF, ave often sdded o e waner
& trout nportal reason for doing this s 1o
I ]

=, o sodium flociesilica

supphes, T

2

£AY rernove hamfol meral iovs w ir fnsolubie HQoorides,
(B K harmfiad s
{C) Leln haeden moith coamel,
(4]

(B} adfuzt the ph! of tho waker,

¥ i‘;—;:‘it]ﬁ]i?

ation 15
PACALUECTNGIT

i abgorpUon snestrufiiete”

{41 vehome, {BY conceneration, (O} mass Dy absorbs

Guestion 1
The puitioss of

flarac i flane ziornic sheorstion :poctzoscony 16 Lo

fAY desolvaic and atomise vhe analyte atoms in a sample.
{8 purify the samnd
() woniac the
(I3 exciec the analyre aroms,

SRt
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Cuestion 17
Which of the following is the principle of uromic absorption spectroscopy?

(A3 Radiaion is absarbed by rion-excited aloms in vapour siate and are excited to higher
Ftares.

(B} Medium absorbs radiation and transmitied radiation is messured,

{C} Coulour is meagred,

(21} Colouris simply olbsorved.

Cacstion 18
in aiomic absoiption spectroscops, which of the following ks the generally used radiation
soutcer

(A} Fenon mercury and lamp
{B} Hydrogen discharge lamp
(O Hollow cathode lamp
{2 Maemesium lamp

Chaestion 19

Each of the lists below containg four cations. Tf a diluie solution of sodinm hydroxide
were added sepaiurely 1o a dilute seluton of the chlonde of each ion, in which one of the
lists would precipitares be least likely 1o form?

(&) Ba®', Ca®, o™, NI

By AP, CF, 1™, NP

(€Y Ag", LI K, Na

(D) 707, K', Na , Rb”

Qucsiion 20

Bodium hyrdroxide solution is added to 2 sclulon containing a certain cation. A grcen
precipitate forms which turns red brown on standing, The precipitate is most likely to e
the hydrexide of

(A) Fe' which i then osidised to Te™,
(B} Fe'' which is then reduced o Fe™,
() Cu” which s then oxidised to Cu’
(I} Cu’ which is then reduced w Cu .

{ucstion 21

Which one of the anicns befow will produce a precipirate with cach of the solutions T, TT
ariel IIT»

I sitver aitrate soludon

i badum nirraiz soludon

TII copper nitrare solution

(A) Oy (®) 50, (€} CF ®) OF



Question Z2
Agpieong sl afons won

ofthe following e

w T

Sris o nicEch

! abasorrpidvan &
{8} Geavimelzin saslvsis
(I‘.p Johumetns gnal

A ame test

Croesidion 25
The el

AT fF O

fjr;'['.li“,t’:i_'l.‘-; .‘_--'.’JI[“‘J{" EE VAT CTELED

resuits are shovyn i fhe s b blowr

st

The ainoani of
LOW0 @l swran

l'_-(_‘} LS,

and Laz ahrnj-hm? e chrorred i oan

Chrestdon 24

_nmplr.::; of a soli
sulfatc s

Flaine ftese |

Red

A

kgt




g4 Carmibiidge Checkpoints Chemistry

Juestion 25

All the Tead fons presen in a 50.0 ml. solution were precipitated by reaction with excess
chloride wms. The mass of the dried precipitaic was 0.595 g What was the concenrration
of lead in the original solution?

Ay BHIT 1-5]]' @) 10277
(Cy 119 1" Dy 160¢ L7
[BOS 2012 Q20]

Cheestion 26

What flame colour do copper jons produce when hieated?
£4% Brick red {B) Blue-green
5 S &

{C) Tale purple (5} Yellow-orange
BOSTLS 2015 GH

Crzestion 27
A diluie soludon of barium nitrate is added to a ditare soladon of an unknown sall and a
whire precipitare form. 'I'he anion present in the sall could met b

(A} sulfatc. (BY chlovide.
{0 carbonare, {IN phuosphate.

Cmestion 28

Which is WC¥ a step in atomic absorplion specascopy?
(&) The adsorption of particles on & stationary phase
(B} The construction of a calibration carve

{C) Aroms absorb light

() The waporisation of a soludon.

tinn 29

tEshy
2or
(A} Barinm
(B) Calcium Blue geeen
(Y Carbonats Orange-ved :
(D) | Copper Blue-green

[MLsA 2007 £32]

Truestion 30

There are twe vnlabelled solutions. One is bariumn nirrare and the orther lead nicrace.
Which of the following could be added w the two ualabelled sclutons to distinguish
between them? |

(A} Sodinm sulfare {8} Sodivm nirate
{C} Sodiwn chleride {13} Sodiem carbonate
[NESA 2017 QF
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Croestion 31

h
FNCaRs o

coliation s added to 200 mL of L2 mol T
i the mass arthe s |

By 465 ¢ ()R89 ¢

o

—

Question 32

3
The How char identify o samapic of @ substance.

in =atsr

2
fa TR (Rl FhY

30 sEnTpiE

TF the substarae 1 sadior salfate, what should have been absorved in Teste 1, 2 snd 57

Tcsr ¥ i Fosr 2 Tess 3

. — p— T
(&) 1 bz ‘1t orange Fizamc. o3 bubbles Wlite precl;

Eright arangs: flamno Bublles Nex precipiiate

| Mo ph,k "L“I

3 ‘q.:—;--;-g,i:&eﬂ farme - Bulibles |

BOSTLS 2616 7313
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DQuestion 33
A secnon of the cmission spectran of a mercuey lamp is shown
234 6152
|

54

&
wevekangth fur) u

Light 2t 6234 nm and 615.2 nm from the men cury lump was passed through » sam plc of
witer coniaining mercniy, aid the intensites were then measred by a dctc;clor.

I fsenen) = Trensiey of Kl ac a wavelen gih of s nm from the lamp

T (o im) = Trvensity of light at a way elengih of soum at the detecros
Which of the palrs of intensiics on the following pase can be nsed in the determination
=

of the amount of mereary in the water sample using aromic absorprion SPECHIUSCOPY
AASY?

(A} L {6152 nm) and 13 (615.2 o) (B) 1(615.2 nmj and Ty (623.4 o)
(€ 1 {615.2 oo and £ (623.4 nm) (@) L (61532 nm) and T; (6234 nm}

[BOSILES 2016 Q20

Quesdon 34
The U¥—visible specium of a solution of a certain compound is shown below.

dsurhmee

[
450

wravelstgd

Comsider the followin g statements about this compound and dis U .wisilile spechnam,

L The amoum of light abserbed by a soludot of this corapound depends on its
concontration,

. The amount of hight alsorbed by a scludon of this compound depends on the

wavclength of light used.

HE The spectum is a resalt of decrrons falling buck from higher to lower
electronic enerpy levels,

IV. ’I'he concenrrarion of a solution of this compound can only be determined by
¥ —visible spectroscopy at 230 nim,

Which of the above statemenis are tme?

{A) Tand 1T (B) Mand 1l
Cy 1,1 and 1 Dy L 1Tand TV
7
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r-- )

mestion 35

e grar minsal o iy where wadermronnd Caves are

Foraned s

loride.

(&3 sodion ok
{Cy calciuom carbon

FOTLLIE,

Qm‘ufion '3:6
Which of &

(B}
(B Magnesium

alysisy

sing ie an example of quobrative a0

the fat enontent o g ligud

f .p' the cancepiration of chormicals in a dormestic cleaner
a chiornizal in 2 wates supply

it ia a housshold substance

aestion 38
Which of the following reactions is most tikely 1o be part of 2 geay dmersic atalvsis?

(A 2Ma( + Chig — MOl

(B) Ll ag) + NalOH{ag) — NalClay) + [LOG

(€ ApNO:{ag) + LiBr{ag) —> ApBrin + LaNOx{ug;

(D) ZHCHag) + NaoCOu(ag) — 2NaCling) + COnlg) + Hx3()

(uesaon 3%

A student dercein e percentage of sodium chlovide
ruowmr- nroccdure. The food sample is dissol
II‘AFC"I Iy acliding an excess of sitver nitralc sohiion. The precipitai

e

13t

red i warer ard he o icwmr‘ Haa i

[,‘ )

driced. Tf the food sarpis had g mass ¢ of 2010 ¢ and the fb

S
s

mal precipliate « mass of (37
What is the pasceniage of sodivm chloiide in the food?

(AY 0.020% (B 0.465% (C3 0.767% @ 1.8%%

gu §urly st

vimervic analysis proceduse (o d

Uerwinng fe now past of the

the sodoon chloiile contens of a Ff»oc‘ gLt

- gamnle b waler. (B} Thrate the solution of the g,
ver nirale sohution, {0} Fileer ared wed ipltatc.

Ud\-) Trissok
(T3 Add sit
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Guestion 41
Lisicd below are some properties of solids,
[. Whicand partly soluble
. Maindnes s composition when heated
Tii. igh formula mass
Y. Known fomoula
V. Vow sohibility and unreactive towards other sabstances

Which propertics are desirable for the precipitare oluained in a quantitative gravimerric
procedures

{(A) 1, I, T, TV qnd ¥ (B) TL L, 1V and V
(C) T IV and ¥ (D} L 15 and IV

8.2 Aaalysis of otganic substances

Ouestion 42
Which of the following statements accurately describes the moleatlar vibrations
characteristic of I spectroscopy?

{A) Stretching frequencies are lower than cotresponding bending frequencies.

(8} Tople bonds have lower strerching frequencics than corres ponding double bonds,
which in rurn have lower equencies than single bonds.

{C) Bonds 1o hydrogen have higher strccching frequencies than those to heavier atoms,

(L) Sirctching frequencies appear mostly in the fingerprint region.

Cuestion 43

Cras liquid chromarography 1s used (o identify compounds present in 4 mixtute,
Compounds Jeave the columnn in order of increasing molecular weight, i the compound
with. the smallest molecular welght reaches the detector first. A misiure of alkanes was
analysed vsing GLC. "t he diagram below shows the resule obtained.

{

i

i

i § [}

i | é

1 i i re

I

oA

i i P
% it I #%
I-

Wie ervmeeeernin

The compounds T T, 31 and TV could be

[ Compord s Cosnpeonnd IT Compmséd FLf} | Compound 1V
(A3 Hexane Pentane Butane i Propane
(B} Pentanc  Icamne Heptane | Qcianc
{C} Methanol Ethanol Propan-1-ol Butan-1-ol
(D) Bulane - Lithane Ilexune _ Propune
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Cuaiion 44
The polvina polyl

e ahwoebod by

E oo O o "’z

S A L R
...,.“-..Eu g T i { e} ovvanem s " ccmene Y wormnim | somerme £ e

Y L L

L £ A By ,_i 1

Crher than the peak ghvon by the

formed would give:

(A} one set of peaks I the iH VR
{ b} v sets of nmlm in Llu '. NWVIR.

5 it uhe T IR

o é’;—

=TS DI 1

(D) fm )

ueston 43

Certain chernical tests were perfosraad on the pain-relief dry ibuprotei. The

those tests are given in the ahle helow.

reforence, the monomer from which BT

Boje
v Is

esulis of

Test Resulr

Aqueous sodium carbonate B fforeescetice
Bromine swaret Remained orange |
| Acidified porassium dichromate(VT) and hear Remained orangs

From the resulis, ‘buproien coniaing which fnctonal gro

RS ®» 7
P ]
i

AT
——

Guestion 45

in the carmmo namutg cor v carboxvtic acids, wial is the correcs

msedt for the carbon adiacent to the cashoxyl moup?

(&) o {E}y wnc

Chuzestion 47
g

el of the following sharemants is WEOT Y

srraation about walence clooimils,

{&) UV specra provide ind
{B) NMR specrometers nse radiofrequescy elecizomagnctic radiation,
{C) U\-" slssurption
(I} IR absorpfion is affzdl
moic—;c:ules.

triatasie to clertmonic transigons,

v iable to fransitions beGreen rortional cnesgy levels o

Cresk letier

{Cy the aluchol () mcells

of whole
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Question 48
Which of the following statements regardin 5 IR spectroscopy s wrong?

(A} Infrarcd radiaton is higher in cnergy than UV radiation.

(8} Molecubur vibrations are due ro periodic motions of atoms in molecules, and include
bend stictching, rorsional changes, and bond angle charges.

() Infrared spectra give Information aboul bond ing feamres and functonal groups in
molecules.

(D) Tofrared spedra record fihe transmission of TR radiation,

CQuesidon 49
Which of the following sialcmenrs regarding NMR speetroscopy is wiong?

(4} A hydrogen signal splits in a1 1 peaks by spin-spin coupling when the number of
equrvalent hydrogen atoms on adjacent atom(s) is z, and other neighbouring aroms
are involved.

(5} NMR signals towards the le@t on the spectral chart correspond o lagger chemical
shifis.

{C} Chermical shifts arc larper when shicldin g effcets are greater

(13} Chemical shifts are larger when the frequencies of the radiation which ncludes the
nuclear transirfons are higher.

Quesdon 50
Which of the following staternents reparding mass spectrascopy is wrong?

(A) Oanly cations can be detected by a normal mass $PECLrOMmEter,

(B) Molecular ion peaks always have an cven-mumbered values of mass charge ratio
(] 7).

(C} Tn a normal mass spectrometer, eleciron im Pact causcs a inolecule to lose an
electron and beecome a molecnlar radical cation which decomposes into fragment
cations and radicals.

(D3} A compeund whose molecules conrain jast one bromine atoms shows two
molecnlat jon peaks of similar intensity, one at +1 and one 2t 1 of the average w/ 7
wvalug.,

{iuestion 51
Which of die followin 2 Statements is wrong?

(&) Warer Is 3 good sobvent for recording TV spectra of wuter-soluble commpounds.

(B} Walcr is a good solvent for recording 1% spectra of water-solulile compounds.

(€} The wavelengh of « band in an 1] specirom is directly propordonal o e
frequency of the associated molecular vibrarion.

(I Hydrogen bonding in hydroxy corapounds leads to the broadening of spectal bands
which arc artiibuted to vibradons of (O-H.
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Chuesiton 32

Tnrarcd

{53} Fuzsicriog (11 FEOUE,
’D] (L.J'._ ]

A g tia an T3 e Laclenies th

L ST g 2

P

(AN s YEY amine (Cy slcohel M

'QUPR’;‘i.CiE.‘I k4

A strong signal b 3400 s in spectn indicn
AY ether () aloohal y carbonyl

wstion 5
i3 the exact molecuiar moows Jn amu) of the moleaze CaHCE

{8) 55078 (By 50.00 (Cy 60.09 D) 400

Cuestion 26

How many sipels docs the aldehy TORLCEIO have in TH and N0 TNMR

(A) dirze 'H and four ¥C NMR (B) five 1 and six "C NME
(C) five [ and four "C NMR (DY) three 'H and siz PC NMR

Oaest

Which of the following swremenis s wrong?

Jicals.

T
JALITT,

{AY A maass specteam does not show signale doe i unchargad
(B) A ennventional mass speciiomercr cmploys high energy UV
£ A copventione! mass spocireneter dogy not suploy 4 spocirophomraeiis de
(¥ Tonventional mass spectromenty docs a0l abways requite saraplos of bigh pra

Qua,mir' L
SEeh of the folowing starements e

rrolecudng &

i iy J.h‘m.lO"‘ "'Pl o t‘ﬂ"‘i pLa b

(I3 The base ‘|_'>f.-‘..'.1.]r Gt s

ui'ahlr’ tO Al a

aft

o cn.xt!n,gt.li. hc(. by low resobs
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8.3 Chemical synthesis and design

Cruesiion 59

Choose the LEAST uppropriate ansucr.

A chemical indusory such as amemenia production should be locarec:

{A; closc 10 supphies of raw malcrials.,

fBY} in an niban arca.

(€} dose 10 trunspoit facilities for removing the product.
(13} where workers cun easily access the siee.

Question 60
Fossil fuel powered generation plants are ideally located:

(4} close 10 the source of the fossil fuel as it 15 the most expeasive comunodiy.
(B} near u tiver sysiom 1o access water,

() in the proximity of towns (0 access worktorce,

(L} All of the above arc important for the operaiion of a powet plant.

Fres-response questions
8.1 Analysis of inorganic substances

Quiestion 1

{&) Choose an industrial production area, such as {ossil fuel power plant or an ammonia
ot fertiliser plarit, and srate 3—4 souzees of possible pollutant and reasons for the
need ro monitor them. [4 matks)

{lr) Choosc one of the pollutant {rom your answet in part () and analyse how and why
It requires mMonilor, |2 marls]
fHotal = Gmarks|

Chuestion 2
Some insecticides contain dieldrin, CullCLO (M, = 381), a5 the active ingredient. When
burat in oxygen ihe only products of combustion of dieldrin ave carbon dioxide,
hydrogen chlotide (HCT and water. If the products of combustion are bubbled through a
sohation ot silver niteare (AgNQs), then a white precipitate of sitver chleride {ApCl) is
tormed.

ApNCalagy + TICLg — ApClls) + ANO:{ag)

o 2 iypical expenment, 2.26 g of the nsecticide was bumt in oxygen. The white solid
was collected, washed and dried. The mass of silver chloside obrained was 3.28 o.

{2} Wriie the equation for the combustion of dieldrin in oxygen. [2 matlss)
{b} How many molc of silver chloride was formed? 11 maik]
{e} Calenlute the number of mole of chlorine atoms in the sample, [1 mark]
{d} Calevlaie the percenrage puriy of the invecticide. [ imiaslss]

(e} 1f the precipitaie was not thotoughly washed before it was dried, what cffect would
ihis have on the calenlated percentage? Fxplain your answer. 12 matks|
[Towi = 9 marks]
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LIoosfon

1}

: ..i.*uu' s khrk 0 hone i

e ihic concentrtion of copper 1005 10 a sample of drinling

P LhiE

o YAITCE (R
B LOR0
i a1z
N 0.7
' nT,

The scicatist ther mezasuren the absobance of the drinking warer aad obtains 2 readiv
of G315,
{2} Flota graph of ‘Absarbance’ sgainst ‘Concentvation of copnear ions’ [ mizcics]

for vour graph to determins ihe concentramion of copper ions i ihe donking warer.
|V mack|
de concesiing the relfabilisy of the resulr ebiaied in

2 iaerl.y

ersment ¢an be

LS ALY

{d) What 2l rodd be cxpectlad fov a sample of water thet coniains
135 mg L™ af Co? 7 [3

() What mass of copper sulfare, CuSOLE010, world be aveded ro make LO0 [ of 5
2

solittion with a copper lom eoncenrearion of 6.04 % 107 |2 murks)|

& Llow would vou seepare the solunon mentioncd in part {<1) if the only halance
avallalle reacs o (RO gy 1 rear]
[rera. = L1 il

Cruestion 4
Shersen below is a shuplificd diggram of an atomic abscrption spearometer.
what happons ar rhe poines I..'J.].J(:‘.]_n:.(l PO, R and S

Frplaio

r O 4

I
Tarnp i———-!k* flame  |=——F1 menocuomae: —|

L i —

T

[ral

sample deicotor

CTomt = 3 omarks

B = .
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Tuestion 5

Aromic absorpiion specricscopy has heen nsed 1o detcrmine the amount of mercary in
various seafoods. Calibration of the apparais was carried oul by spraying sumples of
standaid solutions conmiring knewn amounts of mercucy into » fame. The resulis are
oiven in the table Bedow.

l_ e g7 r— Y o—
Absorbance COMCENFIRITON Absorbance CORCEVEHTON
L (R d (mg 7Y
013 5 100 6.038 3,00
0026 2.00 0.051 4.00

"the mercury conlent of a sample of flathead was determined by waking 10.00 ¢ of the

fish znd hearing it wath 10 ml. of nitde acid in a closed conminer. he resulting Heuld

was fillered and sprayed inie the flame. The absorbance reading obtalned was 0.031.

