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Introduction 

This book is a collection of over 500 practice questions for the end-of­
year written examination in HSC Chemistry. The questions cover the 
four HSC modules to be examined for the first NESA set examination in 
2019. Questions have been included for each dot point in the Syllabus 
and manipulated to show the various ways the content may be 
examined. 

The book includes all the relevant questions from previous HSC 
examinations papers where they correlate to the 2018 NESA Syllabus, 
as well as many new questions for the new content. 

Questions with stimulus material and more challenging higher order 
questions are included as per the sample examination paper issued by 
NESA. Included are content questions, as well as skills, first-hand 
investigations and processing of data-style questions. 

Questions should be attempted once the relevant theory has been 
completed. Answers have been included at the end of each chapter. 

Cambridge QuizMeMore, compatible with all internet-enabled devices, is 
available via Cambridge GO https://www.cambridge.edu.au/go/. 

It features quizzes that are an extra revision tool for use throughout the 
year and are a fun add-on to your study experience. 
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m 
n=--

MM 
q = mcl:!T 

FORMULAE SHEET 

n 
c=-

V 

l:!G0 = l:!H0 - Tl:1S0 

lo 
A = slc = Iog101 

PV= nRT 

Avogadro constant, NA ................................................................... 6.022 X 1023 mor1 

Volume of 1 mole ideal gas: at 100 kPa and 
at 0°C (273.15 K) ....................... 22.71 L 
at 25°c (298.15 K) ..................... 24.79 L 

Gas constant ................................................................................... 8.314 J mor1 K-1 

Ionisation constant for water at 25°C (298.15 K), KW .................. 1.0 x 10-14 

Specific heat capacity of water ...................................................... 4.18 x 103 J kg-1 K-1 

DATA SHEET 

Solubility constants at 25°C 

Compound K,p Compound K,p 
Barium carbonate 2.58 X 10-9 Lead(II) bromide 6.60 X 10-6 

Barium hydroxide 2.55 X 10-4 Lead(II) chloride 1.70 X 10-5 

Barium phosphate 1.3 X 10-29 Lead(II) iodide 9.8 X 10-9 

Barium sulfate 1.08 X 10-lO Lead(II) carbonate 7.40 X 10-14 

Calcium carbonate 3.36 X 10-9 Lead(II) hydroxide 1.43 X 10-l5 

Calcium hydroxide 5.02 X 10--6 Lead(II) phosphate 8.0 X 10-43 

Calcium phosphate 2.07 X 10-29 Lead(II) sulfate 2.53 X 10-8 

Calcium sulfate 4.93 X 10-5 Magnesium carbonate 6.82 X 10-6 

Copper(II) carbonate 1.4 X 10-lO Magnesium hydroxide 5.61 X 10-12 

Copper(II) hydroxide 2.2 X 10-2o Magnesium phosphate l.04x 10-24 

Copper(II) phosphate 1.40 X 10-37 Silver bromide 5.35 X 10-!3 

Iron(II) carbonate 3.13 X 10-ll Silver chloride 1.77 X 10-lO 

Iron(II) hydroxide 4.87 X 10-17 Silver carbonate 8.46 X 1(}-l2 

Iron(Ill) hydroxide 2.79 X 10-39 Silver hydroxide 2.0 X 10-8 

Iron(III) phosphate 9.91 X 10-IG Silver iodide 8.52 X 10-17 

Silver phosphate 8.89 X 10-l7 

Silver sulfate 1.20 X 10-5 

Aylward and Findlay, SI Chemical Data (5th Edition) is the principal source of data for 
this examination paper. Some data may have been modified for examination purposes. 
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Infrared absorption data 13c NMR chemical shift data 

Bond Wavenumber/cm-1 Type of carbon o/ppm 

N-H 3300-3500 
(amines) 

I I 
-c-c- 5-40 

I I 
I 

0-H 3230-3550 R-C-Cl orBr 10-70 
(alcohols) (broad) I 

I 

C-H 2850-3300 
R-C-C- 20-50 

II I 
0 

0-H 2500-3000 
I I 

R-C-N 25-60 
(acids) (very broad) I \ 

I alcohols, 

C=N 2220-2260 
-C-0- ethers or 50-90 

I esters 

\ I 
C=C 90-150 

C=O 1680-1750 I \ 

R-C=N 110-125 

C=C 1620-1680 0 110-160 

C-0 1000-1300 
R-C- esters or 

II acids 
160-185 

0 

c-c 750-1100 
R-C- aldehydes 

II 190-220 
0 

or ketones 

UV absorption 
(This is not a definitive list and is approximate.) 

Chromophore ,lmax (nm) Chromophore ,lmax (nm) 

173 178 
C-H 122 c=c 

196 222 

c-c 135 C-Cl 173 

C=C 162 C-Br 208 
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Some standard potentials 

K+ +e- --->. K(s) -2.94 V ...-

Ba2+ + 2e- --->. Ba(s) -2.91 V .._-

ea2+ + 2e- --->. ea(s) -2.87 V ...-

Na++ e- --->. Na(s) -2.71 V .._-

Mg2+ + 2e- --->. Mg(s) -2.36 V ...-

Al3+ + 3e- --->. Al(s) -1.68 V .._-

Mn2+ + 2e- --->. Mn(s) -l.18V ...-

H2O + e- --->. ½Hz(g)+OW -0.83 V .._-

Zn2+ + 2e- --->. Zn(s) -0.76 V ...-

Fe2+ + 2e- --->. Fe(s) -0.44 V ...-

Ni2+ + 2e- --->. Ni(s) -0.24 V ...-

Sn2+ + 2e- --->. Sn(s) -0.14 V ...-

Pb2+ + 2e- --->. Pb(s) -0.13 V ...-

H+ + e- --->. ½Hz(g) o.oov ...-

so/-+ 4H+ + 2e- --->. S02(aq) + 2Hz0 0.16 V ...-

eu2+ + 2e- --->. eu(s) 0.34 V ...-

½Oz(g) + HzO + 2e- --->. 2Off 0.40 V ...-

eu+ + e- --->. eu(s) 0.52 V ...-

½Iz(s) + e- --->. r 0.54 V ...-

½I2(aq) + e- --->. r 0.62V ...-
Fe3+ + e- --->. Fe2+ 0.77V ...-

Ag++ e- --->. Ag(s) 0.80V ...-

½Br2(l) + e- --->. Br- 1.08V ...-

½Br2(aq) + e- -->. Br- l.l0V .._-

½O2(g) + 2H+ + 2e- --->. HzO 1.23 V ...-

½elz(g) + e- --->. er 1.36 V ...-

ler O 2- + 7H+ + 3e- --->. er3+ + 1H 0 1.36 V 2 2 7 ...- 2 2 

½eiz(aq) + e- --->. er 1.40V ...-

MnO4- + 8H+ + 5e- --->. Mn2++ 4H 0 1.51 V -- 2 

½F2(g) + e- --->. p- 2.89V --
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i'unr signii.'kani. fiS,ures. 

E!f-.mems with 
J.qti:1nn0.tion oo 0km:cnts with [i\:omi.c numb0r:, 113 ~md above i~ sourc,~d from the Interr,[tt{ond Union or Pure and ;\ppHed Ch.e1n: ;t::y Periodic 1:-:Ci,ble of lhr:- Elenic-n.t:; (NovernL.::r 2016 \'<::n,im1). 

The lukrnatiomtl Un.iou of Pure and Applied Ch.eJ.ni~1:ry Periodic T&bh! of the Element~ (Febrnary 2010 versi_on) is the prit\cipJl smttce of :_ill or her Llaw. Som-~ dct(D 
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;:iJ_ Static arni dynan:1ic ,:'.(pxilibrium 

Question I 
\)lfhich of these reac-Lion.s are correct? 

(A) 

(B) 

(C) I H20(gi __ -_-_._,-_1:_,_: __ ?C _ _1_(_!J __________ -+---~---~---~-~-------< 

(D' f F I ' c, 1 ' ' ----1~ - " 1 ) ! ~e\J) -f- .Jl__.:2 (g_1 --1•· L._-"<e:::U3(_.f; 

Quesdon2 
\J(7hat is cheraical equilibriun1? 

(1t), A state o 0" balance in a. chemical reaction vJhere the speed of the forward reaction is 

unequal to the reverse re:iction. 
(B) }\_ ch_er.nical reaction_ in ;;;;vhich d1e for',.Tlarcl and rev;:::rse. reactions are occu2:rin.g at tlre 

sarne liiTre and at the sarne rate, 
(C) A neutralisation rea.ction vJith equal number of moles of an acid and a base. 

(D) A_ steady state in \vhich n-iatter is entering an.d lea-.;,ring the systen1 at a constant rate. 

Question 3 
"J17hich of the fOllo\vi.ng is a.n incorrect inodt.l? 

D;r11f11r.dc eq1Ldlib1iurn I ------~-, 
(A} I 

(B) 

(D) 
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Question 4 
A drug used to treat hypertension undergoes a decomposition reaction to give an 
insoluble product. Calculate the temperature at which this reaction becomes spontaneous 
if the enthalpy of the reaction at 298 K is 51 kJ mot1 and the entropy of the reaction at 
this temperature is 118.74 J K-1 moI-1. 

(A) 430 K (B) 2300 K (C) 0.5 K 

Question 5 
'v(ihen the system A + B ~ C + D is at equilibrium: 

(A) the sum of [A] and [BJ are equal the sum of [CJ and [DJ. 
(B) the forward reaction has stopped. 
(C) the reverse reaction has stopped. 
(D) neither the forward nor the reverse reaction has stopped. 

Question 6 
In the production of nitric acid, an important step is the conversion of nitric oxide (l\10) 
into nitrogen dioxide (NO2). 

2NO(g) + O2(g) ~ 2NO2({;); /lH = -114 kJ mot1 

Which of the sets of conditions below would be expected to give the best equilibriurn 
yield of nitrogen dioxide? 

(A) 500°C and 4 atm pressure. 
(C) 500°( and 1 atm pressure. 

(B) 30°C and 4 atr.n pressure. 
(D) 30°C and 1 atm pressure. 

Question 7 
An important industrial process is the conversion of carbon monoxide into carbon 
dioxide using steam. 

Which of the following would increase the percentage conversion of CO into CO2? 

(A) Increasing the pressure (B) Raising the temperature 
(C) Increasing the concentration of water (D) Using a catalyst 

Question 8 
The graph on the right shows how the percentage of 
products in a reaction changes with variations in 
temperature and pressure. 

Which chemical equation is consistent with this graph? 

(A) N2(g) + 3H2(g) ~ 2NH3(g); 
(B) CH4(g) + 1-:bO(g) ~ CO(g) + 3H2(g); 
(C) 2HI(g)~H2(g)+I2(g); 

(D) C3HB([O + 5O2(g) ~ 3CO2(g) + 4H2O(g); 

llH = -92 kJ 11101-1 

L'1H = +250 kJ n101-1 

11H = + 10 kJ moi-1 

M---1 = -2045 kJ moi-1 



(J:uestlon 9: 
The g::::>pb on the righr sho\:vs the 
cc;ncentL2.xions <Yver tin1.e for d1-;: ~;,ystern: 

CC\g) + 2H2(j) ~ CI-LOH(g) 

(A) 

(B) 

(C) 

(D) 

Question rn 

7i 

H: added 

CO added 

I-h added 

CO added 

CFtOH :removed 

CI-bOI-I removed 

i CO removed 

I CO and H2 rernoved i 

\Y./hat effect does a catalyst h,nre on a reaction? 

(A) It increases the race. 
(B) It increases the yield. 

(C) It lncreases the heat of reaction. 

(D) It ii1creases the activ2ttion energy. 

Question 11 
The follO\ving equilibrium is set up in a sealed n:8.ction vessel. 

N20/g) ~ 2N02(g); llH = +54.8 10 moi-1 

\Y./hich of the following wonld INCREASE the yield of nitrogen ciioxidei' 

(A) t\.dding a c2.talvst co the reactio,1. vesseL 

(B) Decreasing the volume of che reaction vessel. 

(C) Raish1g the tempei:al1.1 re of 1:he reaction vessel. 

(D) Increasing rhe pressure by adding argon to tl1e reaction vesseL 

[BOS 2012 Q16] 

[BOS 20l2 Q3] 

[BOS 2013 QlO] 



Question 12 
This equation shows an equilibrium established in the synthesis of ammonia from its 
component gases: 

N2(g) + 3H2(g) ""' 2NH3(g) 

If the volume of the reaction chamber is suddenly halved at time T; which of the 
following best depicts changes in the concentration of ammonia over time? 