{a} Flova graph of absotbance agalnst mercury concentration. [2 maks|

{5} Calenlure the concencration of mercury o the fish in ppm (g per 10° g fishy. 3 matles]

(u:} Comment on the reliability of the resule obtained regarding its applicability to the
rirereuey content of fish in gencral. [2 macks]
[loial = 7 roarles]

Question &
A solution contaiins the cutbonare, chloride and sulfate anions.

{2} What sequence of rests should be carried out to show that the sohation contains all
these ions? Give ihe names of the reagents used in any relovant equations. 3 marks)

(o} Lisxplain why the arder in which these tests are carrled out is inportant. [3 walesf
[Teotal = & marks]
Dnestion 7
Tt grenand water contalns small amnounts of caleonm and magnesivm ions it s said fo be
‘hard’. The concentrations of these fons can be determined by dtrating 2 sample of ihe
srater with a reagent called SDTA In the presence of & suliable indicator. The solation of
the reagent usnally coutaing the anico TLEIDTA™ wid the dtration is carvied out at about
phd 10, Metal catons, such as Mp™ and Ca™", react as follows.

M {ag) 1 2001 (ag) + HaEIXYA™ (ugy — Mg(EDTAY + 2H,0()
Ca® {ag) + 205 {ag) + FLED VA (agy — CalLDTA)* + 2FH.0()

I the pH 15 muised to ~13 thes Mg(O0
with Ca®' Ions oceuts.

)2 I8 precipitated and only the sccond reacdon
)2 18 precipitated and only i 1 reacuot

A stirdent adjusrs the pl of 100.00 mi of a grovnd waier sanple to 10 with difute
ammoma and then titeares the sample with a 0.0125 mol 57 HIYTA sohudion, The siudent
repeats the proceduors three thnes and obtains an average tivre of 15,16 mL.
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iy Caleulste the heedfiess oF the prownd water swmple i mg (CalCC

L 12 iz

[rez = 65z

raestion 8

DL

conrain zine A cheoisi naes

cis. A taldot is
solution is made up o 250 mb. Theee
. The chemist shse g

int 4l 2ing i osorne

the volame o

stendard
- Areonic Aim!r'rtl(“w Egl= LunLoLﬂ, it nsod (o moasure wae apsorbances of
Ll‘l-?. i_'ablr:: samsles solubion acd the siandard solutdons. The sesnlix ae
el

utlons arc propared i this wa ares

< i the fabie

[ Srandasd zive sofations grmag L0 Absotbance
0,00 ’ 000
i & 100
i o

T S

350
l'hlf\. tft‘ijr “'lﬂl[‘:i\ 5

(2} Plofa calilbradon carec for the standard wine solaions. i3 mnrks|
(b} Calewize the mean absorbance of the mbler sumples. i1 rnark!

{r} Caicwiate the mean ameunt of zine per tablet in mg.

[Tatal =
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Questdon 9
The metcuey concentration of a certain fish specics was determined by atomic
absorpion spectroscapy. The sample data is shown helow.

18.6
Final sample volame (ml ) 25.0 ;
Absorbanee (111cm1) 0.230

Merenry & liheaien e

G700
::-.(iuu-_i
500
A0

Absotbence
[FIETHIE

v N

IR o

e ) / 1 1 1
CIGD—Frr——— 11 g
0O DS G0 615 G20 023 020 025 GhdD 045

He concentraliea (e L1

A comsumet wants to avoid eating fish with 2 mereury concentradon greater than,
(1.5 mg/ke of fish. Caleulate the concentration of mercury in the {ish sample and state

whether the consumer can ¢at this fish species.
[BOS 2012 Q32 Towl 3 rnarks)

Quesdon 18
A solulion contains three cadons, Ba®, Cu™ and Pb™. "I e Aow chatt below indicares
the plan used to confliem the identity of these cariony.

]

i




I
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(&) “arne p:ﬂ:(;ipi!‘ 1 vaark,
by

{3

Yrive 2 laalancod aor o

sopaihon fos dhe formnon of procpiiae L e

ad vesulr that would confin the identity o

o repmizing in filirate 2

L]_l( S 0T E A toial

Quﬂ%**e 11
SHIEOR CORTEIRS CaED

uence of s

of these ions. fncluds G relevant

e tons, Deacdbe 2 sea

that could be ased o oon
chemioal {

B
2

BOETES 2114 €

)24, 5 marks)

Curestion 12
Under conditinns of ow

gl ]'_"'-’f‘-l‘w CHCTANE Rl L.l]'ld{"l_‘-‘{‘ Aﬂ("’}il].l:"

according o the ollowing (:l1 emical eoprariosn

20l sl 17O — 6060 = 400G +
(j Foplam the need to monitor this process, |2 masd

(b} Caleubare the soass of soor {208 prodhwed i 1.2 molss of octane are combusied in
ihis way. (2 muatleal
[BBOSTLE 2

25 tome 4 madks?

Cruestion 13
The procedure of a fissi-hand investigation conductea i a school labozarory o
deiermine the percentage of sulfate i a lawn fordliscr is shown.

« 200 gof asaaple of

rliliser was growae up and viced i 2 heake

o Trway dissolved d1 about 200 mL of 0.1 mol .71 hydiochlonc ackd, stirred and filesed.

* Excess barium chlonde soluon was qulckly added to Gu

and 4 Erecipitie
fosmned.

2 Vhe precinitaie wae then allowed o scrile, dlrercd vsing fhier paper and rhe residus
coflecred,

11

e grid bad 4 mass of 2,23

1
© The residoe was drisd snd » e

& to tae piocedage ko impiova LI 1c

- the peiconiags of sultaic in the oviginal fertiliser s

: 'T'rph‘*
SBOBTES 2055 2% Towal =
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{Puestion 14

Atomic absorprion spectroscopy was used to determine the conceniradon of zine in a
water sample. The absorbance of a seties of standard sohwtions of known concentration
of zinc way measarved, The results are shown. In e mble.

ZinC concenniion, e (3040 1.00 2.00 300 4.0 AV
Absosbance 000 | 017 | 034 0.48 0.65 | 083

{a} Plotthe data on the prid and deew a line of best 4t |3 marks]
{b) In order for water to be considered safe for dsinking, the concentradon of zine mmust

be less than 2.50 ppm
The absorbance of the water sample was 0.58. Explain whether this water is safe for
drinking. [2 marks]
[WESA 2017 22)

Duesiion 16
(i) Ouiline a tesi that can be carried out to observe the lame colour of ONL metal ion.

Include a safery precaution in your answer, [2 roarks)
{11} Account for the flame colour thar should be olbscived in pary (£). | makes]

[NESA 2017 Q3 a; Potal = 5 1k

Cuestion 1
Explain why lois of this element (strondum™) produce a characteristic flame colour
when heaied stromgly.

[BOSIES 2016 Q34ail); 3 macks)



uestion 37

SOTET R

olv. Tt
Sy T
consfsts O i

faititr,

FELTITE LE D e

The

N R :_) -
. ! 0500t

With reference to the i formafon provided, iusdfy swhich of dic sites, X ot ¥, would be

£he preferred waicr source for the towin waner supply.
TS 2T € 20: 4 oaacks]

ruestion 18
The dizgiam below gl

{a) Lowhat wave ouoh the b

the -

wed vhe forng

ite ming, the paper waking Jacton

-y
o

iby Hosw roighi me wams iweed 0 oe pasified bofore beirg wsad b he oo

|5 enolisi

{oy What palintants wonld the wwn add o the warer? {1 matks|
sFoal + 7 roarks]
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Cuestion 1%

{2) Two separale cxperiments are carried oul on samples of water raken from the same
siver al the same Ume and place, Tn the first experiment formation of an insoluble
precipitate is used i identify a caton presen o the water. In the sccond experiment
the conconwation of the cation is determinecl.

Stgte whether each experiment is qualitatve or quantitative analysis.

Lixperitnent 1
Experiment 2

2 matks]
{I*) Explain why rhe concentearion of 4 meral cation might vary. [2 marks]

{€) SBodiam carbonate soludon is used W precipilawe cations as their catlonates. State
the likely ideniity of the canion o the precipitate e
(J) greci @iy white. T+ = 2 marks|
{Totat = 6 masks]

Chaceiion 24

A river supplying water 1o a local communiiy 1s thought to be contaminated with copper
compounds. 750 ml. of the water was filltered and the Tirate was heated o remove all of
the watcr, The final mass of the solid was (0.45 p.

fa) Calenlate the percenrage of dissolved solids in the river water sample. [1 mark]
(b} Why was the viver watet sample filiered before heating? (1 mark]

(e} What chemical west could be used to show that copper compounds are present in the
Wit E? [t matk|

{(d} Whar instrumentation rest could identify the metal ion or ions presco in dhe water?
[ mark]
[Fotal = 4 marks]
CQuestion 21
The diggrnm below shows a town situated ncar agriculire and industry. “The own telies
ot the diver {or its water supply.

i

T T T LTI R PSP
for 5

T

fongal

S S S ? R i TRE TR

(&) ldenudfy OND chamical species that conld be a contarmiant of the water supply.
[1 mark]

{b} Lizplain the need 1o moniicr the levels of a contaminant in water supplies.
[2 mavhs]
BOSIES 2014 (32%; "l'otal = 3 masks]
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onestion 22
Dceeribwe the process of

watenwars for enrtophic

iy ionz o boac

s 1o e socceseful as an

sravimcisic anaby

{ f'ili'] g the

viical techigue

arucks)

Cruestion 25
Limcstone (Calls) au
K

" ioms I owaler

ribtares o vhe

& chemical equation ror iz cucthors

CalOn(s + HO) + GO

{2} Fspiain why hwreasing me remperatuic of hard watcr would reduce fte bardness,

|2 mmards]

(b)Y Deseribe bow atotnic absorpton spectroscopy (AAS) could be used o roeasure the
cHeclvencss of reating water to teduce ivs hardness. [# marles)

3

£ marks]

Qaestine 26

The diagrains helow show schematic

sepresentatinns of aoralc eraission spocwa from a
tange of metals and an voloosn mixoure from a painl sanple,

e

ek

Tiigh

bo sond juselfy o

sed and used in forensic anal

[BESTES X G (350, Tawl 7

-
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Checkpoints Ghemishy

rcleasing wasic water contaiiiated with hesyy

meral ions e @ kocal tver. Atomie emission specuoscopy is used 1o identify the

possible pollutants,

Codmlur:

; s " Y
L. ol
] | | ! Li i
e e e T
TN R |
L5 | T E | i
| B il 1
L iz R
0
_i__’ A I i E; § o
Rw.,rsal,\}, -
TR T
; 4 ] ; E ;
1 i ki i H
IS £a0EL yolow  arangs ced
400 " s ) 609

JUSUEY vour alswer.

\Ké]vdcngﬂ'; .[.l’li'l".']

analyee the emission specinmmn of ao eleinent.

8.2 Analysis of organic substances

Questinn 28

Describe the chemical tests tha

aad alkancic acids.

Question 28

butanome as she

CHat HoCHCHCH, + [O

The mttaved spectinm shown on the following page is either that

thai of burancae,

IS

7(]{!

could be used to disunguish between atkenes,

Buran-2-0l can be oxidised by acidified potassium dichiomane!VT) o form
wit by the following equation,
CILCILCOCH: + 10

¥ butan-2-o

I_se the emission spectra shown above, to identi(y a metal pollutant in the river,

[2 rnaiks)

Quitline a procedure thar could be nsed in a school laboraiory to safely produce and

3 marks|

[B435 201073 {350c; Total 3 marks]

wkancls

[3 moazks]

ol or
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: —
ST ) 1500 WK

Weyrponibon oo

(o) fdentify the compound & whick this miraved spectrm refers, B

alain vour ans
) ’ gl .
[3n

(5} Eaplain what is it By the Angerimt replon o an nfrared spectourn and seate
how it is used t confinm the keatity of srganic mokecales sech as butan-Z-ol or
buranone, [4 marks]

Question 30
The wable on tic nest page, shows the structires of three isomaers with the

malecular formula ol L,

{a} Nate igorner 3. i mank

{b) A chemical rest can be used o disiinguish Lovween separate samples of Tramer 2 and
Lrgmr 3.
Tdeatify a suitable reagent for the test and stare whar von would obscrve with Lomer 2
A wirh fremes 3. [3 niks]

Fanover ¥

pent-3-an-2-0i

perianal
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(2} “The following is the infrared spectrurn of one of the isomers 1, 2 or 3.

10U

Trensmiftansc/ W

srf; \ f }5 | w\

o e o e e g o]
4000 3080 2030 1500 1060 £ha
Wevenumbarfom—"

i} Deduce which of the isomers (1, 2 or 3) would give this infrared spectium.
[1 mnark]
iy Tdentify two foatures of he infrared spectram that supporn your response in

part {3} and in each case identify the fancdonal group responsil:le, [2 ratks]
[Tl = 7 sarks)

{lse the mass specivomelry graphs o (his and the following page o angwer
Guestinn 35

Question 31

Mass spectrometry can be used oy idenrif drugs ina blood sample.

Below, i a specttum cbiained from the analysis of a blood sample.
Anabysie of 2 bicod sampls

20

on ihie following page), deduce which of the substasices &

re present in the blood sample,

Justify your answer.
INESA 2007 Q3%e(l); 2 marks]
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Ouestion 32
An unknown substance was collecied. It was analysed and its mass spectium collected
and is shown below.

100

Mass specrine of unkoovn subscange
=

1

Relaiive
intensity

[
-
L i

o

[T L L L B Bt e e e
i il Tusil 150 aa 250 L]
Ifass ro charge oo

"Une reble below shows the mass o charge ratio of 4 selection of fragments in the mass
speeban for three compounds of interest o forensic investigatons.

Compound rame Sigifican: fragments (mnass 10 charge ratio)
Caffeine 67 109 194
Cocune 82 94 182

'Paracetamol 4% 109 151

(i Using the information 1o the iable, identfy the unknown substance and justify vour
chaice. [2 marks]
(iiy Describe how mass specrrometey can be usciul for analysing forensic evidence,

[ muarls
[BOSITTES 2014 Q30c; Total S maths)

Caestion 33
Allznes, alkenes, alkanols and alkanoic acids are four different classes of organic
conupounds.

(i} Describe a simple test that would confitm that a compound is organic. [ marks|

(it} Describe a scquence of tests that could be used to distinguish lretwecn any
THEREE of (he classes of organic compounds tmed above, |3 trvarks|
[12005 2015 (36d; 'Vl = 5 marks]
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Answers — Module 5: Equilibrium

and Acid Reactions
Multiple-choice questions

Question Answer Comments

1. A Dehydration of cobalt(Il) chloride is a reversible reaction and
combustion of Mg is irreversible.

2. B A chemical equilibrium reaction is dynamic and the forward and
backward reactions are occurring continuously.

3. A For a reaction to be dynamic, the forward and backward reactions
ate occurring continuously.

4. A For a reaction to be spontaneous AG must be negative; hence AG
is just < 0. Hence if AG = AH — TAS then reaction becomes

spontaneous when T:E. The units of enthalpy should be
A

51x10°

118.74
decomposes spontaneously at 430 K and is therefore stable at

room temperature.

=430 K, lLe. the dtug

changed from k] to J. T =

a, D  Note: Square brackets represent the concentration. As Q2.

6. B For an exothermic reaction, the lower temperature will give the
best yield. Since 2 mol of products is formed from 3 mol of
reactants, increasing the pressure will result in more products
being formed.

7. C  Increasing the concentration of one of the reactants leads to the
formation of more products. (A) would have no effect on the
position of equilibtium because the number of moles on each side
of the equation is equal. (B) would result in less CO» being formed.
(D) would increase the rate of reaction but not the % conversion.

8. B  From the graph, the yield increases with increasing temperature,
hence the reaction is endothermic. Increasing the pressure reduces
the yield which shows that moles (products) > moles (reactants).

9. A The lines for CO and H, will change in the same direction, i.e. they
will both increase, or both dectease as the system moves to
equilibrium. [Hz will change by smwice the change for [CO].
[CH;OH] will change in the opposite direction from the other two
lines. Hence before time T; the top (solid) line is due to CO, the

middle line is due to Hs and the lower line is CH;OH.
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10.

11.

12.

13.

14,

15.

16

17.

18.

19.

20.

A

Catalysts provide an alternative reaction pathway with a lower
activation. The rate of a catalysed reaction will be faster. Catalysts
do not change the yield nor the heat of a reaction.

Addition of a catalyst only increases the rate of reaction.
Decreasing the volume causes the positon of equilibrium to move
to the left and addition of argon has no effect on the equilibrium
position.

Decreasing the volume of the chamber will initially increase the
concentrations of all the gases. The system will partially oppose
this change by moving to the side with the least number of
particles, i.e. to the right. Hence there will be a further increase in

[INFL.

Since the L to R reaction is endothermic the yield of Z will be
greatest at the higher temperature. However, increasing the
pressure will move the position of equilibrium to the left since
there are fewer moles on this side.

The yield of N,O,4 will increase with decrease in volume, since
there are fewer moles on L side compared to R. Also decreasing
the area for reaction will increase the collision rate, producing
more NOy.

Adding OH™ will increasing the pH. To achieve equilibrium, the
system will produce more acid to re-establish equilibrium, As
there is 1 mole of product compared to 2 moles of reactants, the
gas pressure will decrease.

The kinetic energy of the particles increases with the temperature
increase, resulting in more collisions. However, ‘more collisions’
is not the determining factor in increasing the rate of reaction,
rather it is the increase in ‘meaningful collisions’ from the particles
with greater energy than the activation energy. This is more
significant than the increase in the frequency of collisions
between faster-moving particles.

Increasing the temperature decreases the yield of product Z.
Hence the L to R reaction must be exothermic. Increasing the
pressure increases the yield of Z, hence there are more moles of
reactants than products.

The reactant X is 1 mole as opposed to 2 moles of product, hence
more products are formed at time T to re-establish equilibrium.

This reaction is exothermic as the reactants contained more
energy product. Net energy for the reaction = (product — reactant)
and should not include the activation energy.

This two-step reaction released energy in the first step, hence it is
endothermic, and the activation energy required to achieve the
product is X amount of enetgy.



21.

22

23.

25.

26.

27.

28.

29.

30.

31.

32.
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In endothermic reactions, heat energy is taken in from the
surroundings, and turned into potential energy in the products.
As a regult, the enthalpy of the products is greater than the
enthalpy of the reactants.

Catalyst speeds the rate of the reaction which is enabled by all the
factors in (A) to (C).

For the reaction to re-establish equilibrium after addition of
watet, the CI™ will decrease to overcome the change.

With an inctrease in pressute, the equilibrium will move to the side
that will reduce pressure — the side with the least number of moles
of GAS. Hence, the syringe will change to coloutless.

The smaller the value of Kis indicative that the reaction has
reached completion.

To check the direction of the reaction, compare the reaction
quotient (Q) with the equilibrium constant.
[HF]
[H.][E.]
- 0.500°

0.0120x0.0200

=1042
Since O >> K (313), the reverse reaction dominates as (O
decreases on the way to equilibrium. Hence, [HF] will be
< 0.500 M at equilibrium. The selection of option (B) or (C)
assumes that the forward reaction is dominating as the system
moves to equilibrium,

BTN
[crT

0=

As this reaction is exothermic, lowering the temperature favours
the forward reaction and 0.150 mol CIF; reacts to produce the
products.

Hence: (0.150 mol) CIF; — (0.225 mol) F; + (0.075 mol) Cl.

K., is the product of the two ions: MgCl, & Mg*" + 2CI~

As Q24, Sn(OH); = Sn*" + 20H"~

Kipof AgCrOy is larger than T1,CrO, hence more soluble; 2 moles
of Ag" in 1 mole Ag,CrOy, hence the most soluble compared to

the other two compounds.

Ba** and Pb*" are insoluble in sulfates and carbonates, BaCls is
soluble but PbCl, is insoluble (sparingly soluble).
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Free-response questions

5.1 Static and dynamic equilibrium

Question 1
(i) The following reaction can be used to model an equilibrium reaction.
W(ag) + X(aq) = X(aqg) + Z(aq)

Data showing how the concentrations of W and Y vary with time can be plotted to
give concentration—time graphs.
More data at different temperatures can show the effect of temperature on the
position of equilibrium and how the initial rates of the forward or reverse processes
vary with temperature.
The concentration—time graphs obtained for this system would model those of real
systems. [2 marks]

(ii) The following points can be made about this modelling exercise.

¢ When the concentrations no longer change, the system has reached equilibrium.

*  The equilibrium constant, K, for the reaction can be calculated from the data at
the various temperatures.

*  The effect of changing the temperature can be seen. The system should reach
equilibrium faster at higher temperatures.

¢ The sign of AH for the forward reaction can be deduced.

*  The exercise gives no information about the rates of the forward and reverse
processes at equilibrium.

¢ Equilibrium systems are dynamic. The forward and reverse reactions are still

occurring even though the concentrations are not changing.
[3 marks]
[Total = 5 marks]

Question 2
The balanced chemical equation for the complete combustion of octane (CsHis) is as
tollows:

Cbhis() + %5_ 01(9) — 8COx(9) + IH0()

We calculate AS® for the reaction using the (products — reactants) rule, where » and # are
the stoichiometric coefficients of each product and each reactant:

A = Z#S(prod) = ZaS(reacts)=[8S(COy) + IS(H0)] — [S(CsHis) + 2 S(0y)]
2

= {[8 X 213.8] + [9 x 188.8]} — {[1 X 329.3)] + 22 x 205.2]} = 515.3 ] /K
2
AS® is positive, as expected for a combustion reaction in which one large hydrocarbon

molecule is converted to many molecules of gaseous products, increase in ‘disorder’.
[2 marks]
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Question 3

Doubling the concentration of the organic compound, will double the chance of a
collision between it and a hydroxide ion, hence doubling the rate of the reaction. If also
doubling the concentration of the hydroxide ions, that will double the chance of a

collision again. The overall effect will be to speed up the reaction rate four times.
[3 marks]

Question 4

Complete combustion of methane: CHu(g) + 202(9) — COx(9) + 2H20()

Thete ate 3 moles of reactant gases and 1 mole of product gas. Hence, there is a decrease
in entropy as the reactants are more ‘disordered’ (greater number of moles of gases) than

the product.
[2 martks]

Question 5

Photosynthesis reaction: 6H:O() + 6CO2(9) — CsHi2O4(ag) + 602(9)

AS = (products) — (teactants) = (212 + 6 X 205) — (6 X 214 + 6 X 70)

= —262 ] K™ mol™. Total entropy change for the reaction without sunlight is negative,
hence entropy decreases. This reaction cannot proceed spontaneously and therefore,
must be driven by an external energy source — sunlight.

[4 marks]
5.2 Factors that affect equilibrium
Question 6
(2) A
) %
energy reactants / _______ g S
l -100 kd
_______ | products
B
progress of reaction [1 mark]
(i) A
energy
+100 k.| 7\ produets
reactants | / I_+50 Lo
; L
progress of reaction {1 mack]

(b)  For a reaction to occur, sufficient energy is required to break the bonds. In the
exothermic reaction in part (i) the reactants had more energy than the product,
but it is not sufficient for the reaction to proceed, hence the 50 kJ of activation
energy was tequired for the reaction. [2 marks]



124 Cambridge Checkpoints Chemistry

(©) 4
Brergy | TR Acfivation Enargy
’/}.\\! T without catalyst
: 4
e Acivation Energy
//\ lI with catalyst
_Peas | M
i
. Procucts
Progress of reaction [ 1 ma.rk]
[Total = 5 marks]
Question 7
(a) The reaction has reached equilibrium. The rates of formation of products and
reactants are equal and opposite. [1 matk]
() (@) \
Concentration 7 .

{mol L1 \ ,
7
/

- ....\ - -

|

i

. |

i [ |
| i
i

;,

i

>
o4

sl
-

Time [2 marks]
(i) The equation for the reaction is: 2505(g) + Oz(g) = 2SO5(g)
When more O; is added the position of equilibrium moves to the right, i.e.
more SO; is formed to partially compensate for the change (Le Chatelier’s
principle). Hence the concentrations of SO, and O, are reduced (in a 2:1 ratio).

[2 marks]
[Total = 5 marks]

Question 8
(2) At two minutes, since the concentrations have stopped changing. [2 marks]

(b) The decomposition of phosgene is endothermic. According to Le Chatelier’s
principle, if the temperature is increased, the system will try to overcome the
changes to re-establish a new equilibtium position. From the graph, COCl,
concentration decreases, while CO and Cl, concentrations increase after the
temperature increases, showing that the decomposition is endothermic, forcing the
reaction to the right as heat is absorbed. [3 marks]
[Total = 5 marks]
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Question 9
Carbon dioxide dissolves in water according to the following equilibrium:

COx(g) + H:O() = H,COs(ag) ~AH = —ve

An increase in pressure will result in more COsdissolving and an increase in solubility.
An increase in temperature will encourage the endothermic process to take place. In this

case, the reverse reaction results in production of CO; and lower CO; solubility.
[3 marks]

Question 10
Le Chateliet’s principle states that when a system at equilibrium experiences a
disturbance (such as concentration, temperature, or pressure changes), it will respond to

restore a new equilibrium state.
[1 mark]

Question 11

() Higher percentage of ethanoic acid would be converted to the ester. If you distutb
the equilibtium by adding mote ethanol, Le Chatelier states that the position of
equilibrium will move to remove it again. It can only do that by reacting it with
ethanoic acid to make more ethyl ethanoate. [2 matks]

(b) Sulfuric acid is a catalyst to this slow reaction; hence it has no effect. A catalyst
speeds up the forward and back reactions equally, and so there is no change in the
position of equilibrium. [2 marks]

[Total = 4 marks]

Question 12

(a) The position of equilibrium would move to the right — more ammonia would be
formed. According to Le Chateliet, an increase in pressure, will cause the system to
respond by reducing it again. Pressure is caused by molecules hitting the sides of the
container; fewer molecules, then the pressure will be lower. The forward reaction
produces 2 molecules for every 4 of reactants and hence the forward reaction will
cause the pressure to reduce. [2 marks]

(b) Low temperature. Lowering the temperature, according to Le Chatelier, will cause
the reaction to move in such a way as to increase it again. The forward reaction is
exothermic, which means that it produces heat energy which would cause the
temperature to increase again. [2 marks]

(¢) N:and Ha do not react at low temperatures, because the activation energy of the
reaction is so high. Even at moderately raised temperatures, the reaction is very
slow. Hence, although 2 low temperature might eventually produce high percentage
conversion of Nzand H; into NHj, the reaction is very slow for it to reach

equilibrium. From a manufacturer's point of view, this is not economically suitable.
[2 marks]
[Total = 6 marks]
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Question 13

@)

//-——-——'— Lower temperature
: Higher temperature

SO, Concentration —
,
\

[
/
/
/
Time —
[2 marks]
(ii) Concentration of gases in 1.0 L container, mol L™
Moles SO, Moles O: Moles SO;
Initial 1.0 1.0 0
Used/ made 0.70 0.35 0.70
Final 0.30 0.65 0.70
[SO,]
[SO,1.[0,]*
_ 0.7 = 29
0.3x0.65*
Since 2.9 # 12.1, equilibtium has not been reached. [4 marks)
[Total = 6 marks]|

Question 14

(i) Initally, [Hz] would drop as the volume of the container was suddenly increased.
However, as there is a 3:1 ratio of gas particles in the equilibtium reaction, the
reverse reaction would be favoured to increase pressure by increasing the number
of particles, and so [Hz] would then start to increase again until equilibrium was

re-established. [2 marks]
(i)
Moles H, Moles CO Moles CH;OH
Initial 0.5 1.00 2.50
Used/ made 0.36 0.18 0.18
Final 0.86 1.18 2.3
equilibrium concentrations in the 2.00 L container
[Hz) = 0.43
[CO] = 0.59
[CH;0H] = 1.16
T [CH,OH] 1.16 _ 3 marks

[H,F[CO] 043 x059

[Total = 5 marks]
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Question 15

In the Haber process, nitrogen and hydrogen, in a 1:3 ratio, are heated to 300 to 500°C,
compressed to 150 to 250 atmospheres and passed over an iron catalyst. The product is
ammonia.

N2(9) + 3Ha(9) = 2NH;(g), AH = -92 kJ mol™

After passing over the catalyst ammonia is removed from the gases and the unreacted
nitrogen and hydrogen are passed over the catalyst again.

The conditions used ate a compromise between three factors:

. rate of reaction
. equilibrium yield
. economic concetrns.

At room temperature. the rate of reaction is very low but in theory the yield is high.
Increasing the temperature increases the rate of reaction, but since the reaction is
exothermic the yield falls as the temperature rises. Since the reaction converts 4 moles of
reactant into 2 moles of product increasing the pressure increases the yield of ammonia.
However, high pressures requite more costly equipment and it costs more to maintain
the high pressures throughout the process. The conditions must be carefully monitored
and maintained to produce ammonia in the most economical way.

The reactant gases must be pure and in a 1:3 ratio. Impurities such as CO,, CO, HzO or

H>S would poison the catalyst and reduce the yield of ammonia.
[6 matks]

Question 16

(a) COa.is present in the mixture. Before opening of the bottle, there is an equilibrium
existing between the carbon dioxide present in the solution and that present in the
empty space above. Carbon dioxide molecules keep going inside the mixture and
coming out of it, thereby establishing equilibrium. When the bottle is opened, the
closed system becomes an open system. Thus, the equilibrium is lost. As CO2 is
released the pH will increase. [2 marks]

(b) Addition of a slice of lemon, which is acidic, will decompose the catbonate in the

drink, causing a release of COxy; i.e. the reverse of equation. [2 marks]
exothermic

(c) COZ(cg) = ‘ COZ(CZQ) [2 marks]
endothermic

(d) As the gas escapes with time, the amount of carbonic acid is reduced, hence the pH

will increase. [2 marks]
[Total = 8 marks]
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5.3 Calculating the equilibrium constant K.

Question 17

(a) Homogeneous in an equilibrium reaction is where the reactants and products are
present in a single solution, in the same phase. The chemical species involved can be
molecules, ions, or a mixture of both. [1 mark]

) K —_ICHCH,OH]
" [CH,=CH,][H,0]

[2 marks]

[Total = 3 marks]
Question 18

__BOF
" 80,[0,]

[2 marks]
Question 19
(a) K = [Hb(O,),1 [1 mark]
© [HB][O,]
(b) Hb(O2)a(ag) + 4CO(g = Hb(CO)s(ag)+ 40,(9) [2 marks]
(c) The equation is the reverse of (b); ——

[Total = 5 marks]

Question 20
In the Haber process, ammonia is produced from nitrogen and hydrogen in the
following exothermic reaction:

N(9 + 3Ha(g) = 2NHs(9; AH = 92 kJ.

Being exothermic, yield is increased by lowering the temperature of the reaction mixture,
which would drive the reaction to the right, as according to Le Chatelier’s principle, the
reaction would be favoured that produced heat. On the graph, this is clearly shown, as
for each pressure, the yield increased at lower temperatures. Maximum yield could be
obtained at very low temperatures; however, the rate of ammonia formation would be
compromised at low temperatures, hence, in the Haber process, a temperature of about
450°C is used. This produces an acceptable yield. A catalyst of Fe;Os is used to maintain
an acceptable rate of reaction at this low industrial temperature. In the reaction above,
there is a 4:2 ratio of gaseous reactants to products, so higher pressures will drive the
reaction to the right to reduce moles of gas, which reduces the pressure. Ideally as shown
on the graph, extreme pressures would increase the yield. However, in the Haber
process, the cost of maintaining high-pressure reaction vessels is prohibitive, so a

pressure of 300 atm is used, which is an acceptable compromise.
[6 marks]
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Question 21

(a) Decreasing the volume of the reaction vessel will increase the pressure. This will
drive the reaction to the right-hand side as there are fewer moles of gas on this side
of the equation. [2 matks]

(b) Adding a catalyst to the equilibrium mixture will have no visible effect on the
reaction mixture. This is because a catalyst will speed up the rate of both the forward

and the reverse reactions. [2 matks]
[Total = 4 marks]

Question 22
NH,HS(s)  NH,(g)+H,S(g)
#NH, =0.0328 = #H,S

0.0328
[NH,]=[H,S] =
=0.0109
K =[NH,][H,S]
=0.0109%0.0109
=1.20x107"
[4 marks]
Question 23
(a) Ha(9 + Cl(g = 2HCI(g) + heat
_ [HCI]2
® o [H,]ICL]
[2 marks]

(b) Heat added to the system would shift the equilibrium to the left, as the reaction
would try to use up the added heat by producing more Hz and Cl,, thus using up
HCI and heat, AH. The value of K., will get smaller; due to the, the [HCI] decreasing
and both the [Hy] and [Cly] increasing. This makes the numerator smaller and the

denominator larger. [2 marks]
[Total = 4 marks]

Question 24

(i) COCL(g) = CO(g)+Ch(e)

[COI=[Cly = 0.028 M [2 marks]
(ii) [CO] [CL] /[COCL] [1 mark]
(iii) Kc=(0.028)*/1-0.028=8.0x10™* [2 marks]

[Total = 5 matks]
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Question 25
(i) As this is an exothermic reaction, temperature decrease would decrease the [HNO3],
as the reaction would favour the RHS to increase the temperature.

[1 mark]
(iii) With the increase of zinc ion concentration; [HNO3] would increase

[1 matk]
(iii) Decrease of [NO] would decrease the [HNOj]. [1 mark]

(iv) Increase in pH increases the production of [HNO;] to counteract the change and

reduce the pH. [1 mark]
[Total = 4 matks]

Question 26
(i) 2NO(g = Na(g9 + O2(9 [1 mark]
(ii) | Gas | Initial Conc mol/L | Equilibtium Conc mol/L
NO 0.400 0.4 —(2x0.198) = 4.00 x 107
N> 0 0.198
O, 0 0.198
K= 0.198x0.198 _ 0,45 x 10°
(4.00x10°)?
The position of equilibrium is to the right (K > 1), i.e. it lies in favour of the
products. [3 marks]

(iii) The value of K.q can be changed by changing the temperature. If the temperature is

constant, Keq is constant. [1 mark]
[Total = 5 marks]

Question 27

(i) According to Le Chatelier’s principle, increasing the temperature favours the
endothermic reaction. Since the L to R process is endothermic, increasing the
temperature will increase the yield of NO. [2 marks]

(i) Since [CL] = 0.17 mol L™ . [NOJ = 0.34 mol L

K= M =0.028 and - WOCHZ — (034)2 5 0.17
[NOCILJ? 0.028
[NOCIJ* = 0.702 and [NOCI] = 0.838, i.e. 0.84 mol L™ [3 matks]

[Total = 5 marks]
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Question 28

@)

Decrease in volume (causes increase
in pressure)

Decrease in temperature

e System adjusts to decrease pressure by
Le Chatelier’s principle

e Equilibrium moves to reactant side as
less moles of gas will reduce pressure

e No change to K when equilibrium re-
established

e Systems adjusts to increase temperature
by Le Chatelier’s principle

e Equilibrium moves to reactant side to
produce more heat

e K will be lower when the new
equilibrium is established

(if)
NH4HS(S)—;\_.~NH3(g)+ H,5(g)
JV:]\TH3 =0.0328= nHzS

[NE,]=[H,S]= 0.03328
=0.0109
K =[NH,][H,S]
=0.0109%0.0109
=1.20x107*

[3 marks]

[4 marks]
[Total = 7 marks]
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5.4 Solution equilibria

Question 29

K2CrO4(ag) + Pb(NOs)z(ag) — 2 KNOs(ag) + PbCrOa(s)

Pb*(ag) + CtO4* (ag) — PbCrOu(s)

Kep: PbCrO4(s) — Pb**(ag) + CrO4 (aq)

Ky = [PH][CrO.]

an= en, (to determine the initial concentration of each species once mixed and before
any reaction takes place).

(0.0020 M)(25.0 mL) = (2)(100.0 mL); & for K;CrO4 = 0.00050 M
Similar calculation for the lead(IT) nitrate yields:

e for Pb(NO3), = 0.0000938 M

Calculate the reaction quotient 0, and compare to the value of K.
© = (0.0000938 M)(0.00050 M) = 4.69 X 107°

0 is greater than K, so a precipitate of lead(IT) chromate will form.

[2 marks]
Question 30
Ag,CrO4 — 2Ag" + CrOF Ky = [Ag"[CrO4]
If solubility of AgoCrOyis sb: Ky = (2sb)* X sb = 4sb® = 1.1 x 1072
 sb(Ag:CrOy) = 6.5 X 107,
[Ag1 =2 X (6.5%107%) = 1.3 x 10 M; [CrtO#] =65 x 10° M

[3 marks]

Question 31
The equilibrium expression for the dissolution of barium sulfate:

Ky, = [Ba®"][SO4™] for BaSOu(s) = Ba®'(ag) + SO (aq)

Let x represent the barium sulfate that dissolves in the sodium sulfate solution, expressed
in moles L.

BaSO.(s) | B (aq) | SO7 (ag)
Initial concentration All solid 0 0.020 M (from NazSOy)
Change in concentration —x dissolves | + x +ige
Equilibrium concentration | Less solid o 0.020 M + x

Substitute into the equilibrium expression and solve for x. Assume that x is very small
(the solubility is reduced in the presence of 2 common ion), the term ‘0.020 + x° is the
same as ‘0.020".
1.1 X 107 = [x4[0.020 + x] = [][0.020]
x=55x 10" M; « [Ba*] = 5.5 x 10° M; and [SOs? = 0.020 M

[2 matks]
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Question 32

Each substance can be classified as an ionic solute or a nonionic solute. Ionic solutes are

electrolytes, and nonionic solutes are nonelectrolytes.

1. Potassium chloride is an ionic compound; therefore, when it dissolves, its ions

separate, making it an electrolyte.

Glucose is a molecular compound, it is nonionic and -+ a nonelectrolyte.

3. Propan-2-olis an organic molecule containing the alcohol functional group. The
bonding in the compound is all covalent, so when it dissolves, it separates into
individual molecules but not ions; - it is a nonelectrolyte.

4. Magnesium hydroxide is an ionic compound, so when it dissolves it dissociates,

N

~ it is an electrolyte.
[3 marlks]

Question 33

NaCl is an ionic solute. When dissolved in a polar solvent, the ions become surrounded
by particles of the solvent, carrying the ions from its associated crystal. Glucose is a
molecular compound. When dissolved in a polar solvent, the compound forms individual

neutral molecules without dissociation.
[2 marks]
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Question 34
Volume of treated water: 1000 L + 10 L = 1010 L
Concentration of OH™ on addition to 1000 L of pure water:

10L
1010 L

Initial concentration of Cd** in 1010 L of water:

=4.0M X =0.040 M

1.6x10°M) x 199 ~ 16x 10° M
Assume that all mleoéd2+ precipitates.