(A) 

(C) 

Cone 
ofNH3 

Cone 
ofNH3 

Question l3 

(B) 

T 
'rirrtC 

(D) 

T -~ 
11me 

Cone 
of!\Jt:13 

Cone 
,)fNH, 

' ·-----i--~-
T 

Tim<, 

T 
Tirne 
[BOSTES 2014 Q13] 

The equation describes an equilibrium reaction occurring in a closed system . 

X(g) + Y(g) ""' 4Z(g); .t:,H= +SSkJ 

Under which set of conditions would the highest yield of Z(g) be obtained? 

(A) 
(B) 
(C) 
(D) 

Question 14 

Tempe1:ature (0 C) 
so 
50 

300 
300 

Pre;;ssw:e (kPa) 
100 
200 
100 
200 

[BOSTES 2015 Q16] 

Consider the following endothermic reaction taking place in a closed vessel. 

N204(g) ""'2N02(g) 
Which of the following actions would cause more N204 to be produced? 

(A) Adding a catalyst. 
(C) Decreasing the pressure. 

(B) Decreasing the volume. 
(D) Increasing the temperature. 

[BOSTES 2016 Q14] 
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Question 15 
The following equilibrium is established in a closed system. 

C02(gJ + H20(~ ~ H2C03(aq) t:i.H = -19.4 kJ moi-1 

How can the gas pressure in the system be decreased? 

(A) Add more C02(gJ. 
(B) Add hydroxide ions to the solution. 
(C) Decrease the volume of the container. 
(D) Increase the temperature of the system. 

5.2 Factors that affect equilibrium 

Question 16 

[NESA 2017 Q16] 

The statements below are possible explanations for changes that occur to a reaction 
when the temperature is increased. 
I. Particles move faster at higher temperatures and cause the reactant particles to 

collide more often. 
II. At higher temperatures, reactant particles have energy greater than the activation 

energy. 

Which answer best explains the reason the reaction rate is greater at higher temperatures? 

(A) I only (B) II only (C) I and II 
(D) I and II, but II to has a greater influence on the reaction 

Question 17 
This graph represents the yield of an equilibrium reaction at different temperature and 
pressure conditions inside a reaction vessel. 

60 Pressure 

50 -0- 30 atmospheres 

..._ 100 atmospheres 

Y-teldof 
40 ~ 200 atmospheres 

Z(%) 
30 

20 

10 

0 
300 500 600 700 

Temperature ("C) 

Which of the following reactions could produce the trends shown in the graph? 

(A) X(gJ + Y(gJ ~ 3Z(gJ; 

(B) X(gJ + Y(gJ ~ 2Z(gJ; 
(C) 2X(gJ + 2Y(gJ ~ Z(gJ; 
(D) 4X(gJ + 2Y(g') ~ 3Z(gJ; 

AH= +100kJ 
AH= -100kJ 
AH= +100 kJ 
AH= -100kJ 

[BOS1ES 2014 Q20] 



Question 18 
Three gases X, Y and Z were mixed in a closed container and allowed to reach 
equilibriumo A change was imposed at time T and the equilibrium was re~established. 
The concentration of each gas is plotted against time. 

Which reaction is represented by the graph? 

(A) X(g) + Y(g) :;:::': 2Z<i) 
(B) 2X<i) :;:::': Y<i) + Z(g) 
(C) 2X(g) :;:::': Y(g) + 3Z<i) 
(D) X(g) :;:::': Y(g) + Z<iJ 

Question 19 

Time 

[NESA 2017 Q18] 

Consider the following energy profile for a chemical reaction, where I, II and III 
represent enthalpy changes during the reaction. 

III 

Which one of the following statements is correct? 

(A) The activation energy for the reverse reaction is (III II). 
(B) The net energy released for the forward reaction is represented by II. 
(C) The energy required to break the reactant bonds is represented by II. 
(D) The energy released by the formation of new bonds is represented by I. 



Module 5: Equilibrium and Acid Reactions 7 

Question20 
Which one of the answers correctly describes the following energy diagram? 

~ /x v,f\ /r 
1 __j___ __ 1_L 

(A) A two-step exothermic reaction having an activation energy = X. 
(B) A two-step endothermic reaction having an activation energy = Y. 
(C) A two-step exothermic reaction having an activation energy= Y. 
(D) A two-step endothermic reaction having an activation energy= X. 

Question 21 
Which one of the following statements is NOT generally correct? 

(A) The enthalpy of the products is greater than the enthalpy of the reactants. 
(B) The rate of a reaction is proportional to its activation energy. 
(C) The rate of a reaction generally increases as the temperature is raised. 
(D) All reactions in which bonds are broken and formed have a significant 

activation energy. 

Question22 
The effect of a catalyst on reaction rate is to: 

(A) offer a route with a lower activation energy. 
(B) enable more molecules to overcome the lower activation energy. 
(C) increase the number of successful collisions. 
(D) All the of the above. 

Question23 
The following reaction shows how a reversible reaction can be manipulated by changing 
the concentration of the reactants then products: 

Co(H20)i+ +4Cl-(aq) CoCli-(aq)+6H2O(aq) 
pink blue 

• Adding HCl to the reaction mixture increases the concentration of CL 
• The equilibrium shifts towards the products to reduce the concentration of the CL 
• The resulting colour change is from pink to blue. 

At equilibrium, what would occur if water was added to the reaction mixture? 

(A) The Cl- concentration decreases. 
(B) The reaction moves towards the product to increase the ci- concentration. 
(C) The resulting colour changes from pink to blue. 
(D) The temperature increases. 
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Question 24 
A syringe contains two gases in equilibria, as follows: 

N2O4 is colourless and NO2 is brown. 

When the syringe is depressed, which of the following statements is correct? 

(A) An increase in pressure will shift the equilibrium to produce more brown-coloured 
NO2, as more N2O4will collide. 

(B) With an increase in pressure, the equilibrium will shift to the left, to colourless N2O4, 
to reduce the number of moles in the syringe. 

(C) An increase in pressure will produce more brown-coloured NOz, as the equilibrium 
will shift to the side with the most number of moles of gas. 

(D) An increase in pressure will cause an increase in temperature, hence the equilibrium 
will shift to the forward reaction. 

5.3 Calculating the equilibrium constant K;,4 

Question 25 
Arrange the following reactions in order of their increasing tendency to reach 
completion. 

I. 4NH3(g) + 3O2(g) ~ 2Nz(g) + 6H2O(g); 
II. 2HF(g) ~ Hz(g) + Fz(g); 
III. 2NOCl(g) ~ 2NO(g) + Clz(g); 
IV. Nz(g) + O2(g) ~ 2NO(g); 

I(,9 = 1.0 X 1022 

I(,9 = 1.0 X 10-13 

I(,9 = 4.7 X 10-4 
I(,9 = 5.0 X 10-3l 

(Note: For each reaction, the equilibrium constant was determined under different 
conditions.) 

(A) I, III, II, IV 
(C) IV, II, III, I 

Question 26 

(B) III, II, IV, I 
(D) I, IV, II, III 

The concentrations of reactants and products were studied for the following reaction: 

H2(g) + Fz(g) ~ 2HF(g); K,q = 313 at 25°C 

In an experiment, the initial concentrations of the gases were 
[Hz] = 0.0120 M, [Fz] = 0.0200 M and [HF] = 0.500 M. 

When the reaction reaches equilibrium at 25°C, the concentration of HF will be: 
(A) 0.550 M. (B) 0.25 M. 
(C) less than 0.500M. (D) between 0.500 M and 0.550 M. 
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Use the following information for Questions 27 and 28. 

Consider the equilibrium reaction: 

2ClF3(g) ~ 3F2(g) + Ch(g) AH = negative value 

Question 27 
An expression for the equilibrium constant for this reaction is: 

(A) [ClF3] (B) 3[F2](C12] 

[F2 f [Cl2 ] 2[C1F3] 

(C) [F2]3 [Cl2] 

[ClF3]2 

Question 28 
For the equilibrium reaction, the temperature is lowered and the amount of C1F3 changed 
by 0.150 mol. The changes occurring would be: 

(A) 

(B) 
(C) 
(D) 

CJF3 
Increase by 0.150 mol 

Increase by 0.150 mol 

Decrease by 0.150 mol 

Decrease by 0.150 mol 

5.4 Solution equilibria 

Question 29 

Fz 
Decrease by 0.225 mol 

Decrease by 0.100 mol 

Increase by 0.225 mol 

Increase by 0.100 mol 

What is the solubility product constant expression for MgCh? 

Question 30 
The solubility product expression for tin(II) hydroxide is: 

(A) [Sn2+][0H-] 

(C) [Sn21[0H72 

Question 31 

(B) [Sn2+]2[0H7 
(D) [Sn2+]3[0H-] 

Clz 

Decrease by 0.075 mol 

Decrease by 0.075 mol 

Increase by 0.075 mol 

Increase by 0.075 mol 

Consider the following solubility data for various chromates at 25°C. 

Chromate K.p I 
AgzCrO4 9.0 X 10-lZ I 
BaCrO4 2.0 X 10-10 I 
PbCrO4 1.8 X 10-14 I 
TbCrO4 9.8 X 10-15 I 

The chromate that is the most soluble in water at 25°C on a molar basis is: 

(B) BaCrO4 (C) PbCrO4 (D) ThCrO4 
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Question 32 
There are two unlabelled solutions. One is barium nitrate and the other lead nitrate. 
Which of the following could be added to the two unlabelled solutions to distinguish 
between them? 

(A) Sodium sulfate 
(C) Sodium chloride 

(B) Sodium nitrate 
(D) Sodium carbonate 

[NESA 2017 Q8] 

Free-response questions 

5.1 Static and dynamic equilibrium 

Question 1 
(i) Models are often used to help explain complex concepts. Outline a first-hand 

investigation that can model an equilibrium reaction. (2 marks] 

(ii) Assess the validity of the information that could be collected in this investigation. 
(3 marks] 

[BOS 2011 Q33d; Total= 5 marks] 

Question 2 
Calculate .6.S0 , the entropy change, for the complete combustion of liquid octane with 
02(g) at 298 K. 

Question 3 
1-bromopropane reacts with sodium hydroxide solution to give propan-1-ol. The 
hydroxide ions replace the bromine in the organic molecule. 

(2 marks] 

This reaction involves a collision between the 1-bromopropane and the hydroxide ions. 

Explain the effect of DOUBLING the concentrations of both reactants. 
(2 marks] 

Question 4 
For the complete combustion of methane, there is a decrease in entropy. 
Explain the reason for the decrease in entropy. Include an equation in your response. 

(2 marks] 

Question 5 
Photosynthesis reactions do not occur spontaneously. Use the standard entropy data in 
the table below to justify the need for sunlight, as the energy source, to drive the 
reaction. 

Substance Standard entropy O /K per mole) 
Water 70 
Carbon dioxide 214 
Oxygen 205 
Glucose 212 

[4marks] 
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5.2 Factors that affect equilibrium 

Question 6 
(a) Draw a simple energy profile for: 

(i) an exothermic reaction in which 100 kJ moi-1 is evolved, and which has an 
activation energy of SO kJ moI-1• [1 mark) 

(ii) an endothermic reaction in which SO lrj" moi-1 is absorbed and which has an 
activation energy of 100 kJ moi-1• [1 mark] 

(b) Why do reactions have an activation energy? Explain your response with reference 
to one of the energy profile graphs drawn. [2 marks] 

(c) Draw simple energy profiles to explain how the catalyst affects the activation energy 
of a reaction. [1 mark] 

[Total= 5 marks) 

Question 7 
The graph below shows how the concentration of reactants and product varies with time 
for production of sulfur trioxide. 

' ' ---+----- ,---

Concentration 
(moIL-1) 

(a) What is the significance of time t1? 

' I I I 

Time 

(b) At time tz, the concentration of oxygen was increased. 

[1 mark] 

(i) On the graph above, sketch how the concentrations of reactants and product 
would change after the concentration of oxygen was increased at constant 
temperature. [2 marks] 

(ii) Explain the changes that you have made on the graph. [2 marks] 
[Total= 5 marks] 
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Question 8 
A mixture of carbon monoxide, chlorine and phosgene (COClz) gases was placed in a 
closed container. The concentrations of the gases were monitored over time. 

0.00 

r--_ /""' 

'- / 
..,... 