Concentrations [CTM JOH |M

initial 1.6 x 10~ 0.04

change -1.6 X 107 =32 % 10"

Sinal 0 0.04 — 3.2 x 10~ = 0.04

At equilibrium, find the concentration of Cd*" that can exist in a 0.04 M OH- solution:

Concentrations [CE M [OH |M

st 0 0.04

change o +2

at equilibrinm X 0.04 + 2x = 0.04

Substitute these values into the solubility product expression:
K(Cd(OH)) = [Cd*] [OHT? = 2.5 X 107
—14
I:Cd2+:| _ 2.5X10_5
1.6x10
=1.6x10"" M

Note that the effluent will now be very alkaline: pH = 14 + log 0.04 = 12.6, so to meet
environmental standards, an equivalent quantity of strong acid must be added to
neutralise the water before it is released.

[3 matks]
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Reactions
Multiple-choice questions

Question

Answer

Comments

1

D

Acids have a sour taste, dissociates producing ions which allow
electricity to flow, is a good preservative (vinegar), and indicated
blue litmus red.

Phosphoric acid is the common name for this compound.

The anion commonly used is nitrate NO;~, one less O atom
makes it NO,~ — nitrite ion, hence its acid name has the suffix —
ous. This applies for other acids too.

Only methyl propanoate is not an indicator in the list, it is an
ester.

Acid and carbonate always produces COs(g). The combining
ratio in the balanced equation is 1:1 — 1 of CO2(g). M(NaHCO3)
=84.008 g mol™, n(NaHCOs) = 2/84.008 = 0.023 mol.
n(HCI) = 0.45 mol L™ X 0.1 L = 0.045 mol.

Only 0.023 mol of HCI will react; NaHCO3) is limiting.

s T(COy) = 0.023 X 24.79 = 0.57017 L = 570.17 mL.

As above Q5. Only 0.023 mol reacted;
& 0.45 — 0.023 = 0.022 mol of HCl was in excess.

The oxides of T and II are basic and will react with acids. The
oxides of V and VI atre acidic and will react with bases. The
oxide of IV is amphiprotic and will react with both acids and
bases. The oxides of III react with acids.

Davy suggested that acids contain hydrogen. Lavoisier
suggested that acids contain oxygen. Arrhenius suggested that
acids ionise to form H” ions. Bronsted & Lowry suggested that
acids are proton donors.

The equation for the reaction is

Ba(OH)x(aq) + 2HCl(ag) — BaClx(ag) + 2H20()
#(HCI) = 0.0500 x 0.350 = 0.0175 mol
#([Ba(OH)z) = 0.050 x 0.025 = 0.00125 mol

A(HCl) reacting = 2 x 0.00125 = 0.00250 mol
#(HCL) remaining = 0.0175 — 0.0025 = 0.0150 mol
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10.

1.

14.

15.

16.

17.

18.

19.

20.

21.

B

The only strong base in the list is calcium hydroxide. All
hydroxides are strong bases. Ammonia is a weak base.

I. CuO neutralises an acid, but as it is insoluble it is not an
alkali (i.e. no OH™ ate produced)v’.

II. Acid + base v,

II1. Acid + carbonate is a neutralisation reaction, but in
addition to the salt, CO(9) is also produced v'.

IV. MgO in solution produces OH", hence the neutralisation
reaction v’

To neutralise the excess stomach acid, a base is required. Sodium
hydroxide is very caustic base and cannot be buffered; hence
Mg(OH); is used. (B) and (C) are not bases.

As ant bites are acidic, a base is required to neutralise the acid,
baking powder is the only base in the list. Baking powder
contains NaHCOs.

Neuralisation is an exothermic reaction, hence heat is released;
which indicates that the reactants have higher enetgy than the
products.

The acidic oxides are CO,, SO, and SOs, and the basic oxides are
Na,O, MgO and K;O. H,O and CO are neutral oxides, while
AlLOs; and ZnO are amphoteric.

From pH 4.5 to 6, the indicators will be yellow, yellow and
colourless. Between pH 3 and 4.5, methyl orange will be orange,
which will add to the yellow and colourless of the other two.
From 6 to 7.5, bromothymol blue will be green, which will add
to the yellow and coloutless of the other two indicators.

P, T are metals and form basic oxides, R, U are non-metals and
form acidic oxides, Oxides of Q and S are amphoteric.

Arrhenius suggested that acids ionise to form H* ions. Davy
suggested that acids contain hydrogen. Lavoisier suggested that
acids contain oxygen.

If methyl red is yellow, the pH is greater than 6.2 and if
phenolphthalein is coloutless, the pH is less than 8.3.

COz and N2O, react with water to form acidic solutions, whereas
solutions formed when CaO and Na,O react with water are
basic.

Methyl orange will show yellow for the potato juice, hence
distinguishing between the acids. The other indicators are not
within the required range.



22.

23.

25.

26.

217.

28.

29.

15

32.

33
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Weak acid (acetic acid) and a strong base (barium hydroxide)
would produce a basic salt.

When the pH of a solution changes by 1 unit, [H"] has changed
by a factor of 10. Also, when the pH increases the concentration
of hydrogen ions falls. Thus, when the pH changes from 9 to 13,
[H*] has fallen by 10 000.

Sodium acetate is the salt of a weak acid and a strong base and
will have a pH > 7. KCI and NaNO; are both salts of strong
acids and strong bases. Their solutions will have pH = 7. NH4CI
is a salt of a strong acid and a weak base.

Acid II has the smallest concenttation and the lowest pH. The
stronger acid will be the most ionised in aqueous solution. More
H* is produced from a smaller amount of acid IL.

In aqueous solution, Ba(OH), will be completely dissociated and
[OH ] willbe 5% 107 x 2 =1x 107 M.
—10g10[OH—] =3 pH =14= =12

Sodium acetate is the salt of a weak acid and a strong base and
will have 2 pH > 7. KCl and NaNO; are both salts of strong
acids and strong bass. Their solutions will have pH = 7. NH,CI
is a salt of a strong acid and a weak base.

[Ba(OH);] = 5.0 X 10 [OH] = (5.0 x 109 x 2= 1x 10* M —
logm[OH‘] =4 pI—I =14—-4=10

[H] = 10% » [OH] = 107#/10° = 1 X 107" as [H*][OH] =
10—14

Sulfuric acid reacts with Mg to produce the salt MgSOs. As the
acid is used up the pH will rise. Also, magnesium has an affinity
for hydroxide ion. As the sulfate goes into solution, hydroxide
anions associate with the magnesium, increasing the pH.

Acetic acid is a weak monoprotic acid. Citric acid is a weak
triprotic acid. The [H'] in the cittic acid solution will be slightly
greater than that in the acetic acid solution. Hydrochloric acid is
a strong acid.

The acetic acid has been diluted. Hence [H'] will decrease and
thus pH rises. Acetic acid is a weak acid and the % hydrolysis, or
degree of ionisation, increases with increasing dilution.
Increasing the volume causes the position of equilibrium to
move to the right.

Acid IT and IV are completely ionised, hence are strong acids.



138 Cambridge Checkpoints Chemistry

34

35.

36.

37.

38.

39.

41.

42.

43.

44.

45,

B

As above; weak acids will only partially ionise, hence I and I1I
are weak acids. The diluted acids will have less molecules and
ions in the solution, hence III and IV are diluted.

pH = —logio([H']) = —log;o(0.018) = —(—1.74)= 1.74

When reacted with excess acid 1 mole of each of these
compounds will produce 1 mole of CO,. The largest mole of
compound and hence mole of CO; will result from the
compound with the smallest molar mass since #(compound) =
1.0 + molar mass.

Increasing pH corresponds to decreasing [H]. When the pH
changes by 1 unit the [H"] changes by a factor of 10.

As the temperature decreases the pH rises and hence [H] falls.
H" ions are present because HA has partially ionised. When [H7]
falls, less HA has ionised.

The solution with the highest pH will have the lowest [H*]. Mote
dilute solutions have lower [H*]. HClis a strong acid and will be
completely ionised in solution, whereas acetic acid is only
partially ionised.

The combining ratio of Ba(OH),: HCl is 1:2.

n(Ba(OH)z) = 0.02 X .02 = 0.00004 mol;

#(HCI) = 0.04 x 0.05 = 0.002 mol. Ba(OH); is limiting.
HCI reacted = 0.0004 X 2 = 0.0008 mol.

Excess HCI = 0.002 — 0.0008 = 0.0012 mol.

~ [H'] = 0.0012/(0.05 + 0.02) = 0.01714 M.

pH = —log:o(0.01714) = 1.77, = 1.8

HSO4™ is a proton donor (SO4) and acceptor H,SO4, hence is
amphiprotic.

The solution must be diluted by a factor of 100 ([H*] changes
from 107 to 10 mol L™). In (C), the solution is diluted from
10 mL to 1000 mL by adding 990 mL. of water.

In this case, the reaction of a strong acid (HCI) with a weak base
(NHs) will produce an acidic salt, (NH4CI). Hence the
equivalence point of this reaction will be less than pH 7. This will
be detected in the pink to pale yellow colour change.

Citric acid is triprotic, hence for neutralisation, 3 moles of OH"
would be required for 1 mole of citric acid.

pHof4=10"4 (0.1 L X 0.01 M)/10* = 10 L. As there is already
100 mL of acid, they need to add 9900 mL of water.
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The neutralisation reaction is 1:1 ratio, hence the acid is in excess.
nMNaOH] = 0.004, »[HCl] = 0.006, -~ 0.002 mol of HCI is
unteacted. To find the [H'] = 0.002 mol/0.1 L = 0.02M.
pH = —10gm(0.02) =1.7

The more positive the value of pKi, the smaller the extent of
dissociation, hence pK, of 3.29 means it is weaker than acetic
acid.

The pH of a buffer solution changes very little when small
amounts of a base (or an acid) are added. The added base reacts
with a weak acid present in the buffer. As more of the base is
added, the concentration of this weak acid falls and eventually
the pH of the buffer starts to rise.

A buffer solution is formed when an acid is mixed with its
conjugate base in approximately equal concentrations. HNO; is
a strong acid.

Step 3 will dilute the base transferred from the pipette, i.e. there
is less base to react. This will mean that a smaller volume of acid
will have to be used and thus the calculated concentration of acid
will be too high.

The equivalence point of the second titration is between pH 7
and about pH 3. The appropriate indicator must completely
change colour in this pH range.

The equivalence point of a titration is when the number of moles
of acid and the number of moles of base atre in the same ratio as
in the relevant chemical equation.

Washing the pipette with water will mean that less base will be
taken. Hence less acid would be needed. Subsequent titrations
would not be affected since the pipette would now be wet with
base. Answers (A) and (C) would mean that more acid would
have been used. (D) is the correct analysis procedure and should
produce consistent results.

The dilution procedutes in (B) and (C) would not be expected to

give reliable results since they are of limited accuracy. (D) would
be reliable only if the flask had been clean and completely dty.
(A) is the most reliable and precise method.

n(N2Os) = 2.16 + 108.02 = 0.0200 mol
#(HNO;) = 2 x 0.0200 = 0.0400 mol
#(N2OH) = 0.0400 mol (1:1 reaction);
volume NaOH = 0.0400 + 0.25 = 0.160 L.

In conjugate acid—base pairs, the acid has one more H' than the
base. H;O* and OH™ differ by 2H", as do H;O* and O*.
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D

A buffer is formed when a weak acid is mixed with its conjugate
base. The pair H,PO,”/HPO,* is a weak acid and its conjugate
base.

The solid is weighed in a beaker, dissolved and transferred to a
volumetric flask using a filter funnel. An accurately measured
volume is essential to produce a standard solution.

N2,CO; + 2CH;COOH — 2NaCH;COO + H,O + CO,
#n(CH;COOH) = 0.1 x 0.5 = 0.05 mol

n(N22CO3) = Y2n(CH,COOH) = 0.05/2 mol

Mass (N2,CO3) = 0.05/2 x 10° = 2.649 g = 2.65 g.

HCI and CH;COOH are both monoprotic acids. Since equal
volumes of the acids with the same concentration are used they
will require the same volume of the NaOH solution.

In an acid-base conjugate pair, the acid and the base only differ
by H".

(D) represents a burette, which will deliver an accurate volume
of a solution.

The indicator should change colour when there is a very rapid
change in pH, ie. on the vertical part of the curve (pH 7 to 12).

A conjugate base would only differ by H*.
For a buffer solution to be effective the, almost equal amounts
of weak acid and its conjugate base and vice versa. HCl is a

strong acid, and hence is ineffective as a buffer.

A burette is the only piece of apparatus in the list, which would
deliver an accurate volumetric quantity.

Free-response questions

6.1 Properties of acids and bases

Question 1
Acids:

® In water, H" dissociates and can conduct electricity due to the presence of ions

(electrolytes).
e Have a sour taste.
e Are corrosive.

e Have a pH less than 7, hence change blue litmus red.

® Reacts with reactive metals to produce Ha(g) and decompose carbonates to produce

CO(9).

e Neutralise a base by producing a salt and water.
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Bases:

e Are bitter and have a soapy feel.

e Neutralise acids to produce salt and water.

e Are caustic.

e If soluble in water, produce alkali solutions, which conduct electricity.
e Have a pH greater than 7 and change red litmus blue.

[4 marks]
Question 2
Compound name Formula Compound name Formula
Potassium hydroxide KOH Ammonia NH;
Nitrous acid HNO; Carbonic acid H>COs
Sulfurous acid H.S0; Phosphoric acid H;PO,
Sulfuric acid H,SO,4 Barium hydroxide Ba(OH),
Hydrochloric acid HCI Sodium hydrogen carbonate | NaHCO;
[10 marks]
Question 3
HCl(agq) + NaHCOs(aq) — NaCl(ag) + H20() + CO2(g)
Net: H"(ag) + HCOs™ (2g) — H2O() + CO2(9)
[2 marks]
Question 4
CaCOs(aq) + SOx(g) — CO2(g + CaSO4(aq)
Products are: carbon dioxide and calcium sulfate.
[3 matks]
Question 5
2HCl(aq) + AI(OH)s3(s) —AlCls(ag) + 3H20()
2HCl(aq) + Mg(OH)y(s) —MgCla(ag) + 2H0()
[2 marks]

Question 6

The elements of groups I and IT ate metals. The oxides of these metals are basic (e.g.
N2,0, BaO). In descending these groups, the oxides become more basic. On the tight-
hand side of the periodic table the oxides of non-metals in groups IV to VII, are acidic
(e.g. COz, NO2, SO;3, CLO»). The acidity of these oxides increases towards the top of
these groups. Elements towards the centre of the periodic table often form amphiprotic
(amphoteric) oxides (e.g. Al2O3, ZnO). The noble gases (inert gases) have very low
reactivity and do not generally form compounds. However, a number of compounds of
xenon with highly electronegative elements, such as fluorine and oxygen have been
isolated. Thete are two oxides, XeOs and XeO.. XeOs reacts with water to give an acidic

solution.
[4 marks]

Question 7
CaO(ag) + HaSO4(ag) = CaSOu4(ag) + H2O()

2H* + 0% — H,O()
[2 marks]
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Question 8§
(a) The basic outline of the experiment is as follows:

® The temperature of 50 mL of an acid, with a known concentration, is measured
in a dry calorimeter.

® 50 mL of a base, with a known concentration, is added to the acid.
When the temperature has stablised, A T(T; — T)) is recorded and calculated.
The mass of the acid and base = 100 g .

e  Calculate the enthalpy of neutralisation using the equation

AH = mass, g X 4.18 J/g/K x AT

If a strong acid and a strong base are used, the AH should be close to —57 k] mol™.
[2 marks]

(b)

Engngy
mi
F)
g
]
i
i

Frogress of reacticn [l mﬂ.tk]
[Total = 3 marks|

Question 9

The solutions listed range from very low pH (brick cleanet, a strong acid) to very high
pH (oven cleaner, a strong base). The other materials are either weak acids or weak bases
or neutral. Red cabbage is the most versatile indicator being able to distinguish between
the strong and weak acids and most of the bases. The other indicators are less useful.
They are all able to distinguish between acids and bases but only some are able to

distinguish strong acids from weak acids or to distinguish a weak base from a strong one.
[3 marls]

Question 10

Arrhenius defined an acid as a substance that produces hydrogen ions when dissolved in
water. He defined a base as a substance that dissolves in water and produces hydroxide
ions. Acid—base reactions are neutralisation reactions.

H'(ag) + OH (ag) — H.0()

His theory could also explain the difference between strong and weak acids but was
unable to explain other observations. For example, some salts are acidic, others are basic
and others again are neutral,

Some compounds whose properties suggest that they are either acidic or basic, but which
do not qualify according to the Arthenius definition. An example is ammonia (NHj) Its
aqueous solution turns litmus blue, it reacts with acids, and displays all the other
properties of a base. :

The Bronsted-Lowry definition is that an acid is a proton donor and a base is a proton
acceptor. An acid-base reaction occurs when a proton is transferred from an acid to a
base. An example is the acetate anion, CH;COQO", that can combine with a proton to
form acetic acid. The Bronsted—Lowry definition is a more general definition and

includes the Arrhenius definition. It does not contradict it.
[4 marks]
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Question 11

(2)

L ol e A B
L

300

Volumeof [
H, (mL)

200

106 H | 51 i | H
0.100 0,200 5,300 0L400

Mass of Me (=)

[3 marks]

b) The largest volume of oas produced would be 316 mL. The smallest mass of Mg to
g gasp g
produce this volume would be 0.31 g [1 mark]

(c) Mg(s) + 2HCl(ag) — MgCla(ag) + Ha (g
#(HCI) = 0.100 x 0.255 = 0.0255 mol
#(Hz) = 0.0255 + 2 = 0.01275 mol
Volume H» = 0.01275 x 24.79 = 0.316 L or 316 mL.

If the mass of Mg is less than 0.31 g (0.01275 mol) then the acid is in excess and the
volume of H; produced will be less than 316 mL. When the mass of Mg is greater
than 0.31 g, the acid is the limiting reagent and the volume of H, will be 316 mL.

' [2 marks]

(d) »(Mg) = 0.135 + 24.3 = 0.005556 mol

Volume H; expected = 0.005556 x 24.79 = 0.137 L or 137 mL. [2 marks]
[Total = 8 marks]

Question 12
(a) CH;COOH(ag) + NaOH(ag) — CH;COONa(ag) + H20()
Reactants: ethanoic acid and sodium hydroxide [3 marks]

(b) The reactants are: CH;COONa(ag) + H.0() — if we look at the net equation:
CH;COO™ + Na(ag) and H" + OH~

The Na' is hydrolysed in the water and combines with OH" to produces a basic
solution, of NaOH. [3 matks]

(c) Acetic acid is a weak acid with K, = 1.86 X 107 and in this case,
bueakacia >>> K that is, the equation to use is

[H =K 7., =+/(1.86x107%)x0.7 =0.0013638 M
pH = —log[H"] = —log(0.0013638) = 2.865 [1 mark]
[Total = 7 marks]




144 Cambridge Checkpoints Chemistry

Question 13
(a) Sulfuric acid, H>SOy, nitric acid, HNOs, and hydrochloric acid, HCJ, ate all strong

acids produced in large quantities. Sodium hydroxide, NaOH, is a strong base.
[2 marks]

(b) The reaction of a strong acid with a strong base release a large amount of energy.
The reaction of a strong base with a weak acid or the reaction of a strong acid with a
weak base produces less energy. This is one reason why chemical spills should be
neutralised by adding either a weak base or a weak acid. Secondly if an acid spill is
neutralised by a weak base any excess base will be only weakly basic. Similarly spills
of a base should be treated with a weak acid. Solids such as sodium hydrogen
carbonate, NaHCO;, or disodium hydrogen phosphate, Na,-HPO,, can be used to
clean up spills of either acids or bases. Both compounds are amphiprotic and will
react with either a base or an acid.