V •""-., -
0.00 

0 2 4 6 8 
Tune {minutes) 

co 
Cl, 

COClz 

(a) At what time does the system first reach equilibrium? Justify your answer. [2 marks] 

(b) At four minutes, the temperature of the container was increased. 

Explain, with reference to the graph, whether the decomposition of COClz into CO 
and Clzis exothermic or endothermic. [3 marks] 

[BOS'IES 2016 Q28; Total= 5 marks] 

Question 9 
Explain the impact of an increase in pressure and an increase in temperature on the 
solubility of carbon dioxide in water. Include a relevant equation in your answer. 

[BOS 2012 Q23; 3 marks] 

Question 10 
State Le Chatelier's principle. 

[1 mark] 

Question 11 
Ethanoic acid and ethanol react reversibly to form ethyl ethanoate and water. 
In a closed system, a dynamic equilibrium is set up. 

(a) What effect would adding ethanol have on the percentage of ethanoic acid 
converted into ethyl ethanoate? Explain your answer using Le Chatelier's principle. 

[2 marks] 

(b) This reaction is fairly slow and is usually done in the presence of a small amount of 
concentrated sulfuric acid as a catalyst to speed it up. 

What effect would that have on the percentage of ethanoic acid converted into ethyl 
ethanoate? Explain your answer. [2 marks] 

[Total = 4 marks] 



Question 12 
'I'he I-IalJer proce~;s B=1r the n1arru.fitcture: of anunon . .ia frorn nitrogen ar1d_ hydrogen 
involves this rEversible react1nn: 

(a) Using Le ChareEer's p1ii1ciple, e=:plain the effect on tbe position of equilibrim:1 if the 
pressun:: 1s L.1-creased. [2 rrrarks} 

(b) In order to get the n:rn:,inm:n possible percei-itage ofl'-.i [~I3 in rhe ecrc1ilib::-ium mi':tme, 
is high or lov; te111pe1ctture ideal) Exphin your :H1S'Ne1· u~ing Le. Cilatelie1:'s p1·incipie 

[2 cmrksj 

(c) \JVith reference to yout respon~ie: in. part (b), explain ,vl:1eth.er there an~~ s.ny 
clit~adva:ita_ges _G0r a 1-.c1an.Ffi1cturer of JJrn11onia ir_1. using this ternperalure, [2 rnarks} 

[Total = 6 rnarks J 

Question 13 
The Contact process for the production of sulforic acid includes a step whereby sulfor 
dioxide is converted to sulfur trioxide in 2,n equiEbrimn reaction: 

LlH = -99 lg rnoJ-1 

S02 and 02 vrere added to a closed container. The production of S03 over time is show1'l 
on the graph below. 

(i) ,(.opy the graph ·:Jelosv and sketch a second curve on the Si:d:r1e axes to derno:nstrate 
the production of S03 over time when the react]on is repeated at a higher 
ternperamre. Clearly label c._he two curves. [2 marks] 

(li) At a certain temperature, the equilibrium constant, K, is 12.l for this re:Ktion as 
written in the equation above. 
At the same temperature, 1.0 rnol S02 an:d 1.0 rnoi C)2 ,:vere added to a 1.0 litre 
closed co:c1tainet. J\.x a r1oint in tirne, tb.e concentr~:tion of SQ3 in the container vvas 
n1easured as 0, 70 tnol L·-1• 

Had equilibrium been reached in the conL1iner at this point? Use rnlculations to 
justify your ans,.ver. [ .:1. rn:1.rks J 

[l"-TES/1. 2017 Q 31 b; T'ornl == 6 rnarks] 
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Question 14 
At temperatures above 100°C, hydrogen and carbon monoxide react to form methanol 

gas in this reversible reactiono 

A mixture of hycb:ogen, carbon monoxide and methanol is placed in a container with a 
volume that can be cl1angedo The mi-s:ture is allowed to reach equilibriumo 

(i) The initial volume of the container is LOO L Account for any changes in the 
concentration of hydrogen gas when the volume of the container is rapidly increased 
to 2000 L [2 marks] 

(ii) The initial mixture placed in the container had 050 mol of hydrogen, LOO mol of 
carbon monoxide and 2050 mol of methaonoL Once the volume of the container had 
been increased to 2000 L and equilibrium had been re-established, the number of 

rnoles of hydrogen in the mixture had changed by 0036 moL Calculate the 
equilibrium constant for this reactiorL [3 marks] 

[BOSTES 2015 Q31a; Total= 5 marks] 

Question 15 
Briefly summarise the Haber process and evaluate the necessity to monitor and optimise 

the conditions usedo 
[6 marks] 

Question 16 
Fizzy drinks are made by forcing carbon dioxide gas into the drink under high pressureo 
This process is called carbonation and causes CO,(g) to dissolve in the drink to form 

C02(aq)o Fizzy drinks 'taste' fizzy because of this dissolved carbon dioxideo 

In an unopened bottle of soft drink, the majority of the CO2 molecules will be dissolved 
in the solution, ioeo in tl1e aqueous formo 

When carbon dioxjde dissolves, the following four equilibria are establishedo 

L CO2(g) ~ C02(aq) 
20 C02(aq) + H2O(0 ~ I--IzC03(aq) 
30 H2CO3(aq) ~ H'(aq) + HCQ3-(aq) 
40 HCQ3-(aq) ~ H+ (aq) + CO/-(aq) 

carbonic acid 
hydrogen carbonate ions 
carbonate ions 

(a) Predict and explain what will happen to the pH of the coke when the bottle is 

openedo [2 marks] 

(b) Use the equations above, suggest why adding a slice of lemon to soft drink may 
cause it to taste slightly flat [2 marks] 

(c) Carbon dioxide is more soluble in cold solutions than warm solutionso Use this 
information to label each arrow below as either exothermic or endothermic. 

C02(aq) ~ CO2(g) [2 marks] 

(d) Given enough time, a bottle of soft drink may go flat even if it was not openedo This 
is because the CO2 molecules are small enough to pass through the microscopic 

holes in the plastic. Describe and explain what would happen to the pH of the bottle 
if this happenedo [2 marks J 

[Total = 8 marks] 
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5.3 Cakulating: the equilibrium consbHlt K;,q 

Queo:tion 17 
Tl1e reactic)n be0.r..re~n erhene and st,-.::ritn tn r,roduce ethanol is an czJn:p·!e :Jf a 

horrK getJeous eqlillibriufn: 

(a) Explai,1 the ter1n lo11.1,;geri!'M:s \vhen it _refei:s L0 ,,n ,::q.uilibrinm reactio1·;, 

(b) \V:dte the expres,,io11 fr)!: the equilibtiurc1 constant Kc,1 for lfoc re,;,ction ,1.bove. 
[2 matks] 

[fotd cc 3 m,d,s] 

Question 18 

\)(/ri~e a0. expression fix the eq1.,ilibrjum constam for rhe following rez:,ction: 

2S02(g) + 02(g) ~ 2SO;(g) 

Que:,tion 19 

[2 ff1arks] 

Haemogk1bin, a protein comair,,ing iroa, is the material in red blood ceUs responsible for 

tcansporting oxygen tc, che cells. Each haemoglobin molecule ctttaches to follr oxygen 

atoms, and the equilibrium conditioas of the haemoglob.i.n-oxygen interaction can be 

expressed thus: 

Hb(aqi + 402(g) ~ Hb(02)1(aq) 'Nhere Hb stands for haemoglobin. 

(al \X1rite the equilibrium expression for this reaction. [l m,1rk] 

(b) \-Xlhen someone is exposed to CO gas, a frightening variation on the normal 

klemoglobin-oxygen incer;;.ction occurs. Carbon monoxide 'foc,ls' haemoglobin into 

mistaking it for oxygen bernme it also bonds to haemoglobin in groups of four and 

02 is expelled. 

1·:Vrite this equilibrium re~ction. [2 1nc1rks] 

(c) To reverse the effects of the carbon ff>.onoxide, pure oxygen must be introduced to 

the body. It will react with the carboxyhaernoglobin to produce properly oxygen,,ted 

haemoglobi~,, along wit.\ ca.dJOil monoxide. 

1:Xlrite the equilibrium expression for this reacti,Jn. [2 rnarksf 
[T otaI = 5 marks] 



Question 20 
The graph shows the percentage yield of ammonia produced from nitrogen and 
hydrogen at different temperatures and pressures. 

The Haber process is the main industrial procedure for the production of ammonia. 
Explain the conditions used in the Haber process with reference to the graph. 

.j 
i -~ 

[ .. I 
___ Pm.5ttre --·· 

51)0,1tm 

400 a,m 

0 .. J_ 7 .. .,, ..... ., --.,--•·1 ·······•·.-----y--·. -···"1 ..•. ., .t•-
·,too 1c1;; ~1;~t1 ·;no 6!:1:, 

Question 21 
Consider this chemical system which is at equilibrium. 

X(g) + Y(g) ~ Z(g) + heat 

[BOSTES 2015 Q30; 6 marks] 

(a) Explain the effect of decreasing the volume of the reaction vessd. [2 marks] 

(b) Explain the effen of adding a catalyst to this equilibrium mizturc:. f2 marks] 
[BOS 2013 Q24; Total = 4 marks] 

{~uestfon 22 
Solid amrnonium hydrogen sulfide (NJ·LHS) decomposes to form ammonia gas and 
hydrogen suJ.fak g:::.s (l-I2S). 2.00 r:ooles of an11nonium hydrogen sulfide vvere placed in a 
sealed J.00 L co111·,.iner and the system was allowed co reach equilibxium. At equilibriu111) 
there ,:vere 0.0328 1noles of ammonia gas" 

Calculate tbe equilibrium constam for this reaction, 
[BOSTES 2016 Q3lc(ii); 4 JT1arksl 

Question ?3 
Hydrochloric acid ·,s produced in an exothermic a11d reversible reactjon from hydrogen 
and chlorine gast:s. 

(a) 

(b) 

\vrite the equation and the equilibrium expression for this re"'.ctjon. [2 marks] 

What \VouJd happen to the value of K,9 if heat is added to the system? [2 marks] 
[Total= 4 marks] 
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Question 24 
l.00 ?\1 c.f phosgenc ga~. ((=()(].::) in :1 1.00 L, co:ntainer decornposes to protJtv.ce ca:d:::ion 

t11ot1ox.ide an.d chloris1t; gJses, 

i\.L eg_uilibriu.rn~ the cor1centc1.tion o-f chlorir1e: gas is 0.02:3 J:v'.L 

(i) C:.tlcuhtc the concentration of carbon rnonoxide. 

(iii) Calculate the eqc1ilibrium constant for thi, re:ictio:1 

Qm:stiori 2:5 
Co•1_siJer the following eqL1ilibi:iun1: 

3Zn(s) + 6H\:iq) + 2Hl\JO3(aq) ~ 3ZrP(aqy + 2NO(g) + 4i-h0 --,- I--Ie2t 

[l nrnrkj 

[2 rmdcs] 
[Total = 5 crrnrks1 

~ndicace wh2t VJill luppen to the conce:~tration of nitric J.cid in each of the scenarios 

given belo\v. 

(i) ternperature decreases 

(ii) '.Zin.c ion coe.centration increases 

[1 mark] 

[1 cnark] 

[1 rnarkj (ii.I) nitrogen oxide concentration decreases 

(iv) pI--I increases [1 :mrk] 
[Total. = 4 rnatks] 

Question 26 
The equilibrium consrnnt e::pression for a gaseous reaction is as follows. 

K- [Nz}[02] 
" - [NOf 

(i) ..,;Y/rite the equ~uion for this reaction. 

(ii) 0A00 moles of NO was placed in a 1.00 L vessel at 2000°C. The equilibrictm 

concentration ofN2 was found to be 0.198 mol L-1 • 

[1 mark] 

Calculate the equilibrium constant for this reaction and use this value to describe the 

position of equilibrium. [3 marks] 

(iii) \Xlhat could be changed [hat would result in a different value of K for tl:is 

equilibrium? [i rnark] 

[BOS 2012 Q346; Total = 5 marks] 

Questior.. 27 
r·,Jitrosyi chlmide is introduced il1io ?,n er::ipty container. It then diss,xiai:es into nitric 

rnjde and chlorine 2.ccording m tl1e equation: 

2NOCl(g) "'7 2NO(g) + Cb(g); the reaction is endothermic. 

(i) Explain the effen on the yield ofls.lO(g) if the ternperature is increased. [2 marks] 

(ii) 1T}1e equilibriutn constarrt} l(~Po for the reaction is 0.028. Calculate the equiJibriu.n-1 

concer>trac~on oiNOCl(E) if the equilibrium concentmtion of is 0.17 mol L- 1. 

[3 nuri,s] 
lBOSTES 20t 0 !- Q32G; Tmal = 5 marks] 
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Question 28 
(i) Methane and water vapour react to form carbon rnonoxide and hydrogen in a closed 

container as shown. 
CH4(g) + 1--hO(g) ~ CO(g) + 3H2(g) E>H = +206 kJ 

Compare the impact on the equilibrium system of a decrease in volume of the 
container to the impact of a decrease in temperature. Refer to the equilibrium 
constant in your answer. 

[3 marksl 
(ii) Solid ammonium hydrogen sulfide (NH,1HS) decomposes to form ammonia gas and 

hydrogen sulfide gas (H2S). 2.00 moles of ammonimn hydrogen sulfide were placed 
in a sealed 3.00 L container and the system was allowed to reach equilibrium. At 
equilibrium, there were 0.0328 moles of ammonia gas. Calculate the equilibrium 
constant for this reaction. 

[4 niarks] 
[BOSTES 2016 Q31c, Total= 7 marks] 

SA- Solution equilibria 

Question 29 
25.0 mL of 0.0020 M potassium chromate is mixed with 75.0 mL of 0.000125 M 
lead(II) nitrate. Will a precipitate of lead(II) chromate form? 

K,p of lead(II) chromate is 1.8 x 10-i\ 

Que!l':ion 3(l 

[2 marks] 

Determine the solubility of silver chromate at 298 Kand detennine the concentration of 
the N10 ions. 

[3 marks] 

1Qu 1~sti'C>n 31 
Estimate the solubility ofbariurn s1Jlfate in a 0.020 M sodium sulfate solution, 

.R:,p (barium sulfate) :..:: Ll X rn-10• 

['2 madrn] 



Qncs:tion 32 
'Tb_;:; 6~.,Uo\ving; fc:tt! subsLu1ce.s aH dissol\re to sorce e:~('.~ent .in \\.'ater. 

pc ta 0·ciu.m d, lm~de 
p rc,·p ,,n <'.-o j 

glucoE;e 
lTiagne~.i1.1.:11 hydrc:)~sidt 

'Tl.:.ese :::uL st:E1ce~~ can be cla.ssiDed ::t.~: an electtolyte or a nc)nelectsolyte. 
Cls(Jose an e!.ectt()_hrte and a r1onelecuolyte fi:orn the list arid exphun tl1e reasons fry;:_· rheir 
cl:1sFifica:::lo:n, 

Question 33 
1-.,Ja1r1c o:ne io.nic ari.d o:c.e .rnolecu.L:1r cc-1npc1und ~nd describe "'",;;vhat happens ,,v11e.n each 
dissolves in a polar sohent. 

[2 rnaks] 

Question 34 
Cadrniun-i .is a highly· toxic e1r;;rironrnental pcJtllutant tl1at enxers \Vaste-Yv:o.xe:rs associated 
\Vith zinc smelting ,md in some elecrroplating processe?. One way of conl:rolling 
cadtniu:cn. J:n eff!uent strea~ns is to add sodirt.rn hydroxide, -.,_1ihich precipitates 
insoluble Cd(OI-'1:)2 (K, = 2.5 :< 10-1'). 

If 1000 L ,•:Jf a certain wastewater comains Cd2+ at a concen~rztioa of L6 >< 10-5 fit, ,;;:,hat 
concenrration of Cd"+ would rernain after addition cf lO L of 4 lVI l'hOH solution? 

[3 n12:cks1 



Chapter 2 
Module 6: Acid, ase Reactions 

6.1 Properties of acids and bases 

Question 1 
Which of the following combinations are the correct properties for an acid? 

(A) Has a soapy feel, bitter taste, turn blue litmus red and is an electrolyte. 

(B) Corrosive, has a soapy feel, conducts electricity and is a good preservative for some 

food. 
(C) Has a sour taste and a soapy feel, conducts electricity and is corrosive. 
(D) Has a sour taste, can be used as a food preservative, conducts electricity and turns 

blue litmus red. 

Question 2 
Inorganic acids are named according to IUPAC nomenclature. Some earlier non­

systematic names are also accepted. \Yv'hich one of the following alternatives is correct? 

(A) 
(B) 
(C) 
(D) 

Question 3 

IUPACname 

The correct IUPAC name for HNO2 is: 

(A) nitric acid. 
(C) nitrous acid. 

Quesdon 4 

Common 11ame 

Phos boric acid 
Phosphine 
Phos boric acid 
Phosuhoric acid 

(B) hydrogen nitrate. 
(D) nitrite acid. 

Wbid1 om· of the following is not an acid--base indicator? 

(A) Methyl violet 
(C) Methyl propanoate 

(B) Methyl orange 
(D) Methyl red 

Use the following informadon to answe}t· Quesdons 5 aDd 6. 

2.00 g of sodium hydrogen carbonate was added lo 100.00 mL of 0.45 M hydrochloric 

acid. 

Question 5 
What volume of gas was produced at 25°C and 100 kPa? 

(A) 57.01 mL of C02 
(C) 57.017 mL of H2 

(B) 570.17 mL of C02 
(D) 570.17 mL of I-h 



Ques,tion 6 
\Xa1ich. of the Le.aciant~; \)/t:re i:11 e:;:cessr'' 

(_,_L\.) 0.023 g of s~)cLiurn hydr1=:•gen C"+-1:bonate \:Ias in excess. 

(B) C.022 moi ot hyclrnchbric acid '.V?,S in e,:cess. 

(C~) 'Ti1:.e re~1cu~nts cr:)rnplete1y te~1-ctect 

(I)) There is in.:suf:ficit:r1t data IO detern1.ine '.U"l ans\Y'i'::'.f. 

Qucsti:n~ 7 
it diagr~an of d1c.: p,eriodic t?tbte is sho·,,x.rn_ t•clo~vo /·the pcsJtioe.s c1f six ek:n-ients 3se shc:i-,1.:--n 

using the bbds I, II, III, IV. \ 7 :1.,ld \ 7 L 

r··-·-·- ---1--i 
: 11,· v' I 

G( I 
I, 

I-' 

~----....... ,. .. ,,. ____________ ··--··-·-----·----·" ·--·- -~::·J 
'"i]1e c,jdes of these eie~rn:i1ts ·will react with ::.cids or bases or ,;vich both acids and bases. 

\;{/hich oru::' c f the follo:\·ving a1tetn:;~ti-ves is co.rrectl) 

(AJ 
(H) VI 

II 

II 

vdth Oxide 

II 

I 

V 

VI 

·- ~ t ------ . ----- • • 'f ,f ~ --, 

O .'qt•7iP ·.•,,,c,,~,c- .,,71•}·• •v>N• r,,·,,,·l" I _..,.)_..c.l .,!OL., ,• .. ~a.:1--~,t..D ,,-_ ·..J:_,: Jc /L, ~..f'C.-(.1. ._a;.._,_..-'--~''-" 

:/UJar writh ,bzses 

EI 

III 

rv 
rv J 

--~--------~------------

Ct:ues cior, S 
3iri ce tb_c 1770s, sevett.L! c:lefinition.s h:1~le bee.1-1 sug:gest,::cl fo_~" an acid. \;(lhicl,.,~ scientist '-Vas 

the first to :;ug,gest 1:bat acids coets,in h:?drogen? 

(.B) Davy 

(Juesdori 9 
50.0 nJ.1, of 0,025 1Y1ol I__,-1 bari[..UT1 

0.35C :,;c,l ~ 1 hydro::bloric acid, 

(A) 0.0025 .cnol 

tQu,c'.S:ti•Hl 10 

(C) Ju:;henius (D} EreJnsted 

'Ihe id.e::::,l pH ,;Jf scJ~l is 6-7, Tf -che sc,,jJ is toci acid!.c; 11Y:'.tal .ions:, ::,uch as a}ur:i21niuro: that 

BJ\~ to:.;::ii: ... to pJints, are rei,::a:sed 2s the~; cJrnpou,1.ds bec(:i:t1H: s.:Ji!_ll Cle. Gai:cl::r:u:-rs Lu:utt~d .. ise 

the soil's ac.idit) bT;- acldir1.g a 8trc:.rLg bs.se, s11ch_ :: s: 

(,i) arnri"1oni:1. 
(C) amrnor11um n 1rratf .. 

(1/J) calcia1n t,ydrcx~clc. 
,(D; phmolpi:-1tbabn. 
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Question 11 
The neutralisation reaction of an acid and 8. base produce a salt and water. 
Which of the following pairs of substances are involved in the neutralisation reaction? 

I Nitric acid and copper(II) oxide 
II Nitric acid and calcium hydroxide 
III Hydrochloric acid and sodium carbonate 
IV Phosphoric acid and magnesiurn oxide 

(A) I and II only 
(C) I, III and IV only 

Question 12 

(B) I, II and IV only 
(D) I, II, III and IV 

A man suffering from gastritis. He takes an antacid tablet to lower the acidity in his 
stomach. Which of the following chemicals are found in antacid tablets? 

(A) Sodium hydroxide 
(C) Salt water 

Question 13 

(B) Lemon juice 
(D) JVIagnesium hydroxide 

Which of the following substances is most suitable to be applied on acidic ant bites? 

(A) Vinegar 
(C) Lemon juice 

Question 14 

(B) Baking powder 
(D) Ethanol 

Consider the reaction between hydrochloric acid and sodium chloride. Is the enthalpy of 
the products more than that of the reactant? 

(A) There is no enthalpy change. 
(B) The products are more as it is an exothermic reaction 
(C) The products are less as it is an endothermic reaction 
(D) The products are less as heat is lost to the surrounding. 

Question 15 
In which row of the table below are the listed oxides correctly classified? 

(A) 

(B) 

(C) 

(D) 

Acidic 

C02 

Na20 

C02 

SO, 

Basic 

Na20 

C02 

MgO 

K20 

Neuual Amphoteric 

S03 Alz03 

H20 Alz03 

I-hO ZnO 

co C02 

[BOS 2012 Q15] 



Que:,ai,e>n 16 
fvfethy-J \).Lange., l1rom.c~th yD.1cl bh.:h~ ::tnd phenolt=•hth~1leb:1 iridic~1torF- ,,1Jcr1::: n1ixed t(~gelner 

to forrn a sc,lntion. Ch:cr \'ilhJt pI-:l rang,.:: \VCTd.d rhe solation be ~?elknv? 
·-·1 -~---f ··"- I "7-~ ~~--1 ~-.- ·-···-J·~·1 . ""7 
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r·•i.e·•,--•1•-r--~~-.1•-·t:11l"lilllll•,-;< ... ~--1'"'· 1~,, ..... ,1r--111t1)--'•'rr•u·•··"~ 
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( _,,~,!~····-· .!.-.,.~ _____ l., , ~--) ·-~--' ··•--··i -'------'---- l -~ \ ____ , ····-·· _( 

o .:.. rJ tt to 1 1 1 ~--. r~. i L} 

(A) 0-14 (C) 3-7.5 (D) 4.5-6 
[BOS 2012 QTI 

Question 17 

A representation of the Periodic Table is shuwr:_ below. The position of six different 

elements, P, Q, It. S, T and U are given. 

'vi?hich row of the follmving table shows the correct acid and br,se reactivities of the oxides 

of these elernents? 

I Oxide reacts witb Oxide 1°<:£1cts witl1 base Oxide l'eacts with both ,
1 

I a:cid only on~v acid and base 

(A) I P, ';_' R, u Q, s I 

(B) 1 P, R T, u s -7 
,_------------+---------------c---------------; 

(C) I R P, s T, u I' 

(D) 
:-----

Q, S R, U P,T : 
[BOS 2013 Q6] 

Question 18 
Which row of d1e table correctly n:rntcbes the scientist(s) with their theory of acids? 

(A) 

(B) 

(C) 

(D) 

I Sck:ntist(s) T11eo1;11 I 
~-------,...----- ----~·1 

Arrhenius j Acids contc:iin oxygen 1 

Br0nsted and Lo\,Vi')-.~-·IA~i:ls are proton donors 7 
I Acids are able to produce hvdrocen ions in ,vater __ j 

Lavoisier ------1 Acids~~1~~_in hydtofen _ 
0 

_______ \ 

[BCSTES 2014 Q3] 



Qm~stion 19 
This table beiow contains inforr:nation on three indi_cators. 