NaHCOs(s) + HCl(ag) — NaCl(ag) + H2O() + CO2(9)
NaHCO;(s) + NaOH(ag) — Na;COs(aq) + HO()
NazHPO.»;(J‘) =+ HCI(G@’) et NaCl(ag) e NaHzPOa,(ag)
Nagl-IPO4(.r) + NaOH(aq) e Na3PO4(aq) o HZO(é
An excess of either solid could be swept away once the neutralisation is complete.

[4 marks]
[Total = 6 marks]

Question 14

The earliest definition of an acid referred to their properties, such as sour taste and
reaction with bases. In the late 18th century Lavoisier thought that all oxides would
dissolve in water to give acidic solutions and suggested that ‘all acids contained oxygen’.

sulfur dioxide + water — sulfurous acid

However, some oxides were neutral or dissolved to give basic solutions. Also some acids,
such as HCl and HCN, did not contain oxygen. Davy then suggested that ‘all acids
contained hydrogen’. This was later changed to ‘all acids contain replaceable hydrogen’.
Acids react with some metals, such as zinc, to produce hydrogen.

zinc + acid — zinc salt + hydrogen
Arrhenius noticed that electrolysis of acids gave hydrogen at the cathode (negative
electrode). He suggested that ‘when dissolved in water, all acids ionise to form hydrogen
ions’.

HQSO4(aq) + HzO(/j — HSO{(&'QI) + I—I30+(ag)

Also, according to Arrhenius strong acids were completely ionised in water whereas weak
acids were only partially ionised. Arthenius suggested that when a base dissolved in
watet, hydroxide ions were formed. Acid-base reactions involved hydrogen ions reacting
with hydroxide ions to form neutral water.

Atrrhenius could not explain why catbonates and some metal oxides are basic. Often,
they do not dissolve in water but they do neutralise acids.

CUO(J') + HQSO;;(J{‘?) haas CuSO4(zzg) + HzOU)

The Bronsted-Lowry theory defines acids as proton (H*) donors and bases as proton
acceptors. Acids give up a proton and become a conjugate base.

H,804(aq) + H:O() — HSOy (ag) + H>0"(ag)
acid base conjugate base conjugate acid
This theory also more clearly defined the role of the solvent and explained why salts can

be neutral, acidic or basic. [5 marks]



Answers — Module 6: Acid/Base Reactions 145

Question 15

An acid-base indicator has a different colour/s depending on the pH of the solution to
which it is added. Indicators are weak acids of a certain colour whose conjugate base has
a different colour. The red molecule HIud is the weak acid and proton donot. The green
Ind is the conjugate base and proton acceptor. In water the following reaction occurs:

HInd(ag) + H:O() = H;0"(aq) + Ind (aqg)
red green
Addition of acid (H;O(ag)) will shift the equilibrium to the left and the solution will turn
red. Addition of base (OH") will temove H;O" ions, forming water. The equilibrium will
shift to the right, and the solution will turn green as the concentration of Ind" ions
increases. [4 marks]

Question 16

(2) Red cabbage is a matetial that contains a natural indicator. The coloured parts are
cut into very small pieces and placed in a beaker with some water. The water is
boiled until the liquid is coloured. After cooling, the solid material is removed and
the liquid retained. [2 marks]

(b) A known acidic solution and a known basic solution are placed in separate test
tubes. A few drops of the natural indicator solution is added to each test tube. The

colour of each test tube is noted. [2 marks]
[Total = 4 marks]

Question 17
(a) HClis a strong acid and is completely ionised in solution.
pH(HCI) = —log10(0.35) = 0.46 [1 mark]

(b) (i) The equation for the reaction is

Ba(OH)z(aq) + 2HCl(ag) — BaCla(ag) + 2H2O()) [1 mark]
(i) »(HCI) = 0.0500 x 0.350 = 0.0175 mol

n(Ba(OH),) = 0.050 x 0.025 = 0.00125 mol

#(HCI) teacting = 2 x 0.00125 = 0.00250 mol

#n(HCI) remaining = 0.0175 — 0.0025 = 0.0150 mol

«(HCI) = 0.0150 + (0.050 + 0.050) = 0.15 mol L™

pH =0.82 [3 matks]
[Total = 5 marks]

Question 18

(2) Arrhenius suggested that acids ionise in watet to produce H(4g) ions and bases
produce OH (4g) ions. The reaction in the glass tube is between the gases NH; and
HCI and does not occur in aqueous solution. [1 matk]

(b) The reaction of NH; with HCl involves the transfer of a proton from HCI to NH;,
which is the Bronsted—Lowty definition of an acid-base reaction.

NH;(g9) + HCl(9 — NH4* + CI- [2 marks]

[Total = 3 marks]
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Question 19

Al +3HCl - AlCI, +-§—H2

A
Moles gas = G
24.79

=6.05x10"mol H, gas
3 .. 2 .
H:AL= 221 2%6.05%10”mol Al

2
Mass Al =nx M = 3 x6.05x107 x26.98 =0.109 g (3 sig. figs)

6.2 Using Bronsted—Lowry theory

Question 20
pH = -log(7.1 X 10 = 4.15 and pOH = 14.00 — 4.15 = 9.85
[2 marks]

Question 21
(2) 2H'(ag) + COs* (ag) — H:O() + CO»(9)

(b) 6H'(ag) + 30* (ag) — 3H,0()

Question 22

[4 marks]

[1 mark]

[1 mark]
[Total = 2 marks]

Species that can either act as an acid by donating a proton, or act as a base by accepting a

proton are amphiprotic (amphoteric).

When acting as an acid HPO,* donates H" as follows.
HPO . (ag) + H0() = PO (ag) + H;O* (ag)

When acting as a base, HPO4* accepts H" as follows:
HPO+*(ag) + H2O() = HoPO4 (ag) + OH (aq)

Question 23
Pair 1: HSO4/SO4*; Pair 2: HPOZ /PO

Question 24

(a) AsaB-L base: HSO4 (a9)+ H2O() — HzSO4(aq) + OH (aq)

(b) AsaB-L acid: HSO4 (ag)+ H:O() — SO+~ + H:O"(ag)

Question 25
pOH = —log(0.0026) = -2.59; pOH = —(-2.59) = 2.59
pH =14-259 = 11.41

Question 26
(a) H]=10*"=72x10°M

(b) The soil is basic is pH > 7

[3 marks]

[2 marks]

[1 mark]

[1 mark]
[Total = 2 marks]

[1 mark]

[1 mark]

[1 mark]
[Total = 2 marks]
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Question 27
To test it is amphiprotic; it should act as an acid and a base, . add acid and obsetve for
sign of neutralisation, such as heat. Measure pH, then add another base and again

measure the pH; pH should increase.
[2 marks]

Question 28
(a) [H] =10 =4.0x 10" mol L™ [1 mark]

(b) Hydrogen sulfide is the weakest acid as it has the highest pH and therefore lowest

concentration of hydrogen ions; this indicated less ionisation of the H»S molecule.
[3 marks]
[Total = 4 marks]

Question 29

(a) According to B-1, H,S donates a proton: HoS —H" + HS” [2 marlks]

(b) HoS + HO —H;O™+ HS™; Acid/base pair: H.S/ HS™ and H;O" / H.0 [3 marks]
[Total = 5 marks]

Question 30

(a) [H7=10""=32%x107°M [1 mark]
(b) new [H'] = [H*]3.2 X 10%=10/1000 = 3.2 X 10*, pH = 3.5 [1 mark]
[Total = 2 marks]
Question 31
(2) Sodium carbonate is the stronger base because a higher pH indicates a greater
concentration of hydroxide ions. [2 marks]
(b) pH =9 this [H] = 107, [OH] = 107*/10° = 10° M [1 mark]
(c) CO5* [1 matk]
[Total = 4 marks]
Question 32
¢ = ny; 0.520 X 30 = 0.100 X » = 156 mL
[1 mark]
Question 33
(a) [H]=10"+[OH]=10"/10"=10"M [1 mark]
(b) H'(ag) + OH (ag) ~H.0() [ masi

(c) moles of H" = moles of OH = 0.10 mol/L x 0.200L = 0.020 mol;
"=0.02/0.40 = 50 mL [l mark]
[Total = 3 marks]

Question 34

Amphiprotic nature, i.e. acts as an acid and a base:

As a B-L acid: HCO3 (ag)+ H20() — HaCOs(aq) + OH (ag)

As a B-L acid: HoCOs (ag)+ H2O() — CO;5” + Hz0™(ag) [2 marks]
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Question 35
(2) »(HCI) = 0.050 x 0.010 = 5 x 10 mol
final volume of solution = 4.95 + 0.05 = 5.00 L

o . 5 107t
¢(H™) in diluted solution = “5.00 - 00001 and pH = 4.0 [1 mark]

(b) Methanoic acid and fumaric acid will lower the pH of foods with the following results:

¢ Atalower pH oxidation of the food is prevented or at least slowed.
*  The growth of many bacteria is inhibited as the pH decreases.
*  The flavour of many foods is imptroved. [2 marks]

(c) Since the three acids all have the same concentration the variation in pH of the
three solutions must be related to the strengths of the acids. HCl is a strong acid
and is completely ionised in solution and has the lowest pH. Methanoic acid and
fumaric acid are both weak acids and only partially ionised in solution. Methanoic

acid is a weaker acid than fumaric acid, is less ionised and thus has a higher pH.
|2 marks]
[Total = 5 marks]

Question 36
Solutions of sodium hydrogen sulfate, NaHSOs, and sodium dihydrogen phosphate,
NaH,PO,, are acidic because the ions HSO,™ and H,PO,™ are partially ionised in solution.

HSOy (ag) = H'(ag) + SOs*(ag) and HoPO4(ag) = H'(ag) + HPO (ag)
From the pH values HSOy™ is a stronger acid than HoPO,™ since more H* is produced.

The solution of disodium hydrogen phosphate is basic because the ion HPO,> is a weak
base and reacts with water to produce OH™ ions.

HPO.*(ag) + HO() = HoPOy (ag) + OH (ag)

[3 marks]
Question 37
() Ch(aq) + H:O() = HOCl(ag) + HCl(aq)
OCI'(ag) + H.O() = HOCl(ag) + OH (aq) [2 marks]

(b)  From the equations in part (a) addition of Cl, will lower the pH of the pool since
HOCl and HCl are acids. While addition of NaOCl to a swimming pool will raise

the pH of the water since OH is produced. [2 marks]
[Total = 4 marks]

Question 38

#(HCI) = (0.120 x 0.07500) = 9.00 x 10~ mol

#(NaOH) = (0.200 x 0.025) = 5.00 x 10~ mol

NaOH(ag) + HCl(ag) — NaCl(ag) + HO()

mol ratio NaOH:HCI = 1:1

HCl is in excess by (9.00 x 10~ — 5.00 x 107 = 4.00 x 10°mol
Final volume of solution = 75.00 + 25.00 = 100.0 mL

[H:0"] = (4.00 x 10~ mol) + 0.100 L = 0.0400 mol L™

pH = —-IOglo{Hso-'] = —IOglo 0.0400 = 1.3979

= 1.40 (correct to 3 significant figures.)
[3 marks]
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Question 39

This experiment is a suitable model for the formation of acid rain. There are a number of
features in common with the industrial process. When sulfur present in fossil fuels is burnt
sulfur dioxide is formed:

S(s) + O2(9) — SO2(9)
The sulfur dioxide then reacts with water (the rain) to produce an acidic solution (the acid
rain):
SOz(g) + HQO@ - HzSO:s(ag’)
The effect of the acid rain is shown by the change in colour of the litmus paper.
Some of the limitations of the model are
e it is much smaller in scale.

* it does not simulate the real effects of acid rain, e.g. environmental damage.
* it does allow for the release of sulfur dioxide from natural sources.

[5 marks]
Question 40
Model the behaviour of acids and bases.
Acids Bases
Strong qud concentrated, HA Sirong and difiure, HA Stranp and coneeptreted, NeOH Seraug and dilre. NeOH
H*H* A” H* AT H*H* | H* A~ H*A”  H* H* | Na* Na* OH Na* OH | Na* OH™
ATATHYAT A HY AT Na*:OH- OH  Na' OI-I: e
H*A H+H*A H* AT H-TAT AT AT | OH Na* Na*Nat OH | o=
- = H+ Na* Na*
A~ H*H*H* A~ H*A
Na*
Wk and el ELA Pzt i dilnte, FLA Vel conceaioated Naz €0 TP ack g et N0
= = » - | Na* COs” OH-N22CO; Na* | Na*
H‘HA_ i _HA & B :ﬁ ‘Q‘H+ HA H" A | \,cOs COs Na*NaxCOs | OH-  NaCOs
HA A" HAA  H* B N2CO; Na* COs~  COs™ N22COs
- HA H* A N2COs Na*  COs~ Nar | Na*
HA H*H* A A -
- CO - NazCO NRzCOS CO} MNa NaCOs
HA HA AT H* HA o 3 K
[10 marks]
6.3 Quantitative analysis
Question 41
(a) 2NaHCO:s; (ag) + HaSOu (ag) — NaxSOu (ag) + 2H2O () + 2CO2 (9 [1 mark]

(b) The burette may have been washed with water and not with the
sulfuric acid. This would have diluted the acid leading to a larger titre. Subsequent
titrations would not be affected since now the diluted acid had been removed.
Too much alkali may have been delivered from the pipette, hence more acid
would be required. [1 mark]

(c) Average titre = (21.45 + 21.54 + 21.51) + 3 = 21.50 mL
n(H2SOy) used = 0.02150 x 0.254 = 0.005461 mol
From the equation #(NaHCO3) = 2 x #(H»SO4) = 0.01092 mol

«(NaHCO3) = 0.01092 + 0.0200 = 0.546 mol L™ [3 marks]
[Total = 5 marks]
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Question 42

(2)

(®)

©

The following steps should be used to prepare a standard solution of potassium
hydrogen phthalate, KHCgH4Os.

* Dty a sample of KHCsH4O4 at 120 to 130°C in an oven for 60 minutes.

*  An appropriate mass of the solid is weighed into a clean dry beaker.

* A small amount of distilled water is added to dissolve all of the KHCsH4O..

*  The solution is transferred to a 250 mL volumetric flask.

*  The beaker is washed several times to transfer the remaining solution to the
volumetric flask.

*  Distilled water is added to the flask until the bottom of the meniscus just
reaches the graduated line on the neck of the flask.

* A stopper is placed in the flask which is then shaken to thoroughly mix the
contents. [3 marks]

To be a primary standard a substance should:

°  be areadily available inexpensive solid with a high degree of purity (>99.9%).

®  have a known composition (formula) which does not change when the solid is
exposed to the air (i.e. it should not react with any of the components of air).

®  have a high molecular weight to minimise weighing errors. [2 marks]

n(KHCsH4Oy) required = 0.25 x 0.15 = 0.0375 mol

mass (KHCsH,O4) = 0.0375 x 204.2 = 7.658 or 7.66 g [2 marks]
[Total = 7 marks]

Question 43

(2)

MgCOs(s) + 2HCl(ag) — MgClz(ag) + H20 () + CO:(g)
[1 mark]

(b) Boiling the liquid will remove any CO; produced by the reaction. CO; is an acidic gas

(©)

(d)

(©

®

which would otherwise react with NaOH.

[1 mark]
#(HCI) added initially = 0.0200 x 0.996 = 0.01992 mol

[1 mark]
#(INaOH) needed to react with excess HCI = 0.02239 x 0.11 = 0.002463 mol
HCl(agq) + NaOH(aq) — NaCl(ag) + H2O(J)
#n(HCI) remaining = #(NaOH) = 0.002463 mol

[1 mark]
#(HCI) reacted with tablet = 0.01992 — 0.002463 = 0.01746 mol
#n(MgCO:3) in tablet = 0.01746 + 2 = 0.008729 mol
mass MgCO; = 0.008729 x 84.3 = 0.7358 or 0.746 g

[2 marks]
% MgCO:s in tablet = (0.736 + 0.747) x 100 = 98.5%
This value is less than that claimed by the manufacturer.

[2 marks]

[Total = 8 marks]



Answers — Module 6: Acid/Base Reactions 151

Question 44
(a) Na.CO; + 2HCl — 2NaCl + H:O + CO:;
n(Na,CO3) = 2.73/106 = 0.0258 mol; (Na,COs)= 0.0258/0.250L = 0.103M
0.103 x 25.0/1 = ¢ x 20.52/2 = 0.251M [1 mark]

(b) diagram of a burette above conical flask, hydrochloric acid in burette, sodium
carbonate and indicator in the conical flask. (use pencil and ruler) [4 marks]

(c) Use a pipette. Rinse with about 5 mL of the solution to be measured, discard rinsing.
Use a pipette bulb to fill. When filled hold vertically and ensure there are no
bubbles, bottom of the meniscus is on the mark and no drops are outside the tip.
After emptying, hold the tip to the surface for 5 seconds as the tip has been calibrated

to contain remnant solution. [2 marks]
[Total = 7 marks]

Question 45
(a) sodium carbonate; sodium hydroxide is hygroscopic (it absorbs water from the ait)
[2 marks]

(b) Ensure all solution enters the flask, by using a funnel, and the funnel and the beaker
are to be rinsed well with distilled water from a wash bottle and all the washings are
to be added to the volumetric flask. [2 marks]

(c) distilled water, as water is added to it anyway. [1 mark]

(d) The carbonate is to be dissolved before adding to the flask, then insert stopper and
invert and switl several times. [1 mark]

*—i— [1 mark]
Ripmee [Total = 7 marks]

©

Question 46
Set up a concentration table:

Concentration, mol L'! CH;COOH H* CH,COO
Initial 0.090 0 0.11
Change —x +x +a¢
Equilibrium 0.090 — x x 0.11 + x

In buffers, x will be very small, as the conjugate base is already present, hence
dissociation is suppressed. - at equilibrium (0.090 — x) = 0.090
and also (0.11 + x) = 0.11
K,=[H;0"[CH;COO7]/[CH;COOH] = x (0.11 + %)/ (0.090 — x) = x(0.11)/0.090 = 1.8
x 107
Solve for x: 0.11x = (0.090)( 1.8 X 10™)
»x=18x10° M = [H"];
pH = -og(1.8 X 107)= 4.82 = pH of the buffer
[2 marks]
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Question 47

As benzoic acid is a weak acid, [H;0"] must be calculated using a reaction table:

CsH:COOH it H CeH:COO-
Ll
Initial 0.050 0 0
Change - +x +x
Final 0.050 — x x x

The equilibrium constant K, is given by:
¢ = [H"][C,H,COO] _ x?
‘ [C,H,COOH] 0.050 — 2

As pK,= —logiK,, K. = 107 and is very small, 0.050 — x = 0.050 and hence:
= 0.050 X 102 or x = 1.78 X 10> M = [H"]
Hence, the pH is given by: pH = ~logio[H"] = —logis(1.78 % 107%) = 2.75
[2 marks]

Question 48
(a) As formic acid is a weak acid, [H;O" must be calculated using a reaction table:

HCOzH Hzo ‘—_‘l H30+ HCOz‘
Initial 0.20 Large 0 0
Change —x Negligible +x +x¢
Final 0.20 —x Large x x
The equilibrium constant K, is given by:
_[HO]HCO, |~
5 [HCO,H] 0.020 —x
As pK, = —logieK,, K. = 107" and is very small, 0.20 — x = 0.20 and hence:
5*=0.20 X 1037 or x = 5.8 X 10~ M = [H;0%]
Hence, the pH is given by:
pH = —10g|[}{H30+] = _’1Og10(5.8 X102 =273 [2 marks]
(b) HCOOH(ag) + NaOH(s) — HCOO™(aq) + Na'(aq) + H.O() [1 mark]

[Total = 3 marks]

Question 49
Ca(OH); — Ca®* + 20H7; ~ [OH] =0.002M;
P(OH) = —og(0.002) = 2.7, pH = 14 -2.7=11.3
[1 mark]
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Question 50

One example of a buffer in a natural system is the buffer in human blood, which has a
narrow functioning pH range. The ideal pH for blood is 7.4. The pH is maintained by
H.CO3/HCO5™ pair by the following equation:

H>COs(ag) = HCO5 (ag) + H;O™

This buffer reaction reduces the effect of pH changes in the blood which may be
introduced from acidic ot basic food and drink consumed, by increasing the
concentration HsO* or OH™ to maintain the optimum pH of 7.4 for proper cell
functioning. Similarly, the catbon dioxide waste in the blood is involved in a similar
reaction, where: CO2(g) & COx(ag), thus forming carbonic acid and then the buffer
equation as above, to maintain blood pH.