Lvdfcatox CaloHJ: (iowerpH -#glierpEf) 
orange 

red 

PbenolphthaiejJ1 ___ [_8_.:>_0 -_l_O_.o ____ ~ _________________ J 

A substance is tested with each of the indicators and the results are recorded belo\v. 

(A) Lemonade pH 2.9 
(C) Tap water pH 7.2. 

Question 20 

I.t1dk:ato1· 1Colou1: 

Yellow 

Y"ellow 

Colourless 

fB) W/hite wine pH 4.2 
(O_I i\mmonia pH 11.2 

[13OSTES 2014 Q7] 

The oxides CaO, C02, Na20 and N20,1 are placed in water to forrn fom separate 
solutions. \X!hich row of the table correctly indicates the solutions wit.h pH less than 7 
and the solutions with pH greater than 7? 

(-A) 

(B) 

(C) 

(D) 

Question 21 

p.lI Jes8 than 7 

C02 }\1204 

CaO l'Jz04 
Cao Na20 

C02 ·Na20 

Solutions 
pI-I gtccate1· th:w 7 

Cao Na20 
1C'0·2 Na20 

C02 N204 
CaO J\Jz,04 

[BOSTES 2015 QS] 

\Xlhlcb indicator in the table would be best for d.istinguish.ing bet\veen lemon juice 
(pH= 2.3) and potato juice (pH= 5.8)? 

(A) 
{D) 
(C) 
(D) 

Indfcat01· 
violet 
orange 

Bromotlrn:nol blue 
Phc:nolnhthalein 

Colou..r at dilTe,re.o.t _pI---J." 
Q2- 1.8-blue 
3.2 - red 4.4 -
6.0 - 7.6 -- blue 
8,2 - colourless 10.0- ink 

[BOSTES 2016 Q7] 



(~uestion 22 
\)?l1ich con:1bir1:1tion of eg.uirnoL\r solutions \7c)uld prod· . .1ce the rnost basic rrdxtr..1re.? 

(A) i,cetic :1eid and b3£iL1m hydroxide 
(H) Acetic acid and sodium rnrbonate 
(C) SLtlfodc acid and bzrium hydrmjde 
(D) S,,lfuric acid and sodimn carbomtte 

6.2 Using Brnns ted-Lffwty themy 

iQuestion 23 
The pH uf some common substances is given in thE diag-i:am belo,.v. 

tc+n1;1.r:e: 

~uice 
don.dy 

JnraciJ ;'.~;;'li:\Tr.CUL"'C 

[BOSTES 2016 QG] 

i, . _,_ I I 
,.n, .. ,,. I . I di.srilled I I OVC,1 

t Htn(:',\'i:<: 1:er! ck·-.1.~~cr ' •. ,van::r so::1[) d~•:·:ner 11 vm4,ar I 
L..,,,_,! _..J... , , l. __ L __ l 

J 9 10 n 12 l,l 

pH 

Four sLuden·c,: were asked to compw:e the hydrogen ion concentration, [I-r+], of pairs of 

soiutions. Their staternents were: 

Stttdem' 1: In vinegar, [H+] is four tirnes greater than in cloudy 2,tnrnonia 

S tltdent 2: The [H+] is twice as large in antacid as it is in coffee. 
Student 3: In soap, [H+] is 10 000 tirnes gre~~tter than ir1 o,ren cleaner. 

Stt1dmt 4: The [H+] is 1000 times larger in tornato juice than in brick cleaner. 

\Y/hich student's staternent is correct? 

(A) SiLdent 1 (B) Student 2 (C) Stude,1t 3 

Question 24 
A student is asked to compare solutions of 1:'J.To acids. Acid I is CLSO mol L~i citric aci.cl 

and acid II is 0.050 mol C 1 nitric acid. \X!l1ich one of the following statements is correct:, 

(fa-"-) i\_cid I is stronger thruJ. acid II and ac1-d I is rnore concentrated, 

(B) Acid I is weaker than 2cid II and acid I and more concentrated. 

(C) Acid I is stronger th,m acid II and JLid I is more dilute. 

(D) Acid I is weaker th:m acid II and acid I and more dilute. 

Question_ 25 
The pB values and concentrations of four acids are given in the table belo01. 

Acid pH Co11ce11u:c1tio11 

I 0.20 

II 2.06 0.10 

III 3.77 LOO 
I\T 4.78 0.50 

V/hich acid is the strongest? 

(A) Acid I (B) Acid II (C) Acid III (D) Acid IV 



26 Cambirk!ge Checlcpoir!ts Chemistry 

Question 26 
The concentration of a barium t1v,jrc,x1Cle solution is 5.00 >< 10-3 mol L-1. Assume that 
the substance is completely dissociated. What is the pH of this solution? 

(A) 2.0 (B) 2.3 11.7 12.0 

Question 27 
\Vhich one of the following aqueous solutions will have a pH of less than 7? 

(A) Sodium acetate 
(C) Ammonium chloride 

Question 28 

(B) Potassium chloride 
(D) Sodium nitrate 

The pH of a 5.0 x 10-5 mol L-1 solution of barium hydroxide is: 

(A) 4.0 (B) 4.3 (C) 9.7 

Question 29 
A solution has a pH of 3.0. The concentration of hydroxide ions in this solution is: 

(A) 3.0 mol L-1 

(C) 1.0 x 10-11 mol L-1 

Question 30 

(B) 1.0 x 10-3mol L-1 

(D) 3.0 x 10-14mol L-1 

During the reaction of magnesium with dilute sulfuric acid to produce hydrogen gas, the 
pH of the reaction mixture would: 

(A) rise from a low level. (B) fall frorn a high level. 
(C) stay constant at a low level. (D) stay constant at a high level. 

Question 31 
The pH of 0.1 mol e·1 solutions of acetic, citric and hydrochloric acids was measured. 
Which solution has the highest pH? 

(A) Citric acid (B) Acetic acid (C) Hydrochloric acid 
(D) The pH of the three solutions is the same. 

[BOS 2012 Q11] 

Question 32 
Which of the following changes take place when 50 mL of water is added to 50 mL of 
0.1 mol L-1 acetic acid? 

(C) 

(D) 

pH 

Increase 

Decrease 

Increase 

Decrease 

Degree of ionisation 

Decrease 

Increase 

Increase 

Decrease 

[BOS 2012 Q18] 
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i HA BA H.1\ 
\ I 

11:'" A IC 

HA 
HA 

Add.I 

Question 33 

HA 

Add II AddU.ll. 

\Vh.ich of these mode;s depict rl1e behaviour of a strong acid? 

(A) Acid I 
(C) Acid JI 

Question 34 

(B) Acid I aild II 
(D) AciJ II and lV 

Choose the correct answer to match the p,:operties of the four acids. 

Acid I Acid II Acid III 

(A) 
Strong and Weak and fully I VJ eak and dilute 

concen trn ted dissociated 

(B) 
'Jveak and Strong and 

W/ eak and dilute 
concentrated concentraed 

(C) 
Strong and \YJeak and i 

i ·weak and dilute 
concentrated concentrated I 

(D) 
Strong and Strong and I \XT eak and dilute 

concentrated concentrated I 

Question 35 
\1(7tat is the pH of a 0.018 mol L-1 solution of hydrochloric acid? 

(A) 0.74 (B) 0.96 (C) 1.04 

Question 36 

lf 

Add lV 

Acid IV 

Strong and dilute 

Strong and dilute 

Strong and dilute 

'J(/eak and dilute 

(D) 1.74 
[BOS"[ES 2014 Q14] 

If ex:lctly one grai:n of each of d1e following compounds is treated witi1. excess r:ydrochlor~c 

acid:, vihich \vould release [he greatest volun1e of C02(g) at 25°C and 100 kI-'a? 

(D) NaHCO, 
[BOSTES 2014 Ql5] 
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Question 37 
The diagram shows the pH values of some substances. 

Lemon .~ .),:a 
juice \yin~ Miik wat'.ct Soap Blead1 

l¼king 
Stom:idi Owige ') . 

h.aHi Di.,,tilled soda Laundry Ovet1 
add jtuC(; w:i.ter W.11:cr mluciotJ. detergent clcauer 

J 
0 2 3 4 5 6 '7 8 9 JO 1' . I 12 13 14 

Based on the information provided, which of the following statements about the relative 
concentration of hydrogen ions is correct? 

(A) It is 2 times higher in bleach than in milk. 
(B) It is 10 times lower in stomach acid than in soap. 
(C) It is 1000 times lower in distilled water than in wine. 
(D) It is 100 times higher in laundry detergent than in balr.ing soda solution. 

Quesdon38 
The graph shows the pH of a solution of a 
weak acid, HA, as a function of temperature. 

\lVhat happens as the temperature decreases? 

(A) H.A becomes less ionised and the I-r concentration increases. 
(B) HA becomes less ionised and the H+ concentration decreases. 
(C) HA. becomes more ionised and the 1--i+ concentration increases. 
(D) I-IA becomes more ionised and the Ir concentration decreases. 

Question 39 
Which of the following solutions has the highest pH? 

[BOSTES 2014 Q12] 

[BOSTES 2014 QS] 

(A) 1.0 mol L-1 acetic acid (B) 0.10 mol L-1 acetic acid 
(C) 1.0 mol L-1 hydrochloric acid (D) 0.10 mol L-1 hydrochloric acid 

[BOSTES 2015 Q13] 

Question 40 
20.0 mL of 0.020 mol L -I barium hydroxide solution is added to 50.0 mL of 
0.040 mol L-1 hydrochloric acid solution. 

What is the pH of the final solution? 

(A) 0.2 (B) 1.6 (C) 1.8 (D) 2.9 
[NESA 2017 Q20] 



(lu.cstim, 41' 
\Xlhicb of the 

()·,;.,er:lion 42 
l\ 1:d~ 3J) s.olv.t.~{)_i:1 cf 

(C) (I)) I-LSC,, 
[r-JESA 2017 ()5] 

~------~-:~:-;_(-._,J_u~~~;; of c-,-1:_-1:S_?_i_n_,~--1-·· -s-r::J_.l_:L-,t-_.z-tt-,i~-?1-(-.·i_r_t~-11- -)--~--F--:LJ-·-:.__-lr_.i_D_·_.l.'-..,c-, -a-,f-,.-r-/1:~ tet' :r:~~1~~hc:c.I (irtt,:f· ] 

1- _______ .. _10_c_1 --------+--------9c_10__ I 
100 1000 

i------------------+---------
1 10 990 
i -~----~---~----

lOOO 
[BC)S 2CH3 0'.15] 

6.3 (]'.u:antlitat1ve analysis 

(!1ues,·tion 43 
_A. solution \Vas obtaii1.ed by boiling fio-.;;uers in \,Vater. J-\.fter \rarious substances \Vete added 

to sepa:.:ate samples of the solution., the colour of eKh vrns r,o'.ced, 

~, _L_.i_t_s_tJ_U_e_c_l_\_-;.r_:?_t_e_r ____________ --]?-~ight yeL._'1,_::.;,_·'.-:-_,; _____ -i 
-! . . . ' 

0.001 rncl L-1 l:'.faOH(aq) Bright yellow 

0.01 rno} L-1 NaOH(eq) j Bright yeliow 
--1 

i 
_ __J 

For 'Nhich c)f the foJJo:~,;7lng titrations ~~:-:.rouid it be t4.:::ipropriatc to u.se this solution as an 

i:ndiC9stor? 

(A\ HCl(c,;T) + l',fflc(aq) (I\,) HCl(aq) ~- l'JaOH(aq) 

(C) CI-hCOOH/aq) + :NH/,1qi (Di) CH3':10{)i{(aq) + r,J"aOI-I(aq) 
[BOS 201.3 QE:] 

Question 44-
25.0 mL of a 0.100 rnol L-1 acid is to be titr::cted against a si:icliurr, hydro::ide sc::;lution until 

fi.1~al equi\ralence is reached, 

\}?hich of the folJmving ~,cids, if used in che titr:.;.tion, would >:equi,:e the gre,n::e~t volume 

of sodium hydroxlde? 

(A) Acetic (B) Cicric (C) Hvdrochloric (D) Sulforic 
[NESA 2017 Q13] 
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Question 45 
V./hich of the following could be added to 100 mL of 0.01 mol L-1 hydrochloric acid 
solution to change its pH to 4? 

(A) 900 mL of water 
(B) 900 mL of 0.01 mol L-1 hydrochloric acid 
(C) 9900 mL of water 
(D) 9900 mL of 0.01 rnol L-1 hydrochloric acid 

Question 46 

[BOSTES 2016 Q12] 

40 mL of0.10 mol L-1 NaOH is mixed with 60 mL of0.10 mol L-1 HCL 

\Xfhat is the pH of the resulting solution? 

(A) 7.0 (B) 1.7 (C) 1.4 (D) 1.2 
[BOSTES 2016 Q18] 

Quet>tion 47 

Acetic acid has a pKa of 4.76. How would an unknown acid with a pKa of 3.29 be 
classified? 

(A) It is weaJ.::er than acetic acid. 
(B) It is stronger than acetic acid. 
(C) Insufficient information has been supplied to classify it. 
(D) Its K, value is 1.8 x 10-5_ 

Question 48 
A buffer solution has a pH of 7. Dilute sodium hydroxide solution is added to 200 mL of 
this buffer. \Y/hich of the graphs below shows how the pH will vary during this addition? 

(A) 

(C) 

!47 
nl 

;~tj __... ... ---~-----------
pH 6 

4 ,, 
() . --.,-·~-;-~•~,--.. , . .-,.-,,...--.... -,..,. ...... , 
o zn •in 60 ao 

MJ 
12.J 
lO~ 

Bi 

's.½lmn< ofN,OH (ml.) 

pH~! ~,,, 
0 ..l----i--,•----;-- -·r·---,~---··;"-,----, 

0 ZO ,Jo {iO 80 
Wllmut -of N·iOH (mL) 

Question 49 

(B) 

(D) 

Hr 
1') 

lO /' 

' pH 6 

~L-~~~~ 
020-,06030 

\4Jlua1c o-fN~OH (rnL) 

Wnich one of the mixtures below would not produce a buffer solution? 

(A) HN03(aq) and NaN03(aq) 
(C) NH4Cl(aq) and NH3(aq) 

(B) NaH2P04(aq) and Na2HP04(aq) 
{D) Sodium citrate(aq)/citric acid(aq) 



Quesdon 50 

}\. s~·ndent h~ asked to tittl:tt: a st.Lc,,:1g b;1t;e "\vJ.th ;:l :it_tong Leid l1s.ing the procedu.re outlined 

belo\N to deiennine the concernration of the rrc;d, 

L A 1:mrerte w:1s ~in,:ed with the ~.c1d, en-1pcied au! tLen fill.ed with the solution e,f the 

acid. 

2. /\ .. co:c.1.ical fl:1sk was .rh-:sed \1,1j th \Vi:ltet. 

~1. j_1~ pipette \V?.s ri.11sed \\?ith \V:?,:cer ~~nd then used to trarisfer a voh1rne of ·d1,c st:1:ndatd 

b:1se solution to the coJiiul fhsk. 

4. 11-n indicatc~t \Vas added to the solution of che base and th~ acid ')las :::.dded fron1. the 

burctte until. the indic2.tor clnnged coiour 

The st1Jdent then rnlculates che co,1 cen1:rntiot1 of the acid. \);1l1ich one of the following 

slaternent;:· about h.is value is correct? 

(.i-1) J-Es acid concentration \ffili be too high. 

(B) His ~.cid concentration will be rco low. 

(C) It is not possible to re,,ch a c:ondusion about the acid concemr2,cion si<ice his 

technique 1_vas faulty. 
(D) His acid concentration will b,:: correct. 

·Questio1~. 51 
A srnder:t carried out a citration by adding 0.100 mol L .. 1 HCl from a burette to :20,00 mL 

ofNaOH sGlution in a conical flask. During the titration the pH in the Hask was 

measured and plotted against the vobme of HCl added. Curve I resulted. 

~,1-.· -- --,-" 
I 

1,: ··/ .. -~-~---···-. 

' ~(;~ 

pH ~J ' .... ,_J., ...... , ............. . 
; 

In a second titratio1: 0.100 mol L .. 1 BCl was added to 20.0C mL of a different base. 

Again,, the pH of the liquid in the flask was rneasured. The result was curve IL To find 

the equivalence point in acid-base titracions, several bdicators are used. The table below 

gives the relevant infom12.tion for fOL.1t of these indicators. 

------------i----~------~, "-----------~----------~ 
I' Ran.i.te oicolouP 

11:xclic:d!lor 1 _4.clt..iic colou,r ._ 13a~:ic colov.1· 

Thy1nol blue 

Methyl red 

Bromothymol biue 

Phenol red 

! cl1an,2·e 

I Red 1.2-2.8 

I 4.4-6,2 

Yellow 6.0-7.6 

i Yello\v G.8-8.4 

i 
i Yellow 

Yellow 

i3lue 

lled 

Using this information which indicator would be suirnble for both titratio11s? 

(A) Thymol blue 
(Cj Bromothyrnol blue 

(B) Methyl red 
(D) Phenol red 



Question 52 
A strong base is used to titrate a soluti.on of a weak diprotic acid. The equivalence point 
is reached when: 

{A) the indicator changes colour. 
(lB) equaJ moJes of the base and acid have reacted. 
(C) the molar ratio of acid to base is the same as that required by tl1e chemical equation. 
(D) dit: pI-i is 7.0. 

The:: fbllowing iniozmadon is Deferred to in ,Questions 53 ,md 54. 

A student wishes to deterrnine the concentration of ethanoic (acetic) acid in vinegar. The 
student titrates 8. 20.00 mL sample of a standard sodium hydroxide solution with a 
diluted vinegar solution from a bw:ette. Four expenments were carried out and the 
following titration results were obtai11.ed: 21.65 rnL, 22.35 mL, 22.30 mL, 22.35 mL. 

Question 53 
The discrepancy in 1he first titration co1.1ld be due to the student washing: 

(A) the conical flask with sodium hydroxide solution only. 
(B) the pipette with water only. 
(C) the burette with water only. 
(D) th.e pipette with sodium hydroxide solution only. 

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

(A) use a pipette to deliver a known volume of commercial vinegar into a volun1etric 
flask and add water until. it reaches the mark. 

(B) use a measuring cylinder to deliver a known volume of commerci::il vinegar into a 
volumetric flask and add water until it reaches the rnark. 

(C) deliver a knmvn voh.une of commercial vinegar from a burette into a measuring 
cylinder and add water until it reaches the mark. 

(D) measure cl1e volume of commercial vinegar from. a pipette into a conical flask and 
then add a known volume of water from a biitette. 

Question 55 
Dinitrogen pentoxide reacts with water to form nitric acid. The relevant equation is: 

Sodium hydroxide reacts with nitric acid as follows. 

2.16 g of dinitrogen pentoxide is reacted with a11 excess of water. The resulting nitric acid 
is neutralised by reaction with 0.25 mol L-1 sodium hydroxide solution. The volume 
required is: 

(A) 0.010 L (B) 0.080 L (C) 0.160 L (D) 6.25 L 



Question 56 
\}\'1'1.ich of th_e follO\'✓ing is ~1 conjugate a1..:~d-bRse pai-1) 

(A) l-LCI/OH 

(C) H:,O+/OJ--f 

(,lutstion 57 
\X/hich 1cid/b,ase pair could act as a buffel? 

(A) H30'/Ez0 
(C) HNO,/NOj 

Question SS 

(B) 1-LO'/HCl 
(D) I-lD+/0' 

(B) Hl)/O~T 
(D) H2PC•+)HPO.,c-

[BOS 2012 QS] 

\)[lhich pieces of glass,va!e should be used when preparing a p.rin-,a:v si:andard solution? 

(A) Pipette, burette and conical flask 
(B) Dropper, watch glass and pipette 
(C) Beaker, [ilEer fc1nel a.nd volume~ric fhsk 

(D) Measuring cylinder, stirri.-ig roe! a!1d co:Gical flash: 
[BOS 2012 Q·1-] 

Question 59 
\)[/hat rrrnss of axihyclrous sociium carbonate is required to neutralise 100.0mL of 

CJ.SOO mol L-1 aceric acid? 

(Al 2.65 o-
c , b (B) 5,30 g (C) 10,6 g (D) s:-LG g 

[BOS 2012 Q191 

Question 60 
A 25,0 mL sample of a 0.100 mol L-1 hydrnchloric acid sd.1tion cornpletdy reac:ed. with 

23.", mL of sodiuff, hydroxide solution. 

\X?hat volume of the sarne sodium hydroxide solution ,VOL1ki be required m cornple1ely 

react wid: 25.0 raL o::' a 0.100 mo! L-, acetic acid soiution? 

(A) Less [ban 23.4 rnL 
(B) 23.4 mL 
(C) More than 23A :T1L 
(D) Unable ·co calculate unless the concentration of the sodium hydcoxide solution i~ 

also known 

Question 61 
The folbwing eq11atlo~ represeru.,· J. cb.".1,-1ical systen1 in equilibriurn: 

Oef (aq) -:- H20(,) ;::c: H0O(<1q) + 0 H- (acj) 

\X/hich of the follmving is a::1 acid/b.:.se coniugate. paic? 

(A) H20/HOCl 
(C) HOC:1/0Ct 

(B) HOCl/OW 
(D) oci- /I-IzO 

[HOS 2013 Qi 7] 

[BOST3S 20! 4 Q10] 
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Question 62 
\1Vhich type of glassware is used in a titration to deliver an accurate volume of a solution 
to a known volume of another solution? 

(A) ) \ (lB) 

~ I t / \ 

~ il 

Question 63 
The graph shows the changes in pH during 
a titration" 

\V:hich pH range should an indicator have to 
be used in this titration? 

(A) 3J-4A 
(C) 600-H 

Question 64 

(B) 500-800 
(D) R3-rno 

(C) 

~ 
L~J 

Which of the following is the conjugate base of the I-:!zP04 - ion? 

Question 65 

(D) 

[13OSTES 2015 Q2] 

Volume (mU 
[BOSTES 2015 Q14J 

(D) HPOF 
[BOSTES 2016 Q10] 

One litre of an aqueous solution is formed from mixing equal volumes of 02 rnol L-1 

hydrochloric acid and 002 mol L-1 sodium chloride" 

How effective as a buffer is the aqueous solution formed? 

(A) Ineffective, because HCl is a strong acid 
(B) Effective, because c1- is the conjugate base of HCl 
(C) Ineffective, because NaCl forms a neutral salt solution 
(D) Effective, because the pH would change when a solution ofNaOH is added 

[NESA 2017 Q14] 

Question 66 
In an experiment, 30 mL of water is to be transferred into a conical flask 

Which piece of equipment would deliver the volume with the greatest accuracy? 

(A) Burette 
(C) Test tube 

(B) Beaker 
(D) Measuring cylinder 

[NESA 2017 Q1] 



6.1 Properties nf adds and bases 

Que.;;iion 1 
(}udln.e the characteristJ.c properties of :.-1.cids ?ind bases in t1que0Es solu.tion. 

[4 rnarks] 

Question 2 
Complete the table cdovv: 

>--c;-~_0_1_11-p_o_u_._o_d_._1_1=_''_11_1_e __ ,_1· __ R_~o_, _1:_tn_._l_l.l_a __ .,....,. ___ c_._0_1npou11d na_• 1_'1_1._e_· ---il __ .F_. -_o_r_,_m_._u_l_f._' -I 

·Pot:zissiurn hydroxide ~ _,:_1'>.._rr1n1onia 

Nitrous acid Carbonic acid i 

Sulfu.rous acid Phosphoric acid I 
! S ulfur{c 2ccid ! Barium hydroxide i 

Hydrochloric acid i Sodium hydrogen carbom.t:"'. l l 
[10 n1arksj 

Question 3 
An old ren1edy for heartburn was 1:0 drink a water mixed \vith bicarb soda (sodium 

hydrogen carbom.te). 

Write 8. net equation for dus neutralisation reaction. 
[2 marks] 

Question 4 
In coal-fited po-~.ver stations, lin1estone slurry ( calciutn carbonate) is c1sed to scru.6 acidic 

sulfor dioxide g:,.s fron1 eft1uem g,ises. as it is a pollutant. 

'-,X!rite a balanced equation to shmv this .ceaction and narne the products. 

Question 5 
}u-iracids p:roducts used for treating heartburn, caused ec:cessive acid (mainly 

hydrochloric acid) in the stornach, contain alrnrtinium hydroxide and magnesium 

hydroxide. 

\;(!rite b,tlanced equations for the neutralisation reactions of the antacid. 