[3 marks]

Question 51

Indigenous Australians did not knowingly analyse acids and bases, but rather used
neutralisation techniques for treatment of ailments, food preparation, limited farming (as
they are predominantly hunters and gatherers) and other aspects in theit everyday lives.
Including: utilising saps from plants to neutralise animal stings, including wasps, ants and
marine stingers.

There are ethical guidelines to prevent industry from exploiting the popularity of bush
food, which include seeking bush food knowledge from indigenous Australian. Research
with organisation such as CSIRO and Aboriginal elders is ongoing, and it includes testing
the pH levels of bush food to encourage healthy consumption of bush food, such as
testing for vitamin C in bush fruit.

Industry: Testing of effluent — both gases and liquids — to ensure meeting EPA
guidelines. Such as neuttalisation by calcium oxide (lime) of sulfuric acid from the
effluents discharged from the electroplating process. Following analyses of the acid
concentration, sufficient calcium oxide is added to achieve neutralisation.

[4 marls]

Question 52
(a) NaOH(ag) + HCl(ag) — NaCl(aq) + HO()
a(HCI) = 0.1034 x 0.025 = 2.585 x 10~ mol
mol ratio NaOH:HCI = 1 : 1, hence #(NaOH) = 2.585 x 10~ mol
«(NaOH) = »/» = 2.585 x 10°/0.02575
=0.1004 M (correct to 4 significant figures) [2 marks]

(b) (i) Average titre = (16.60 + 16.50 + 16.55)/3 = 16.55 mL
#(NaOH) = 0.1004 x 0.01655 = 1.66162 x 10~ mol
mol aspirin: NaOH=1:1, hence n(aspirin) = 1.66162 x 10~ mol
m(aspirin) = 1.66162 x 107 x 180.154 = 0.2993 g
= 299.3 mg (cotrect to 4 significant figures) [3 marks]

(i) Aspirin contains two functional groups, an acidic group, —COOH, and an ester
group, ~OCOCHS, and is a polar molecule. Although the first of these groups
can form hydrogen bonds with water molecules the ester group and the rest of
the molecule, —-C¢H.—, do not bond well to water molecules. Hence aspitin does
not have a high solubility in water. The addition of ethanol would increase its

solubility over that in water only. [1 mark]
[Total = 6 matks]
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Question 53
(a) The mistake made by the student was to blow through the pipette. The pipette is
manufactured to deliver an exact volume when left to drain without shaking or
blowing to remove the last drop. The student should hold the pipette vertically over
the conical flask and allow it to drain as completely as possible without assistance.
[2 marl)

(b) In step 2, rinsing the pipette would wet it on the inside and therefore dilute the
sodium carbonate solution. In step 3 the bottom (or centre) of the meniscus of the
sodium carbonate solution, not the sides, should have been on the gradation mark
of the pipette. A smaller volume of solution than the stated pipette volume would be
transferred to the conical flask. In both cases less hydrochloric acid is needed to
react with the sodium carbonate solution resulting in a smaller titre. When this figure
is used to calculate the concentration of hydrochloric acid the result will be greater
than the actual concentration. [3 marks]

[Total = 5 marks]

Question 54
(a) #»(NaOH) = (50.00 x 1.00) + 1000 = 0.0500 mol [1 mark]

(b) »(NaOH) remaining = »(HCI) = (27.60 x 1.00) + 1000 = 0.0276 mol
n(NaOH) reacting with CO, = 0.0500 — 0.02760 = 0.0224 mol
n(COy) reacting = #(NaOH) + 2 = 0.0224 + 2 = 0.0112 mol
Mass COz = 0.0112 x 44.01 = 0.493 ¢
% purity of dry ice = (0.493 + 0.616) x 100 = 80.0% [4 marks]
[Total = 5 marks]

Question 55

(2)
H
o H 5
0 H 0
T N\ No—n
H/O_C%o "

[1 mark]

(b) A pH electrode is calibrated using solutions of known pH. The electrode is placed
in a titration flask containing the citric acid solution. The pH electrode is connected
to a pH meter interfaced to a computer, which displays pH changes and allows the
equivalence point of the titration to be determined. A graph similar to the one below
is often obtained.

A

.
volume of alkali added [2 marks]
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(c) The equation for the reaction of citric acid with sodium hydroxide is
C(,H};O?((Zq) + 3NaOH(ag) — Q,HgO;Nas(aq) + 3H20(/)

n(citric acid) = (25.00 x 0,100) + 1000 = 0.00250 mol
#(NaOH) = 3 x 0.00250 = 0.00750 mol

¢((NaOH) = (0.00750 = 41.50) x 1000 = 0.181 mol L™ [4 marks]
[Total = 7 marks]

Question 56

(a) The acetate ion undergoes a hydtolysis reaction with water to produce hydroxide
ion. Hence the solution will have a pH greater than 7.

CHaCOO_(ng) =+ HgO(,Z) = CH;COOH + OI—I_(ag) [2 marks]

(b) The addition of sodium acetate to acetic produces a buffer solution. The pH of the
resulting solution will be determined by the following equilibtium

CHaCOO_(ag) 4 Hso+(dq) = CH;COOH + HzO(Z)

When a small amount of NaOH is added to this solution it will react with some of
the H30"(4g) and thus reducing their concentration. This will cause the equilibrium
above to move to the left, producing H;O"(ag) and partially opposing the change.
The change in [H3O"] is thus minimised as is the change in pH. [3 marks]
[Total = 5 marks)]

Question 57
(a) Water should be used to tinse the conical flask as this will not change the number of
moles of Na CO, placed in it. [2 marks]

(b) HCl + NaOH — H,O + NaCl

#(NaOH) = ¢I/

= 0.250 x 0.0295

=755 X 102
- #(HCI) = 7.375 X 107 after reaction with seashell
Otiginal HCl = ¢/

= (0.200 % 0.0500 = 0.0100 moles
+ HClused =0.0100-7.375x 107
= 2.625 X 107° moles used

2HCl + CO;” — HzO + COz + 2CI°
HCl: CO? =2:1
2.625%x107
2
=1.3125x10
m=1.3125x10">x60.01
=0.07876 g
_ 0078768 . 100%
0.145 ¢
=54.3%

5nCOY =

[4 marks]
[Total = 6 marlks]
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Question 58
(@ ¢= iz, =n=cl/
%4

=(0.5020x0.02500

=(.01255 mol
Molar ratio 1: 1
0.01255

0.01930

(b) Because the acetate ion is a weak base, it has accepted a proton from the water
resulting in production of hydroxide ions. Therefore, the solution has a pH > 7.

CH;COO™(ag) + H:O() — CH;COOH(ag) + OH (aq) [2 marks]
[Total = 5 marks]

ﬁacetic

=0.6503 mol L"* [3 marks]

< Cnpon T
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Multiple-choice questions

Question Answer

Comments

:

10

11.

12.

B

D

C=C groups ate numbeted from the first C atom of the group
with that C atom having the lowest possible number.

The longest chain has six C and all single bonds, hence hexane,
1-ethyl and 1-methyl on the third carbon, which are placed
alphabetically in the name.

Double bond in pentene can be in two positions: 1-pentene and
2-pentene. In addition, three methylbutenes: 2-methyl-1-butene,
2-methyl-2-butene and 2-methyl-3-butene. The methyl position
does not change. Not possible to achieve a dimethyl propene.

(A), (B) and (D) are alkanes [formula C,H,+2] and Cis an alkene
[formula C,Ha,).

With the addition of each carbon, two hydrogens are added;
hence the molecular mass increase by 14; for all alkanes, alkenes

and alkynes.

Irrespective of the shape of the structural formula presented, the
basis of naming is counting the longest chain, . hexane, and then
allocate the lowest numbers possible for the function group/s.
In this question, 2 X methyl function groups, 1 on Cs and 1 on
Ce.

Same as QG, but in this case, two double bonds, the chain with
the two double bonds is the longest; allocate the lowest
numbering system to the double bond first, then the two methyl

groups.

Isomers have the same structural formulae, but with different
arrangement, branching or functional group. Butanoic acid:
C4HgzOs and 2,3-butanedjol: C.H 1005,

In D, the double bond can on first C and Cl on third C.
Alkyne’s formula is C,Hz,_» formula CsHe-s- 2.

Three carbon single bonded chain, hence propane, amines have
NOsat the end of chain, with a suffix added to the alkane, with
—¢ dropped. Amine is Cy and methyl on Co.

A, C and D are not isomers but identical.
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13

14.

15.

16.

17.

18.

19.

20.

21.

22.

24.
25.

26.

27.

28.
29.

D

=

1° alcohols: OH attached to one alkyl- usually at the end of the
chain; 2° alcohol: C containing OH is attached to one other alkyl
group, 3° alcohol: C containing OH is attached to two other alkyl
groups.

I: carboxylic have two O atoms, and II has an extra H atom —
CsH;; 0.

Longest chain is a heptane with two methyl groups on Cs; and
C..

I and II are carboxylic acids, I has Cl atom in C4 and II has Br
atom on Ca.

The longest chain with the double bond (functional group) has
six C, between C; and Cs, hence 1-hexene. I atom on C; and two
methyl groups on Ci.

Four C atoms and single bonds, butane. Allocate the numbers
alphabetically, hence chloro- has the lower number to —fluoro.

Same system as Q18 but use a prefix of di— before the naming
of two halogens.

W and X have the molecular formulae with Cl and F in different
positions.

This is the common name for the monomer from which PVC
polymer is produced.

Carboxylic acids have two O atoms —COOH at the end of the
chain, in addition to 10 H atoms.

The allocations of the numbers with the multiple halogens such
as in this compound has to ensure the lowest numbers are used,
hence —fluoro has three atoms so is on C; and is given a prefix
of tri—.

As Q23.

Alkanes are saturated and hence H atoms are removed and
substituted to add the Cl.

Alcohols are polar and hence have the highest BP. (D) is also
polar, but the two F atoms produce a net negative dipole, hence
methanol’s BP is higher.

The formula for alkanes is: C,Hz,+ 2, hence (A).
As Q27.

Increased surface area and increased number of C increase the
BP. Hence, 1T and IIT will have a higher BP. I could also be
higher as it has a greater surface area.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43

45.

46.

47,
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For water to boil, the temperature needs to be raised by 80°C.
Energy required to boil water = 0.250 X 4.18 X 80 = 83.6 k].
0.1 mol is supplied, multiply by molar heat of combustion for
each hydrocarbon:

methane = 88.9 kJ mol™! and butane = 287.4 kJ mol™

Test 1 differentiates between saturated and unsaturated (A & C).
Test 2 is a neutralisation reaction with a base to produce Ha(g),
hence C as it has to be an acid.

Polar compounds and short chained alcohols, such as ethanol.
Alkanes are tetrahedral with 109.5°.
Alkynes are linear, hence 180°.

LPG is liquified C; and some C, and is stored under pressure.
Hence design specifications and transportation of tanks are very
strict for safety reasons.

Homologous seties share the same chemical properties, only
their physical propetties change based on the length of the chain.

Volatility is whete liquid hydrocarbons change to gas at the
surface.

Accidents do occur and hence there has to be a safety plan in
place which is to be followed in case of any mishap, to protect
human life and the environment.

If an alcohol does not form, the double bond is between C; and
Cs, hence bromo will fill the two unsaturated C atoms.

If the double bond is between C; and C,, the H and Cl atoms
could be added to either C, hence producing isomers.

Two Cl atoms will substitute two H atoms, hence forming:
1,1-, 1,2-, 1,3-, 1,4-, 2,2- and 2,3-.

Balanced equation: CsHg + 502 —3CO: + 4H-O. If 2 moles of
propane reacts, 6 moles of CO: is produced. Propane is
saturated hence will not react with bromine.

If an alcohol does not form, the double bond is between Cs and
C4, hence bromo will fill the two unsaturated C atoms.

If the double bond is between C; and Cs, the Br atoms could be
in either of the two carbons, and H atom on the other.

Concentrated H>SO, is a dehydrating agent with alcohol, to
produce an alkene which is unsaturated, hence reacts with Br.

Methane is saturated, hence two H atoms are removed to be
substituted by HCL

The hydrogenation will not change the structure of the
molecule, but only change it to being saturated, (D) is a pentene.
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48.

49.

50.

51.

52,

53.

54.

55
56.

57.

58.

591

60.

61.

Only an acid will decompose a carbonate and change blue litmus
red.

Unlike the hydration of alkenes which produce an alcohol,
alkynes are hydrated to form alcohols that spontaneously
tautomerise (reaction which involves simple proton transfer) to
ketones.

An addition reaction can only occur in unsaturated compounds,
in this case by addition of HCL

An alkene will decolourise water W, X is an alkene and are
insoluble. Y is unreactive but is soluble (methanol) and Z
unreactive but is a long chain hence partly soluble (hydrophilic
end).

With the addition of I, an I atom will be added to C; and Cs as
this is the position of the double bond.

When brown brominated water is added to hexane, there will be
no reaction, as hexane has a lower density, it will be the upper
layer. Hexene will react with bromine water, with the lighter layer
of the hydrocarbon on top, hence the two layers.

Ethanol has more bonds to break and reform than methanol and
hence the net energy will be greater for ethanol.

Dehydration of ethanol will produce ethene and water.

When 1 mole of each of the fuels is burnt the energy released is
AH(CHsOH) = 29.6 x 46.1 = 1365 k] mol™;

AH(CsHig) = 47.8 x 114.2 = 5459 k] mol™;

AHC(C4H10) =495 x 58.1 = 2876 kJ mO]wl;

AH.(CsHs) = 50.3 x 44.1 = 2218 k] mol™.

As this is an exothermic reaction, low temperature drives the
reaction to the LHS, hence is incorrect.

Concentrated H2SOy is a dehydration agent; removing a water
molecule from alcohol to produce an alkene, but in dilute form
it is reversed.

n(CsHi00) = 1.50 + 74.1 = 0.02024 mol

Heat energy given to water = 1530 x 0.02024 = 30.97 kJ
Temperature rise of water = = 24.7°C

Final temperature of water = 20.7 + 24.7 = 45.4°C

Molar mass of 1-propanol = 60 g mol™
AH.(C:H,OH) = 2021 + 60 = 33.68 k] ¢

1 mol of glucose produces 2 mol of ethanol and 2 mol of carbon
dioxide.



62.

63.

64.

65.

66.

67.

68.

69.

70.

71,

72.

13,

74.
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. _‘4’.18><250><16.{J_1 Sk
Heat energy given to water = 1000 =16.72 kJ

125.58 — 124.38
#(CH;OH) = ED = 0.0375 mol

AH. = 16.72 + 0.0375 = 446 kJ mol™

1 mol propanol reacts to form 4 mol = 72.1 g water

2021 kJ are evolved when 72.1 g water forms

1530 kJ atre evolved when (1530 x 72.064)/2021 g water forms
=55g

The mol ratio butan-1-ol: carbon dioxide in the equation is 1:4,
thus 2 mol butan-1-ol produce 8 mol carbon dioxide.

n(ethanol) = 1000 + 46.06 = 21.71 mol

Energy released by 1.0 kg ethanol = 21.71 x 1360 = 29528 k].
Distance travelled = 29528 + 2270 = 13.0 km

The amounts of energy per gram of compound are CO =
8.32 kJ; CH¢ = 55.6 kJ; C;Hz = 50.0 kJ and CHs = 52.0 kJ.

Ethanol is miscible in both polar and non-polar substances, as it
is a short molecule with a hydrophilic and a hydrophobic end,
hence forms dipole-dipole bonds with octane.

Molecules of heptan-1-ol have seven carbon atoms, ie. the
formula is C;HisOH. Molar mass of heptan-1-ol =
116.2 g mol™. Heat released by 1.0 g is 4638 + 116.2 = 39.9 k.

Mass of water heated = 39.9 + (4.18 x 25) = 0.382 kg

The equation for the fermentation of glucose is
CeH1204(ag) — 2CHsOH(aq) + 2COs(9)
#(CO;) formed = 2 x (10.3 + 180) = 0.1144 mol
Volume (COz) = 0.1144 x 24.79 = 2.84 L

Hydrogen bonding occurs with the lone pair of e on the
O atom, and the H (which 8") in the water molecule.

The black is soot (C). H:O(g) and COx(g) are also produced as
the product of combustion.

Only a 1° alcohol will produce a carboxylic by the strong
oxidising agent, KMnO4, and the product is an acid, which will
change blue litmus red.

This is esterification reaction, where a water molecule is
produced as the result of the formation of the ester from an
alcohol and a carboxylic acid.

Ethyl pentanoate is an ester formed when ethanol and pentanoic
acid react. It has the formula C;HyCOCH,CHs.
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75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

D

Hydrolysis of an ester would produce an alcohol and a
carboxylic acid. The carboxylic loses the OH and the alcohol 1
H to form a water molecule.

The anionic surfactant has a negative head, the cationic a
position one, the non-ionic is neither and the amphoteric has
both.

Anionic surfactants carry a

negatively charged hydrophilic s~~~ A O

end.
As Q75.

Cracking of petroleum fractions produces ethylene and/or
propene. Reaction of ethylene with H2SO4(aq) gives ethanol but
reaction of propene with HoSOu(ag) gives a mixture of
propan-2-ol and propan-1-ol. Reaction of an alcohol with
propanoic acid will produce the corresponding alkyl propanoate.

As the reactants and the products are volatile hydrocarbons, a
heating mantle would eliminate the use of an open flame from a
Bunsen burner.

Polypropene has the general formula (C;Hg), or (CHy)s..

Number of C atoms is 3z Molar mass = 3» x 14 =
105 000 g mol™ and thus 37 = 105 000/14 = 7500.

Since methyl methacrylate contains a C=C it will undergo
addition polymerisation. —CH; and ~COOCH;3 groups will be
bonded to every second C atom. These will be separated by
a -CHa group.

In step 2, HCl has been removed from C:HiCla, to produce an
alkene; then polymerisation.

Petroleum contains large hydrocarbon molecules. These are
cracked to produce smaller molecules (e.g. petrol) and CoHa.

Since acrylic acid contains a C=C group it is most likely to
undergo addition polymerisation. In A and C, the polymer could
be made from HOCH,CH>,COOH by a condensation reaction.

Since vinyl acetate contains a C=C it will undergo addition
polymerisation. —-H and —OCOCH; groups will be bonded to
every second C atom. These will be separated by a —CHz— group.

An unsaturated hydrocarbon such as chloroethene is an ideal
monomer to form PVC.

Lactic acid contains ~OH and —COOH groups and will undergo
condensation reactions to form the polymer. When 1000
monomers react in this way, 999 ester links will be formed, and
999 molecules of water will be eliminated. The molar mass of
lactic acid is 90 g mol™ and that of the polymer will be (90 x

1000) — (999 x 18) ~ 72 000 g mol™.
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89. A For a condensation reaction to occur, two functional groups
react to form a new group with the elimination of a small
molecule, usually water.

90. C Cellulose will react with watet to form glucose.
(CsHi19Os), + #H20 —> #CsH 1204
Water is eliminated from ethanol to form ethylene in a
dehydration reaction.

91. D This condensation polymer tresults from the reaction of -OH
and -COOH groups. To form each ester link, one functional
group loses OH and the other loses H (to form water, the other
product.

92. B Biopolymers are produced by living organisms and are usually
easily decomposed by bacteria in the environment. Polymers
made from petrochemicals are more difficult to biodegrade.

93. D Styrene is an unsaturated compound and can act as a monomet
for addition polymerisation. CoHy is reacted with benzene to
form ethylbenzene, which in turn is reacted with S to form
styrene and HS.

94. A Condensation and dehydration requitre the elements of water to
be removed. Esterification is the reaction of an acid with an
alcohol. This resin was produced by addition polymerisation.

9.5 C In an addition reaction, a C=C is broken and replaced by two
single bonds. (D) is an esterification reaction.

96. D From the label, the cup is made from a naturally occurring
polymer found in plants. (A), (B) and (C) are man-made
polymers, respectively polyethylene, polystyrene and polyvinyl
chloride. (D) is cellulose, a naturally occutring polymert.

97. D The —~OH and ~COOH groups in the monomers will react to
form ester groups (-O-CO-) in the polymer. (A) does not
contain ester groups. (B) is not a polymer. (C) contains an estet
group but also a peroxy group.

98. D In this nylon, there are six ~CH>— groups between each NH
group and four —CHp— groups between each C=O group.
Condensation polymerisation of the monomers in (D) will
produce this result.

99, C Screwdriver handles need to be rigid for a firm grip, polystyrene
is 2 tough polymer with high impact strength.

100. D The double bond is between Cy and C,, hence allowing the third
C to become a methyl group.

101. B As Q100
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Free-response questions

7.1 Nomenclature

Question 1
H 0
' ) J" g T e |('! s
H (I: NH2
H
[1 mark]
Question 2
(a) The two compounds are trimethylpentane and methylheptane. Isomers have the
same molecular formula but diffetent structures. [2 marks]

(b) Benzene is not an alkane. Alkanes have the general formula C,H, - .. Benzene

belongs to a group of compounds that have the general formula C,Ha, .
[2 marks]

(C) C?I"‘Im@ 2 1102@ — 7(:02@ =+ SHQO(Z) [2 marks]
[Total = 6 marks]

Question 3
(a) B is an alkene. [1 mark]

(b) H CH
[1 mark]
[Total = 2 marks]
Question 4
Heptane has 9 isomers: heptane, 2-methylhexane, 3-methylhexane, 2,2-dimethylpentane,

2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethylpentane, 3-ethylpentane,
2,2,3-trimethylbutane.

heptane 2-methylhezane - 3-methylhezane

4

2.2-dimethylpentane ., . -dimetbylpentane Z2-&-dimethylpentans

aaleARL

3. 8-dimethylpentane F-ethvipentans 2.2,3-trimethylbutang

[2 matks]
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Question 5
An isomer: 1-pentanamine.

u ]
H H H
LN N 1

A0 e e\

L " | 6 | w

H H H
[2 marks]

7.2 Hydrocarbons

Question 6
Ethanoic acid has a higher boiling point than methyl ethanoate due to hydrogen bonding
between molecules. Ethanoic acid is acidic; methyl ethanoate is not acidic.

[2 marls]
Question 7
Ethanoic acid has the higher boiling point due to the hydrogen bonds between
molecules.

[2 matks]

Question 8
C,HsOH has the highest BP, due to the hydrogen bonding between the O atom and the

neighbouring H.
[2 marks]

Question 9

Butane has a higher BP, as the number of C increase, the BP increases.
[2 marks]

Question 10

Alkanes: the boiling point of alkanes is determined by molecular weight. The BP has
almost a linear relationship with the molecular weight of the molecule, i.e. as the
moleculat weight increases, so does the boiling point. Branched alkanes have lower BP to
their straight chain isomers.

Alkenes: follow the same trend as alkanes, but as alkenes have a slightly greater surface
area, their BP is slightly higher as well.

[2 martks]
Question 11
E'thanol, CH;CH;OH Ethene, CH>;=CH

Liquid at room temperature due its polar A coloutless gas with a faint sweetish smell, BP

nature, but volatile. <0°C.

Density is less than 1. Slightly less dense than air.

BP = 78°C. pH —neutral.

pH — neutral.

[3 marks]
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Question 12

Oil and gas pollution occurs when any or all of these take place:

°  drilled rock cuttings (contaminated with toxic drilling fluid) is discharged into the
seas or lands,

*  produced water (contaminated with crude oil or gas) is discharged into the seas,
lands, or injected in underground formation,

®  seismic operations that disturb human and marine lives,

®  hydrocarbon discharge or spillage in the sea or land during hydrocarbon production
and transportation, which can be either accidental or planned discharges,

®  burning of hydrocarbon oil (in cars, trucks, trains, and planes), and flaring of
hydrocarbon gas. Accidental discharges can be because of vessels collision with rock
ot ice, explosion, a blowout of an offshore well, or pipeline leakages. The largest
volume of wastes during exploration is drilling muds and cuttings while the largest
volume of production waste is produced watet.

Despite of these issues, oil and gas production needs to and will continue until research

of alternatives from natural resources has advanced beyond its current status; such as for

the following uses:

®  Biodegradable polymers from plant sources are being used by many countties, but in
third-world countries, polymers sources from crude oil are cheaper to produce and
are a necessary commodity for survival — such as for cartying and storing water, as a
building material etc. In addition, using the land and water to plant crops for
polymer production is unrealistic when these are required for food production.

e  Hydrocatbons sourced from crude oil which is used for transportation and shipping
is the cheapest source; and again, as with biopolymers, biofuels currently are
extremely expensive and inaccessible to many citizens in third-world countries. If
production of such fuels was to cease, significant wotldwide famine would be a
possibility.

®  Electricity production — Despite the availability of alternative power generation
sources, such as solar, wind, hydro-, etc; most countries ate still heavily reliant on
fossil fuel for electricity with very slow transition to the alternatives. Again, the use
of alternatives is not within the reach of third world countries due to the high
expense of establishing the infrastructure.

Hence for the reasons stated, the cessation of oil and gas exploration, production and use

cannot stop suddenly, but only gradually with the introduction of alternatives, otherwise

the socioeconomic effects would be catastrophic.
[6 matks]

Question 13

Ascending order: 1) 2,2-dimethylbutane, 2) 2-methylpentane, 3) hexane

These three hydrocarbons are isomers, i.e. they have the same compound formula, but
are bonded differently. Hexane has the highest BP, as it is a straight chain, hence the
highest surface area.

2- methylpentane is a shorter structure due to the methyl branch, hence has a BP lower
that hexane, but higher than 2,2-dimethylbutane, which has more branches and is shorter

structure compare to the other2 hydrocarbons.
[4 marks)]
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Question 14

The physical properties of substances are due to the influence of intermolecular forces
which occurs between the molecules. These physical properties include: melting point,
boiling point, vapor pressure, evaporation, viscosity, surface tension, and solubility.

Hydrogen bond is the strongest of these attractive forces and they occur between the
hydrogen attached to an electronegative atom of one molecule and an electronegative
atom of a different molecule, such as oxygen.

Ethanol, for example, is greatly affected by hydrogen bonding which causes its liquid
state at room temperature and its solubility in water — due to hydrogen bonding between
the O atom in the OH and the H atom in water.

Dipole—dipole forces occur when dipoles are created by differences in electronegativities
of the atoms of adjacent molecules. The attractive forces are like the H-bonding, but the
magnitude of the dipoles is significantly smaller. The magnitude of these forces
influences the state and boiling point of the substances.

Low moleculat mass hydrocarbons, such as methane, lack strong dipoles, but can
experience dispersion forces between the molecules. Their dipoles are weak and transient
and solely depend on contact between molecules. As each methane molecule has a small
surface area, the advent of this intermolecular force occurring is low, which leads to low
boiling point. As the hydrocarbon increases in length, the surface area increases, and in

turn the boiling point increases.
[3 marks]

Question 15
(2) An addition polymerisation teaction. [1 mark]

(b) The models are useful because they allow the student to simulate the bond breaking
and bond forming that occurs during a reaction, and also to obsetve the structures

in three dimensions giving an appreciation of molecular shapes and bond directions.
[2 matks]
[Total = 3 marlks]

Question 16

Despite having different molar masses, all three molecules have similar boiling points due

to their different structures and resulting intermolecular forces.

*  Butyl acetate has the largest molar mass and therefore greatest dispersion forces, but
it is only slightly polar and has no hydrogen bonding.

e  Butan-1-ol has lower molar mass than butyl acetate and therefore smaller dispersion
forces but it is polar and contains a hydrogen bound to an oxygen. Therefore, it
exhibits hydrogen bonding, resulting in strong intermolecular forces.

e Acetic acid has the lowest molar mass and so the weakest dispersion fotce, but it is
polar and contains a hydrogen bound to an oxygen allowing the formation of
hydrogen bonds between molecules. The presence of a second oxygen in acetic acid
increases the hydrogen bonding compared with butan-1-ol.

Therefore, all three molecules have similar total strength of intermolecular forces and

therefore similar boiling points.
[5 marks]
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7.3 Products of reactions involving hydrocarbons

Question 17
(a) An addition reaction (and a hydration reaction). [1 mark]

(b) Any two of the following reactions (2 marks for each correct example)

* Addition of hydrogen to give ethane C;H; + H, — C,H,.
* Addition of HCl to give chloroethane C;H, + HCl — C,HsCl
* Addition of bromine to give dibromoethane C,;H; + Br, — CoH,Br,.

* Addition polymerisation #C;H; — (~CH—CH,-),. [4 marks]
[Total = 5 marks]

Question 18

(a) Alkanes are compounds of carbon and hydrogen atoms held together only by single
bonds (C-C and C-H bonds). Alkenes also contain carbon and hydrogen atoms but
contain a carbon to carbon double bond as well as single bonds (C=C, C~C and
C-H bOﬂdS). [2 marks]

(b) Bromine can be used to distinguish between an alkane and an alkene. If bromine water
is added dropwise to an alkene the bromine colour will rapidly disappear. When
bromine water is added to an alkane the colour only disappears after a considerable
time and exposure to sunlight.
Bromine can damage the skin, it irritates the throat and eyes and bromine fumes are
vety toxic by inhalation. The hazards of using bromine can be addressed by carrying
out the expetiments in a fume cupboard, which will prevent the bromine vapours

from being inhaled. Also, bromine water rather than liquid bromine should be used.
[3 marks]
[Total = 5 marks]

Question 19

@ H H H

\(_| . C/ \C _ C/ S [2 marks]

AN 2

H H H H
ethene propene
(b) C4Hio(9 — CaHy(g) + CoHg(9)
C4Hi0(9) — C3Hg(9) + CH4(9) [2 marks]

) Ha 7t g

n ( /Cm{j\ )————-—-—«)e- (MCJ“——-C—"—-)

H H a4 5§ ’»

The structure of the polymer (showing three monomer units).

Py g g

)
SRR e
H H H H H [2 marks]

e
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(d) When HBr undergoes an addition reaction with propene, the Br atom can either add
to the end C atom of the molecule or to the middle one.

i g i g
Br—(lj w(I?—H I—I—CEJ —(IS -Br
H H H H
1-bromopropane 2-bromopropane
[2 marks]
[Total = § marks]
Question 20
(a) A: Hexene; B: 1,2-dichlorohexane; C: 2-chlorohexane. [3 marks]

(b) 2-hexene H;CCH=CHCH,CH,CHj; 3-hexene H;CCH,CH=CHCH.CH;  [2 matks]
[Total = 5 marks]

Question 21
The hydrocarbon is propranoic acid, as it reacts readily with NaOH by a

neutralisation reaction and forms an ester with ethanol. It is soluble as it y g g Cp =
dissociates in water and also due to the polar end of the hydrocatbon. IR
[4 marks]
Question 22
(a) [2 matks]
CHs OH
| |
H;C-CH-CH- CH»-CH, H;C-C-CH- CH»-CHjs
I |
OH CH,
3-methyl-2-pentanol 2-methyl-2-pentanol

(b) Adding a strong oxidising agent would distinguish between the two alcohols.
2-methyl-2-pentanol is a tertiary alcohol, and does not react hence orange chromate
solution will stay orange. However, 3-methyl-2-propanol is a secondary alcohol and
with acidified dichromate will produce a ketone and the orange chromate solution

will be reduced to a green colour. [2 marks]
[Total = 4 marks]

7.4 Alcohols

Question 23
(a) 2C;H,OH() + 90,(g) — 6COx(g9) + 8H20() [1 mark]
(b) #(C;H-OH) = 85.0 + 60.1 = 1.414 mol

n(COz) = n(C:HsOH) x 3 = 4.243 mol

Volume CO» = 4.243 x 24.79 = 105.2 L, i.e. 105 L [2 marks]
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Question 24

(a) Metals are better conductors of heat than glass. Less heat will be wasted heating the

container. [1 mark]
(b) Mass methanol used = 35.674 — 34.396 = 1.278 ¢
n(methanol) = 1.278 + 32 = 0.0399 mol [2 marks]
(c) Heat given to water = (4.18 x 300 x 11.8) + 1000 = 14.8 kJ [1 mark]
(d) Heat of combustion = 14.80 + 0.0399 = 371 k] mol™! [1 mark]
(e) Anytwo of: e incomplete combustion of methanol
* heat lost to the air
* heat lost in heating the container
* heat lost from the container [2 marks]

[Total =7 marks]

Question 25
(a) CQHsoH(é + 302@ — 2602@ + 3H20(/}

(b) #(C;HsOH) = 1.0 + 46 = 0.0217 mol

[1 matk]

Heat released for 1.0 g = 0.0217 x 1364 = 29.65, i.e. 30 kJ [1 mark]
4.2 x 950 x (100 — 12
(c) Energy needed to heat the water = = 1 SO(O ) = 351 kJ
Energy from the combustion = (351 x 100) + 40 = 878 kJ;
n#(C2HsOH) = 878 + 1364 = 0.6437 mol
Mass (C2HsOH) = 0.6437 x 46 = 29.61, i.e. 30 g [4 marks]
[Total = 6 marks]
Question 26
1-butanol 2-butanol S FIRE yleien
propanol propanol
H H H H ooy
SLLL | Sl s | 1y
Il{ C\H \H \H © E::‘II i ) \\MH H 9“‘*-[—|OHMH H/f-{ o }_; H
2 H I'{H );“‘H
H A
[4 matks]

Question 27

There are advantages and disadvantages in using ethanol as a fuel. Ethanol can be
obtained by the fermentation of sugars from biomass and waste from food crops and
thus is a renewable fuel. It has a lower greenhouse impact than the other fuels in the
table. Ethanol burns more completely than petrol and produces less soot (carbon) and
carbon monoxide. Engines using ethanol are cleaner. Ethanol produces less energy per
gram than petrol. However, this is partially compensated by ethanol’s higher octane
rating. Engines will run on ethanol-petrol mixtures containing up to 15% ethanol without
modification. However, if higher percentages of ethanol are used the engine must be
modified. Large scale use of ethanol as a fuel or petrol extender will require more arable

land that could otherwise be used for growing crops.
[5 marks]
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Question 28
(a) C:H;OH() + 30:(g9 — 2COx(g) + 3H-O(g)
2C3H15@ + 2502@ — 16C03@ + 18H30® [2 marks]
(b) (i) mass CsHis = 0.698 x 50.0 x 1000 = 34 900 g or 34.9 kg [1 mark]
(i) mass C:HsOH = 0.785 x 50.0 x 1000 = 39 250 g or 39.3 kg [1 mark]

(c) #(octane) in 50 L. = 34 900 + 114 = 306.1 mol
energy from 50 L octane = 306.1 x 5464 = 1.673 x 106 kJ = 1670 M]
n{ethanol) in 50 L = 39 250 + 46 = 853.3 mol
energy from 50 L ethanol = 853.3 x 1364 = 1.164 x 106 kJ = 1160 M] [4 marks]

(d) 5464 k] is released when 1 mol octane reacts.
Reaction of 1 mol of octane produces 8 mol of COs.
5464 k] is released when 8 x 44 g COz is formed.
When 1000 kJ is released (8 x 44 x 1000) + 5464 = 64.4 g CO: is formed.
For ethanol, 1000 k]J is released when (2 x 44 x 1000) + 1364 = 64.5 g COz is

formed. [2 marks]
[Total = 10 marks]

Question 29

(a) CoHuO(,(aq) — 2(:03@ s 2C2H50H(ag) [1 mark]
(b) mass of CO; released = 421.62 -411.84 =978 ¢

#(COy) = 9.78 + 44.01 = 0.222 mol [1 mark]
(c) #(C:HsOH) = #(CO,) = 0.222 mol

mass CoHsOH produced = 0.222 x 46.1 =102 g [2 marks]

[Total = 4 marks]

Question 30
The amount of heat released when 1 mole of a substance undergoes complete

combustion in Os to produce CO: and water.
[1 mark]

Question 31

(a) 3CH:CH,OH + Cr,0++ + 8H' — 3CH;CHO + 2Cr** + 7TH,O; Product is ethanal.
3CH;CH,OH + 2Cr,07* — 3CH;CHOOH + 4Ct* + 11H,O, Product is ethanoic
acid. [2 marks]

(b) Ethanol is oxidised by acidified sodium dichromate reaction, firstly to form ethanal,
and with further oxidation, ethanoic acid is formed. To produce ethanal, excess
ethanol is present to continue to produce ethanal, which is removed to prevent it
from continuing to form ethanoic acid. [2 marks]

(c) Butan-2-olis a secondary alcohol and hence only butanone is produced. The C atom
containing the ~OH group has no H atom, hence cannot continue reacting to

produce further products. [2 marks]
[Total = 6 marks]



172 Cambridge Checkpoints Chemistry

Question 32

(a) The first three alcohols are soluble due to the -OH functional group. Hydrogen
bonding occurs between the alcohols and water molecules, hence the solubility.
Also, the -OH makes the alcohol polar and polar substances are soluble in other
polar substances such as water. Butanol and pentanol are only slightly solubility due
to the increase in the chain length, reducing the effect of the presence of the polar
—OH functional group. [2 marks]

(b) As the number of C atoms increases, the alcohols become less polar, i.e. more non-
polar, and hence less soluble. [2 marks]
[Total = 4 marks]

Question 33

(2)

-

2 1

2+

Temperature (*C)

18 -+ —; o .
0 1 2 3 4 § 6 7
Time {minuies) [3 marks]
(b) From graph, AT = 31.0 - 18.5 = 12.5°C
Mass of ethanol burnt = 236.14 — 235.56 = 0.58 g

Moles ethanol =

Energy released = » X 827 = 0.0126 X 827
=10.420 k]
=10420 ]

AH = mCAT

[3 marks]
[Total = 6 marks]
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Question 34

@) Petroleum Sugar Cane
Fractional‘l'distiliation Crushed sui(ar extracted
Catalytir;L cracking Sugar solu‘tl;on + yeast
Eth‘jl;lene Femi:.tation
H;i_SICE;\L-i—_HgO EthanoiLsolution
ydration
\l« Disti%ation
Ethanol

[5 marks]

(b) Ethanol produced by the cracking of hydrocarbons is consuming a non-renewable
fossil fuel resoutce so is not environmentally sustainable as the fossil fuels have been
created over a long time and cannot be quickly replaced. The mining of fossil fuels is
also detrimental to the environment.