Q,1estioa 6 

[3 nud,sl 

r2 marks] 

The acid-base properties of oxides of elements depend on 1he position of the element in 

the periodic table. 

Give examples r.o SlLpport rh1s statement. I11clude acidic oxides, basic oxides "u1C:. 

amphotei:ic oxides. 

Question 7 

[4 ,mrks] 

Effluents fr01n electroplating contlin sdfrn:ic ~tcid afld is treated ,vith lirne, c;:"1.ciurn oxide. 

Write a complete and net equations for this reaction. 
[2 rnarks] 
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Question 8 
(a) Outline the experiment you have conducted to measure the enthalpy of 

neutralisation. (2 marks] 

(b) Sketch an energy level diagram to show that the reaction was exoti½ermic [1 mark] 
[Total= 3 marks] 

Question 9 
Some natural indicators (beetroot, blueberries, curry powder and red cabbage) were 
tested with a range of common solutions and the results are shown in the table below. 

Solui.io11 Beetroot Blueberiies Cw-ry powder Red cabbage 
Brick cleaner Red Red Colourless Orange 
Vinegar Red Red/purple Colourless Pink 
Rain water Red Purple Colourless Purple 
Pure water Red/purple Green Colourless Blue 
Baking soda Purple Green Orange Blue/green 
Floor cleaner Purple Green Red Green 
Oven cleaner Purple Green Red Green 

Discuss the usefulness of each indicator regarding its ability to distinguish between the 
solutions used. 

(3 marks] 

Question HI 
'The Brnnsted-Lowry theory doesn't go against the Arrhenius theory in any way - it just 
adds to it.' hJ1.os:/ /www.chemguide.eo.uk/phvsical/acidbaseeqia/theories.html 

Explain this statement and include examples to support your answer. 
[4 marks] 

Question 11 
A :,tudeni investigated how the volume hydrogen produced in the reaction between 
hydrochloric acid and magnesium depended on the mass of metal used. 

For each mass of magnesium used the student measured the volume of hydrogen 
produced at 25°C, and 100 kPa. In each experiment 100 mL of 0.255 moJ L-1 

hydrochloric acid was used. 

The equipme11t used is shown in the diagram below, and the student's results are in the 
follmving table. 



:----· )tL~D8 olJlift·~-·-·--1-·~" f',"oltl1.'.JC-O.tl:l2 --r· J·dds-8 o_{'~,,-1:(l ~>~oltll.111117 ol'I-l); _____ ~! 
I 1,,,) i l'n;1L) I (g) t (mL) : 
l -- _ \~l~';_ __ ~----~~--/-~-----~- '--~-'--:__...-,' -------1---· -~~-- -- -----~-~--~· .... - .,_~~----~-! 

~-- ~:: :~:--. ---i========-;}~----l~---~-.. ~-:~-~:-·~-!--, ----+------!-~l-}--
1 D.1:)0 '1 l(,!/ 
i ---,,-')--;-. s-----+. - . _o _________ . i-------
L__ ___ :~J- ___ J _____ ~L~~---_J__ 

0.3SG 316 

0.395 

(a) tJsing thesr~ r~3ults~. pliJt ~t gr::.pi1 sJ1uwi11g ho\v the ·volu.tne ofhydxogen prodL~ced 
ch·:1r1ged --;,1vith incre8.si.ng 1_r,.2..s~ cf rnagnesiutn. p n-:i.ru:k.s] 

(b )I F:rorn the gtaph, \Vh:1t is tI:1.~'. rninin1u.1.11 111sss of ro.a.gnesiurn tb'-'.lt prod\.:tces ci:1e laxgest 

vc-ilu!r.i_e ()fhyd~:ogen? [1 r.ci;;irk] 

(·~) Explain ·why the rnaximum volume of hydrogen produced is 316 mL? 

(d:) Calcuhte d1e volume ofhydrogcc:n gas expc:cted to be pr,:iduced at 25°C and 100 kPa 

by t:~1e reaction of 0.135 g of n.1.agnef.::iurn \Vith the 100 :r1L of 0.255 n10I. L-1 

hycLrochlol'.ic s,cido [2 marb] 
[Total = 8 n1azksJ 

Question 12 
SJdiurn_ ethanoate is rised in the textile industry to neutralise sulfu_ric a.cid \V;lst.e strearns, 

(a) \X/rite :in equatior1 to describe the fo1:rnation of soCliurn ethanoate frorn an acid-[>ase 

teactiono Narne the reactants, [3 marks] 

(h) An acid-base reaction is known as neutralisation, yet the resuldng salt solution is not 

always neutraL Exphin the reason and include equarions to support your ans;;ver. 
[3 ,narks] 

(c) \What is J1e pH of a O.I M sodium acetate solution?' U36 >< 10-5) [! mark] 
[Total =0 7 m,uks] 

Questioa 13 
Chernic2J spills are often potenti2lly d:1ngerous bec~1use of the hazardous oi- toxic nature 

of the chernic,J. 

(a) ]\1arne one acid stnd ,;:)ne base ptoduced in large qu2.,ndties for indu:strial c,r dc»rn·.estic 

use. [2 rnarks] 

(h) Spill2.ges of acids and/o!: bases in any· quantit~;,r can so1r1etin1es be dealt ,,,Hi[h using 

neuu:2Jis:ction reactions. Discuss how this process could be safely carried out c,nd the 

potential difficulties ·Lo be ove:rcorf1e. [4 tnark.s] 
[Tot~! = 6 marks] 

Question 14 
In·ve~;tigaticns by '/'.'i~ious scientists over tit11e have in1pt-o\red the accuracy and depth of 

lrnowbige about acids. 

Analyse ho>N rl1is has led to the modem defin1tion of an acid by considering the 

comributions ofLavoisier, Davy, /\J:rhe1 iius, Brnnst,~d and Lowry. 
[5 marks] 
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Question 15 
An indicator is placed in water. The resulting solution contains the green ion, Ind-, and 
the red molecule, Hind. Explain why this solution can be used as an indicator. In your 
response, in.elude a suitable equation that uses Ind- and Hind. 

[BOS 2013 Q25; 4 marks] 

Question 16 
(a) Outline a suitable rnethod to prepare a natural indicator. [2 marks] 

(b) How could a natural indicator be tested? 

Question 17 

[2 marks] 
[BOSTES 2015 Q21; Total= 4 marks] 

( a) A solution of hydrochloric acid has a concentration of 0.350 rnol L-1. Calculate the 
pH of this solution. [1 mark] 

(b) 50.0 mL of 0.025 mol L-1 barium hydroxide solution is added to 50.0 mL of 
0.350 mol L-1 hydrochloric acid. 

(i) Write a balanced equation for the reaction that occurs. 
(ii) Calculate the pH of the resulting solution. 

[1 mark] 

[3 marks] 
[Total = 5 marks] 

Question 18 
The equipment shown is set up. After some time, a ring of white powder is seen to form 
on the inside of the glass tube. 

gfoss tube 

I F \ 

r i I "" ~A'-,__ ____________ , 
·1 
I I 

cotton wool 30.ured in 
concentrated hydrochloric 

acid 

ring oC 
-:~vhit..:: powcleI 

cotton wool soah·d ln 
conccntr:att.:d aa1n1onia 

(:a) Why would this NOT be an acid-base reaction according to Arrhenius? [1 mark] 

(b) Explain why this would be considered a Bronsted-Lowry acid-base reaction. 
Include an equation in your answer. [2 marks] 

[BOSTES 2015 Q28; Total= 3 marksj 



Qmcsti.01119 
The v:::-lume of ;ps for~r,ed at 25'°C '1.nd F)I) kP::i ;1_;, hrdrochloric acid \vaf "dcled le :1 t~me 

san-ipl.e of al.umin;crm ;s sh.,wn in the grarh. 

,;:, 
i, 
'c 
:·} 

~4: 
;:·~ (rf-5(.-

Ca~culate c:Le origbal mass of the a1urninium sample used in the reaction. 
[BOSTES 2016 Q27; 4 m2.rks] 

6.2 Using fhonsted--Lowry theory 

Question 20 
The water ii.1 Lake B::irg,,, Queensland, is very acidjc due co the presence of natural 

organic acids frorf1 plant n1aterictl. ,.-fhe conc:entra:tion of H+ y;r~ts n1easnred at 25°C to 

be 7 1 > 10-5_ 

Calculate the pl'-I and pOH of the lake's water. 
[2 rn:,1ks] 

Quesdon 21 
\Xfrite ionic equations for the fol'.owir,g re,,ctions: 

(a) 2HC1(aq) [1 rnarkl 

(b) AlzO,(s) + 6HCl(aq) ~' 2A1Cl:.(aq) + 3J-h0(~ [1 mark] 
rrotal = 2 m,crks] 

Question 22 

Using l:he hydrogen phm-phai:e ion (HPO/\ explain ,,vhat is meant by the term 

amphij>roiir. Give relevant equ::rcions to sup?ort your answer. 

Question 23 
Identify che two acid-base pirs for the following reaction: 

HSO ,-(aq) + POF-, SO.F (aq) + HPO/- (aq) 

Quesdon 24 
\1(7;:ite an equation for ;:he hydrogen sulfate ion r:cacting ,vii:h ·,varer as: 

(;:..) a base (b) :m acid. 

[3 rnarks] 

[2 rnarlcs] 

[2 marks] 



Question 25 
The hydroxide concentratioo, at 25°C, in a potassium hydroxide solution was measured 
to be 0.0026 mol L-1• \)(!hat is the pH of the solution? 

[1 mark] 

Ques1jm1 26 
The soil in the south c::iast of i'i.ust1:alia fa rich in calcium. carbonate. When the soil is 
moist, the pH is in the range of 7--8.2. The pH of a sample of wet soil was measured to 
be 8.14. 
:(a) \;'(/hat is the [H+] for this sample? [1 mark] 

(b) Is the soil acidic or basic? 

Question 27 

[1 mark] 
[Total = 2 marks] 

Beryllium hydroxide js amphiprotic. Briefly describe chemical cests that could be 
conducted to confirm this property. 

f2 marks] 

Question 28 
The relative strengths of acids in water solution can be compared by measuring the pH 
of 0.1 mol L -l solutions of the acids. Sorne data are given in the following table. 

A.de! pII offJ.1 molL c'f solutirm of acJ'd<J 
IlyJwL,urnu .. acid HBr 1.0 
Hydrofluoric acicL .HF 2.1 
Formic acid, HCOOH 2.4 
Hydrogen sulfide, H2S 4.0 

(a) Cilculate the H+(aq) concentration of Oo 1 mol L-1 formic acid solution. [1 mark] 

(b) From the data in the table, predict ',:vhich of the four acids is the weakest. 
Explain your answer. [3 marks] 

[Total = 4 marks] 

Question 29 
Hydrogen sulfide is a highly poisonous gas and stringent precautions are required in its 
handling. 

(a) Briefly explain why hydrogen sulfide is considered an acid according to the 
Bronsted-Lowry theoq. [2 marks] 

(b) Write a balanced equation for an acid-base reaction between hydrogen sulfide and 
water and indicate t:he conjugate acid-base pairs involved. [3 marks] 

Question 30 
A sample of HCl has a pH of 1.5. 

(a) Calculate [H+] in this solution. 

(b) 10.0 mL of this solution is made up to 1.00 L with distilled water. 
Calculate the pH of the new solution. 

[Total= 5 marks] 

(1 mru:k] 

[l matk] 
[Total = 2 marks] 



Question 31 

(a) n.01 mcil L-1 solutiDns of s,xlivm carbo,nate and ammonia 1.1:ere prepared and rhe pH 

of e::tch of these solutiont: \J✓ as n1easured. lt \:Vas fcrund that s0diurn carbonate bad~;, 

hig1-h:r pH. 

\1/hich is the stronger base? Explain yGut ans-.:ver. [2 ma.rksl 

(b) If an aquecms s,~:.btion of a b:1se has a pH of 9, determine rhe hydro:::ide 

cono~nLration of the soh:n.io:n .. 

( c) '\Vrii:e the :or,jugate base ,)f the hydrogen caroonate ion. 

Question 32 

[l mark] 
[Total = 4 marksl 

To vJhat volume nmst 30.0 mL of 0520 rnol L- 1 sutforic acid be diluted so that the nev, 

concen.tr~1-tio~1 is 0.100 r_goJ L-1? 
[l mark] 

{Juesriou 33 
A ,tudent ba.s 20:) D.L of a soluriori of bari1,;.m hyclroxide. The pi-I of this solution :s 13. 