Ethanol from sugar cane is a biofuel produced from sugar cane molasses after the
sucrose has been separated. The sugar cane crop is replanted each year and is a
renewable and sustainable resource, which does not cause destruction of the
environment.

Both methods produce ethanol as a final product which when used as a fuel
produces less CO, when compared to octane. CO; contributes to the enhanced

greenhouse effect so less emissions will be more beneficial to the environment.
|3 marks]
[Total = 8 marks]
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Question 35
(2) 180 S P e e

Boiling 130
point —

(°C) 1 20;=

110 Z

100

90 i

80

70

60 !
1 2 3 4 5 6 7

Mumber of Carbon atoms [3 ma_tks]

(b) BP of butan-1-ol = 118°C [1 mark]

(c) Dispersion forces. The molecules of all of these compounds contain an ~OH group.
Hence there is hydrogen bonding between the molecules for all the alkanols.
However, as the chain length increases (by —CHa— each time) the number of electrons
in the molecule increases and thus there is an increase in the strength of the

dispersion forces. [1 mark]
[Total = 5 marks]

Question 36

n(ethanol) = 0.259 + 46.07 = 5.62 x 10~ mol

Heat released by ethanol = 1367 x 5.62 x 10 k] = 7.69 kJ or 7690 ]

This amount of energy heats 120 g of the oily liquid by 50.0 — 20.0 = 30.0°C
Specific heat of the oily liquid = 7690 + (120 x 30.0) = 2.14 x 10° ] K™ kg™".

[4 marks]

Question 37

(a) Heat of combustion versus molecular mass
3000
2500 3 O Theoretical hear
; R of combustion
2000 ‘/ ’/'_
Heat of i - ® Calculated heat
Combus-[ion IBDC 8 - : L // ,/ 1 - (}fi.‘(‘.l.l'l'lbl,l.‘iﬂ‘()l‘l
(kj mol™) 1 & :
_______ g .5 7
1000 LA
AT
500 A
NNL 1
0

0 10 20 30 40 50 60 70 80
Molecular mass (g mol1)

[3 marks]
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b) The student’s investioation is a valid way to show the link between molar mass and
ga 3

heat of combustion (AH). The expetimental data obtained by the student shows a
similar trend to the trend in the theoretical data (the lines are almost parallel).
However quantitatively the student’s data is inaccurate since there is a large amount
of heat loss to the surroundings. There is a consistent difference between the
experimental data and the theoretical data showing that there is a systematic error.

The other variables have been controlled. [3 marks]
[Total = 6 marks]

Question 38
The major uses of ethanol are

(1) as a solvent

(2) as a supplement to transport fuels

(3) as a source to make ethylene

(4) as part of alcoholic drinks for human consumption

@

@)

©

)

Ethanol is a good solvent and will dissolve a large number of polar and non-polar
substances. It is a polar molecule and the —OH group that can form hydrogen bonds
to other substances. Ethanol is also miscible with water. The non-polar part of
ethanol molecules (-CH,CHj) allows it to dissolve non-polar substances. This
property of ethanol has a positive impact on society. Many substances, such as
flavourings, colourings and medicines may not be very soluble in water but can be
dissolved in ethanol instead. Solutions of these substances in ethanol can be diluted
so that appropriate amounts are used. It may be easier for patients to take medicines
as a liquid rather than as a solid.

When ethanol is burnt energy is released.
CgHsOH@ + 302@ L ZCOE(g) by 3H20@; AH = —ve

Hence ethanol can be used as an alternative fuel in car engines. It is used to
supplement or to replace petrol. If ethanol can be produced from biomass then it is
an alternative to fossil fuels.

Ethanol can be dehydrated by heating it with concentrated phosphoric acid or
concentrated sulfuric acid to form ethylene.

The ethylene produced can be used to make many different polymers, such as
polyethylene. If the ethanol is produced from biomass or other renewable sources,
then smaller amounts of fossil fuels will be needed to produce the polymers.

Fermentation of glucose will produce ethanol.

This reaction is the basis of the fermentation industry and the production of
alcoholic drinks for human consumption. It is also the reaction used to convert

glucose from biomass into a transport fuel and hence replace fossil fuels.
[7 matks]
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Question 39

Many polymers currently used in our society are not biodegradable and they accamulate
in the environment. To address this concern biodegradable plastics are being
investigated.

Polyhydroxybutanoate (PHB): PHB is produced by some strains of bacteria. It is a
condensation polymer made from 3-hydroxybutanoic acid, CH;CH(OH)CH.COOH. It
has similar propetties to polymers made from petrochemicals but has the advantage that
it is biodegradable. The cost of producing this biopolymer is higher than that of
petrochemical polymers and only limited use has been made of PHB at the present time.
The impact of this polymer on the environment is therefore limited but will increase
when it is used more widely.

Polylactic acid (PL.A): Starch waste from crops such as maize, potatoes, sorghum and corn
can be converted into lactic acid by bacterial action. Condensation polymerisation of the
lactic acid produces PLA. This polymer is strong and has other properties similar to
those made from petrochemicals, such as polystyrene and polyethylene terephthalate.
PLA has the advantage of being biodegradable. The cost of producing PLA is higher
than that of petrochemical polymers. The impact of this polymer on the environment is

therefore limited but will increase when it is used more widely.
[4 matks]

Question 40
(a) Advantages:

e FEthanol can be produced from renewable sources such as sugarcane as opposed
to other fuels such as petrol which come from fossil fuels, the supply of which
is finite.

e  Ethanol undetgoes complete combustion more easily than octane therefore
producing less C(s) which can clog engine parts, and less CO(g) which is
poisonous.

Disadvantages:

*  Ethanol releases less energy per gram than octane meaning that a greater mass
of fuel is required to travel the same distance.

*  Producing ethanol from renewable sources requires vast amounts of arable land,
reducing the availability of land for food crops. [4 marks]

(b) C:HsOH() + 302(9) — 2COx(9) + 3H0(3)

[3 matks]
[Total = 7 marks]
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7.5 Reactions of organic acids and bases

Question 41
Compound: 1-chloropropanoic acid; Salt: sodium 1-chloropropanoate
[1 mark]
Question 42
(2)
HH © HH H © HH
A/l " | VY
H L & L et N catalyst H c C I
\}c\/ 2=l e T TR o et g No-g SHo+ o
d b I—{?-i l-{i"l conc H,50, H/%% F—(;}-I HH H H
[2 matks]

(b) Either: Concentrated sulfuric acid is used as a catalyst in the preparation of ethyl
butanoate. It is highly corrosive to skin and must be used with great care. A supply
of water such as a safety shower should be available. Also, an absorbent, such as
sand, and a neutralising agent, for example solid sodium carbonate, should be
present in the laboratory.

Or: As the chemicals used are flammable a fire extinguisher and blanket are required.
[2 marks]
[Total = 4 marlks]

Question 43
Heating the reaction mixture under reflux conditions has
several advantages.
e The reaction between an alcohol and a carboxylic
acid is usually slow. Heating the mixture will oold —.n
increase the rate of reaction.

Warin
WALSr out

=
~~condenser

e The reactants and the ester are volatile and | bt veer batk
flammable. The reflux condition condenses the s S ;o;!i;;“fj:?;‘s'“mm
vapours and returns them to the reaction flask. o .

e  Heating can be continued for a long time so that

the mixture reaches equilibrium.
[4 marks]
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Question 44
(a) Compound X is ethanol and compound Y is acetic (ethanoic) acid. [2 marks]

(b) Glucose can be converted into ethanol by fermentation with yeast. Yeast contains

(©)

the enzyme zymase, which is a catalyst for the reaction.

Large vats ate used to carty out the fermentation. Nutrients, such as ammonium
phosphate, are added to provide phosphorus and nitrogen for the yeast. The process
is carried out under anaerobic conditions, with pH =4 and at =35°C for optimal
yield. At the end of the fermentation the concentration of ethanol in the aqueous
solution is *10%.

Some of the ethanol is oxidised to acetic acid by heating it with acidified potassium
dichromate solution.

Ethanol is placed in a flask and mixed with an equimolar amount of acetic acid. The
esterification reaction is slow. To increase the rate of reaction a small amount of
concentrated sulfuric acid is added, to act as a catalyst, and the mixture is heated
under reflux conditions for several hours.

After the allotted time the sulfuric acid and any remaining acetic acid are neutralised
by adding sodium hydrogen carbonate. The ethyl acetate is purified by distillation of
the mixture. [6 marks]

Distillation is used to increase the concentration of ethanol to #95%. The dilute
aqueous solution of ethanol is heated until the 95% ethanol/water mixture boils at
~78°C. The vapour is then cooled and the condensed liquid is collected. A
dehydrating agent is then used to remove most of the remaining water so that
ethanol of >98% purity is obtained. [1 mark]
[Total = 9 marks]

Question 45

(2)

This fat is a fatty acid, and by boiling the acid with NaOH, the salt of the acid is
produced. This process is called saponification. [1 mark]

(b) Soap molecules contain two distinct ends, a hydrophilic end (~COO") which is water

loving and a hydrophobic end (—CHz), which is insoluble in water, but soluble in
non-polar substances, such as grease. The action of soap is to clean, hence, the non-
polar lifts off the grease from the surface which is suspended in the water to allow it
to be rinsed off. [2 marks]
[Total = 3 maxks]
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Question 46

(a) Typical fats/oils used to make soap s are high molecular mass fats and oils such as
triglyceride (esters) which can be saponified hydrolysed in basic solution (typically
KOH or NaOH) to give soap (a carboxylate salt) and glycerol. Soaps from highly
saturated, solid fats, are hard; whereas an unsaturated oil, such as olive oil, gives a

liquid soap. (1 mask]
(b) ?
R—@—O—C}L R-C—0 K- HOH
R'—C-O-CH +3oH> R=C-O'K' HOH
s T
R™=C—-0-CH, R=C-0'K* CH,OH

A triglyceride reacts with KOH to form a mixture of potassium carboxylates and glycerol.
[2 marks]
[Total 3 marks]

Question 47

Soap has a hydrophilic, negatively charged polar head and a long, hydrophobic non-polar
tail. When a mixture of soap and water is added the non-polar tails of the soap will
dissolve in the grease. When enough soap has surrounded the grease, the patticle is lifted
off the surface. The negatively charged heads of the soap prevent individual grease
droplets recombining, effectively forming an emulsion of grease in water, allowing the
grease to be removed from the surface. Answers could include: Other surfactants instead
of soap.

[3 marks]
Question 48
(a) Suitable examples are ethyl acetate, propyl acetate, butyl acetate, ethyl propanoate,
methyl propanoate. [1 mark]

(b) The three chemicals required for the preparation of an ester are an alcohol, a
carboxylic acid and concentrated sulfuric acid. The potential hazards and how they
can be controlled are given in the table.

Substance Hazard Control method

Keep away from naked flames. Heat

Alcohol Flammable and toxic .
using a hot plate.

Carbosvlic May cause skin burns, Often Wear protective clothing, e.g. a lab
acid y have a strong unpleasant odour | coat, gloves and safety glasses. Catty
and can cause throat irritation. | out experiment in a fume cupboard.
Work in a fume cupboard, wear
This material has noxious fumes | protective clothing, e.g. a lab coat
Cote TS0, as no p v g, eg. a s

and can cause severe skin butns. | gloves and safety glasses. Use only
small quantities.

[5 marlks]
[Total = 6 marks]
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Question 49

(a) One of the reactants is flammable. (1 mark]
(b) H o H H H H 0O H H H
E N | b
H-C-0 + (—Q-QC=C=H g2 H-C—0—C—C—C—C—H*t O
I R | [ 7N\
H H /0 H H H H H H H H

H
[2 marks]

(c) Esterification is a slow reaction. Heating the reaction makes it go faster. However,
the reactants and products of esterification have relatively low boiling points. The
condenser (X) prevents the loss of these volatile substances by condensing them
back into the reaction mixture and allows for the reaction to proceed at higher

temperatures.
[2 marks]
[Total = 5 marks]

Question 50

(2)
+ H,O + HBr I O
[5 marks]
(b) A — 1-bromobutane, B — 1-butanol, C — butanal [3 marks]

[Total = 8 marks|
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Question 51
Monomers Polymers
Common Name Systematic name Name Properties Use
LDPE — Flexible and tough but low tensile | ® Soft drink bottles, toys
Ethylene Ethene i : )
Low density polyethylene | strength, low heat deflection e Shopping bags
Rigid and non-permeable, high e Garbage bins, cutting boards
Ethylene Ethene HDPE — tensile strength with low-stress | h
High density polyethylene . ) ® Detergent bottles
crack resistance
Clear, moderately tough, ® Pipes, flooting
Vinyl chlorid Chloroeth Ve - f and with good fl inc -
inyl chloride oroethene Sl IR waterproof and with good flame | o Raincoats, shower curtains
resistance; but poor UV resistant
® Toys
e Foam products, including for
Styrene Phenylethene Polystyrene Good moisture resistant, brittle insulation
® Body of appliances, car moulding
® Clear cups
® Chemically inert due to the ¢ Coating for non-stick surfaces such
strength of carbon—fluorine as cookware
bonds ® Piping for reactive or corrosive
Tetfifldpioetiiese | Tetifictoatisie PTFE — e Hydrophobic to water due to the | chemical

polytetrafluoroethylene

high electronegativity of fluorine
e High temperature resistance

e One of the lowest coefficients of
friction

® As a lubricant due to its non-
adhesive properties

[4 matks]
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Question 52

L1 Polymerisation

b HAOHGOQHCHdHCOH O
C=G O e A e T O U A
/N - C = CmC = O C = CmC e CnC O C
H H R
HHHHHBHHHHBEHHHEH
monomer polymer

CH. CH. CH
: / 2 > 2 ol Ay P
CH=CH, (\\QH ~CH ~CH ~CH /,

Polymerisation

ey

polymer

monomer

[4 marks]

Question 53

PVC — the Cl atom strengthens the chain, prevents movement hence the hardness of the
polymer. The Cl atom also inhibits combustion, and hence it is fire resistant and used for
firemen’s clothing and similar. It is non-polar; hence it is waterproof so used for
raincoats, shower curtains etc.

Polystytene is a linear polymer hence it is thermoplastic. The presence of the benzene
ring gives the chain more structure so it is hard and strong but brittle. Used for
screwdriver handles, CD cases etc. When aerated, PS can be used as a strong foam for

insulation and bulk food storage containers.
[2 marks]

Question 54

P1 — (a) Thermoplastic — used in toys, and bottles made of polyethylene, polystyrene and
PVC. (b) Weak intermolecular forces link long chains, can be reshaped and moulded as
becomes soft and flexible on heating and hard and re-shaped when cool

P2 — (a) Thermosetting plastic such as laminates for kitchen benches.

(b) Significant X-linking with covalent bonds between chains. The covalent bonds cannot
be broken with heat.

P3 — (a) Elastomers like vulcanized rubber and synthetic rubber. (b) It can stretch but
also it can revert to its original shape due to the overlapping of chains and some cross
linking (which pull the chain back).

P4 — (a) HDPE thermoplastic which is hard and rigid. Used for toys, buckets, bins and
playground equipment. (b) Polymer chains are packed tightly due to lack of significant
branching. In turn, this leads to increased intermolecular forces, hence increase in
strength and toughness (but also less flexibility).

P5 — (a) LDPE, thermoplastic, non-toxic, tough but also flexible. Used for plastic bags,
food wrap and milk and juice containers. (b) Increased branching leads to weaker

intermolecular forces between the chains, hence its flexibility and softness.
[5 marks]
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Question 55

(@)
(b)

(©)
(d)
©

Length of chain: strength increases with polymer length due to greater
intermolecular forces.

chain arrangement: if molecules are lined and closely packed (crystalline) lead to
polymer strength and higher MP. Polymer chains arranged randomly (amotphous)
are flexible and soft.

Degree of branching: Increase in number and length of branching leads to improved
mechanical properties, i.e. stiffer, harder and stronger polymer

Cross-linking between polymer chain: This can alter the properties of the polymer,
such as resistance to solvents or increased heat resistance.

Inclusion of additives: Additives are used to improve the property of the polymer
for the application, such as a filter additive for improved UV protection ot to
improve the thermal stability or heat retardation of the polymer.

[5 matks]|
Question 56
|
e Sl Ol S B ) D
N P N N P
H CI H ¢ H d
(ii)  Addition polymerisation. [1 mark]
(b) The polymer is made from three monomers.
H H H H H H
Moy o % v N 4
7 oy S=E SN
H CHs g CH, H H
styrene propene ethene
[3 marks]

[Total = 6 marks]

Question 57

(2)

(b)

HH H H
\/ \5‘ \/
/\/\/\

\ o
I—fC—NHC”‘NHC =N Hlémmacd]

Polyacrylonitrile must be able to be drawn into long filaments, which can be knitted
together to make the material for rugs, blankets and clothes. It should have a high
tensile strength, be lightweight and feel soft and warm. It should be possible to colour
the polymer and the material must be washable. The polymer should be resistant to

attack from chemicals and should not deteriorate in sunlight. [3 marks]
[Total = 4 marks]



184 Cambridge Checkpoints Chemistry

Question 58
(a) Compound Q could be either 1-propanol or 2—propanol.

R/

/ /
i }1—1 H \H

OH
P%C/
He /N C/H

H” A

P\i H H [2 marks]

(b) Propene is polymerised at low temperatures and pressures in the presence of a surface
catalyst to form polypropene. In the presence of the catalyst the carbon to carbon
double bond breaks and forms single covalent bonds to adjacent molecules, whose
double bonds are also broken. Many thousands of propene molecules can be linked
in this way. A polymer chain results.

H _ H L
P = SR - » \ L £ \*
CH, CH, CH,
H H
R VRY
— \C/ \C/ \c/ N
7N N /N
H CH; H CH;H CH,
[3 matks]

(¢) The number of propene molecules that link together to form the polymer chain can
vary from one chain to the next. Hence chains of different lengths are formed. These
will have different molecular weights.

[1 mark]
[Total = 6 marks]
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Question 59

(2)

(b)

There are three steps in the addition polymerisation of a monomer, such as ethylene.
They are initiation, propagation and termination. To statt the process an initiator,
such as benzoyl peroxide, is added to the alkene. Benzoyl peroxide contains an
oxygen to oxygen single bond which is easily broken to form two radicals. These
radicals each have an unpaired electron and are very reactive.

O O O O
A y N

The unpaired electron from the radical combines with one of the electrons from the
double bond of the alkene as follows.

CsHs;COOe + CH;=CH; — C¢H;COO-CH>-CH>*

In the propagation step, more molecules of the alkene can react to extend the chain

length.
CaHsCOO-—CHz—CHZ' + CH2:CH2 —: CﬁHsCOO—CHz—CHQ——CHz——CHz'
This process continues until two growing chains react and the process terminates.

C(,HsCOO—(CHz),\-CHz‘ + 'CHQ(CHQ)JF—OOCCGHS =¥
CsHsCOO—(CHa),.CH—CH,(CH,),~OOCCHs
[3 marks]

In polystyrene, CsHs groups are attached to the carbon atoms along the long chains.
The polymer is very stiff because of the presence of these groups. The high stiffness
of the polymer makes it suitable for making handles for tools (such as screwdrivers)
and also for making the cases of car batteties.

Polyethylene consists of long chains of ~CHz— groups with no side groups. Thete
are two forms of polyethylene: high density polyethylene (HDPE) and low-density
polyethylene (LDPE).

In HDPE there are very few branches to the chain and the long chains can pack
close together. This results in a rigid polymer that is used to make dutrable items
such as buckets, pipes and petrol tanks.

LDPE has many branches along the chain. The resulting polymer is flexible and is

used to make squeeze bottles, cling wrap and plastic bags. [4 matks]
[Total = 7 marks]
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