(a) V/bat is d1e concentration of OH-1(aq) ions iu this solutio~1? [1 mark] 

The student then adds 0.40 ;no! L-1 hydrochloric acid to neutralise the bariun:, hydrcxide 

solution. 

(b) '1/rit,~ a balanced ion;_c eq1.:ation for the reaction. [l m~rk] 

( c) '\Xihat volmne of the hydrochloric acid would be needed for complete neutnilis::..tior!? 
[1 msrk] 

iTomI = 3 ,narks] 

Qm~stion 34 
\'vrite two equations showing the amphiproric nature of ,he hydrogen carbonate ion. 

Question 55 
The diagram below shows three ll'C21.gem botdec containing acids. 

0.1)1 ll/~. L~, 
(l_HJ.l.C:c(J,; ;tciti 

C,t:! .r~u.,t [,-i 

,w~tllnH.,ic :tc~d 

[2 marks] 

(a) 50.0 rnT_. of Q.O'iO mol L-1 hydrochloric acid so~u,io•1 is added to ,1,.95 L of distJ.led 

v1ateL Calculate the pH of d1e resulting solution. [1 mark] 

(b} Fu.maric acid is used as a food additive :me methanoic acid is used as a preservative. 

Explain why these subst2nces h'.ive these uses. ['.2 l!rnrks] 

(c) 1-fb_e three acidic sol-ution.s shu\\1n abo,.re ha-ve the sarne concentration but differer.1r 

pH values, Explain how this can occur. [2mnk:i] 
[Total =- 5 marks] 
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Questio:n 36 
The pH of some 0.10 mol L-1 solutions are given in the table below. 

Solution pH 
0.10 mol L-1 sodium hydrogen sulfate, NaHS04 1.57 
0.10 mol L 1 sodium clihydrogen phosphate, NaI-bP04 4.1 
0.10 mol L-1 disodium hydrogen phosphate, Na2HPQ4 10.1 

Use chemical equations to explain the pH of the three solutions in the above table. 
[3 marks] 

Question 37 
The owner of a swimming pool decides that there are two choices for chlorinating a 
pool: eithex a solution of chlorine, Cb, ox a solution of sodium hypochlorite, NaOCl, 
could be added. When these substances are added to water HOCJ, which is partially 
responsible for killing bacteria, is produced. 

(a) For each substance, write an equation for its reaction with water. [2 marks] 

(b) For each substance, explain how the pH of a swimming pool will affected if it is 
added to the pool. [2 marks] 

[Total = 4 marks] 

Question 38 
A solution was made by mixing 75.00 mL of 0.120 mol L-1 hydrochloric acid with 
25.00 mL of 0.200 mol L-1 sodium hydroxide. What is the pH of the mixture? 

[BOS 2012 Q28; 3 marks] 

Question 39 
An experiment was performed to model the formation of acid rain. 

A sample of sulfur was burned on a metal spoon. While alight, it was placed in a gas jar 
with some dry litmus paper. 

Burniug ,uffor 

Drrlitmus 
pip.::r 

When a fine mist of water was sprayed into the jar, the litmus paper turned red. 

Assess the suitability of this experiment as a model for the formation of acid rain. 
[BOSTES 2014 Q29; 5 marks] 

Question 40 
Draw diagrams to illustrate the difference between strong, weak, concentrated and dilute 
acids and bases. 

[10 marks] 
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Quesdon 41 
20.00 mL of a solution of c:odinm hydrogen ca:rbonate, N:1HCO,, \Vas titta[ed \Vi(h a 

Q.254 mol L-1 standard solution oC sulfruic ,tcid. Tne rewlts from. foar titrnt:ons are 

~:ho-\vn ic:. rhe table ~belo\\r. le eaci1 cas1::~ the san1e indic~tcor colour ',JhLS o"btaine.d ar the­

endpoint 

Volume ofauifirdc ,~cid w;ed (mL} 

21.45 

3 21.54 

4 21.51 

(a) Write a balanced ci1emical equfLtion for the reaction between sulfu;:ic acid ,nd 

sodium hydrogen carbonate. [l mark] 

(b) Suggest a re,Lson for the higher result in titration 1, 

(c) Calculate the concentration of the sodium hydrogen carbonate solution. [3 n,arks] 
[Total = 5 rnarks1 

Question 42 
(a) Pmassimn hydrogen phthalate, .KH(CsH,O4), is a monoprotic acid treat is used to 

prepare solutions of accurately known concentration. Briefly describe the proceduie 

th,:t would be used to prep;i:re a standard solution of potassium hydrogea phthahte 

from tbe solid, [3 ,m.tb] 

{b) Substances such as fOtassillm hydrogen phthaiate as called 'prima.q standards'. Give 

two properties of primary standards. [2 marks] 

(c) Calculace t,,e mass of pornssium hydrogen phthalate required to make 250 m.L of a 

0.150 mol L-1 solnLion, [2 trnrks] 
[Yorn! == 7 r,12.rLs] 

Question 43 
The 1Tta11ufacmier of antacid tablets claims they contain 99. 9% fftagnesium c:u:bonate 

(:MgCO,). A srudent used the following prc,cedure to check this claim. 

"' 

J\ tablet \Vas '\1/eighed and then placed in. a conical flask. JI.he rr1~tss of the tablet \Alas 

0.747 g. 
Using z. pipecte, the sLudent ,,dded 20.00 mL of 0,996 mol L-1 hydrochloric acid to 

d:1e tablet in the conical flask. 
\\(/hen the reaction between ;:he tablet and hydrochloric ac'd bad stopped, i:he 

mixtme was boiled gently for 10 minutes. 10 mL ofwatecc: was added to the liquid is1 

the conical ffa.0k. 
Phenolphth:1lein l17 dicator was then. added to the flask and the liquid was titrated 

with 0.110 rnol L-1 sodium hydroxide solution to neutralise the excess hydrochloric 

acid. 
The volume of sodiu1n hydroxide solution reqc_ired to .:lunge the coloLlt of the 

indicator '\'li:1S 22,39 rr1L. 

(a) Write a b2Janced equation for the reaction bet\veen hydrochloric ;10id and the 

magnesium carbonate in the tablet [1 m:11:k] 
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(b) Suggest a reason for boiling the liquid in the conical :flask for 10 minutes. [1 mark] 

(c) Calculate the amount of hydrochloric acid, in moles, added to the tablet. [1 mark] 

(d) Calculate the amount of hydrochloric acid, in moles, that remained in the :flask after 
the reaction with the magnesium carbonate. [1 mark] 

( e) Calculate the mass of magnesium carbonate in the antacid tablet. [2 marks] 

(f) Calrnlate the percentage of magnesium carbonate in the antacid tablet and compare 
this value with the manufacturer's claim. [2 marks] 

[Total= 8 marks] 

Question 44 
Anhydrous sodium carbonate may be used as a primary standard base in volmnetric 
procedures. 

In an experiment to determine the concentration of a hydrochloric acid solution, a 
standard solution of sodium carbonate was prepared by dissolving 2.73 gin water and 
making up the volume to 250 mL. 

In a titration, it was found that 20.5 mL of the hydrochloric acid solution was required to 
react completely with exactly 25.0 mL of the sodium carbonate solution. Methyl orange 
was used as the indicator. 

(a) Calculate the concentration of the hydrochloric acid. [1 mark] 

(b) Draw a diagram of the apparatus used in the titration step only. Indicate in the 
diagram the location of the sodium carbonate, hydrochloric acid and the indicator 
solution. [4 ma.rks] 

( c) Describe the apparatus and procedure used to obtain exactly 25.0 rnL of the 
standard base solution. [2 marks] 

rr Ota] = 7 marks l 

Question 45 
The concentration of hydrochloric acid is determined by titration against a standard base. 
The standard base solution is prepared by the following procedure: 
® Weighing accurately an amount of the solid base on an analytical balance; 
® Dissolving cornpletely that amount in distilled water in a beaker; 
~ Transferring the solution quantitively to a 2.50 mL volumetric flask; 
@ Adding distilled water until the totB1 volume of solution is 2.50 mL. 

( a) Two bases are available, sodium hydroxide and sodium carbonate. \lVhich one of the 
bases should be used? Explain your answer. [2 marks] 

(b) How would you ensure that the transfer of solution from the beaker to the flask is 
quantitative? (2 marks] 

( c) If it is necessary to rinse the volumetric flask, what would be used? [1 mark] 

(d) \lVhat procedure must be followed to ensure the solution in the volumetric :flask is of 
uniform concentration? [1 mark] 

(e) Sketch a volumetric flask, showing its essential features. [1 mark] 
[Total= 7 marks] 



Questioa ,~,6 
/\. ·buffeL sc\h . .-i..tioa ·:.)ia.s p.tepatec1 by 
[CH,,0::'C>HJ :c:: 0.000 T\I acid [U-LC()Oi:h] -- CUl ?II 

Calcubte 1he pH ,-,f thiE- buffer sclution ""- ~~S''C,, ]( (CJ-bOJ()F'; 

(~ne.~?t~C,E .4-7 
Sol.v.tio11 A. C1JrJsists of :"t (L050 h{ ~:tqueou$ sol.utio:n. (Jf t1,e:1:1zo:;_c ~1cid~ CGI---I:s,=CJ1OI---I, \'?hich 

is a \Veak at 2_0°Ca (~aL:::uiate tl1e pI-J of Solution. iL ,~[he rd{!t ofbcnzck: a~:id is 4-,2(L 
[2 ,n:u:b] 

Question 4Li 
Thc: pK, of formic acid., HC02H, is ~\.Ti. 

(a} \;'./hat ;s il1e pH of a (L20 :M sol11cion of formic acid? 

:fo, che ,eaction of S::u:mic acid v.rii:h solid sodium hydroxide. 

Question 49 
Ca;culate the p}{ of a O.:Jl}lM solutior, ,.J-f rnk:ium hydrcxide. 

Qui:::sticn 50 

fl mack] 
[)~'oral = 3 rna:tk_s] 

Usir1g :1 specific exac,1p~e, cl.c::scribe a buffer is irr,;:iorcant in a nawral systern. 

Give ail relev2.nt eqm,tions 1:0 cl1e equllibrium teacci:)ns of tr1e buffer. 
[3 rna:rks] 

Questi.tm Sl 
Give ,:me ,;c:,ample of acid/base anal7sis ~echniques used by indigenous Austtali'.rn anci 

one example ,Jd-~ere it is used i-11 industJy and bi:lefly explain the tech"1iques ernployed. 
[4 marlcs] 

Question S2 
A chemist analysed aspirin L,blrc:ts for quality control. T 1·,e initial step of the analysis vns 

the standardisation of a NaC)H solution. ~n:.ree 25.00 rnL sam.ples of a 0.1034 mol L-1 

solution c;,f standardised I-I(=l -vve:r:e titn:,ted "';.vith the 1,h10I-l solution .. 'T'he ave:cage 'l•Dlurne 

required for neutralisation. \Vas 25.75 mL. 

(a) Calculate the rnolaricy of the NaOH solution. [2 rnarks] 
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Three flasks were prepared each containing a mixture of 25 mL of water and 10 mL of 
ethanol. An aspirin tablet was dissolved in each flask. The aspirin in each solution was 
titrated ,vith the standardised NaOH solution according to the following equation. 

C9Hs0i(aq) + NaOH(aq) ·-> C9H104Na(aq) + H20(t) 

The titration results shown belmv were obtained. 

Tablet Vo.lume(mL) 
1 16.60 
2 16.50 
3 16.55 

(b) (i} Calculate the average mass (mg) of ~spirin per tablet. [3 marks] 

(ii) Why was it necessary to include the ethanol in the 1ni~ture? [1 mark] 
[BOS 2012 Q30; Total= 6 marks] 

Question 53 
.A student attempted to determine the concentration of a hydrochloric acid solution. The 
steps shown below were performed. 

Step 1: A conical flask was rinsed with water. 
Step 2: A 25.0 mL pipette was rinsed with water. 
Step 3: The student filled the pipette ,vith a standard sodium carbonate solution to the 

level shown in the diagram. 

Step 4: The standard sodium carbonate solution in the pipette was transferred to the 
conical flask. The student ensured that an of the sodium carbonate solution was 
transferred to the conical flask by blowing through the pipette. Three drops of 
an appropriate indicator were added to the conical flask. 

Step 5: A burette was rinsed with the hydrochloric acid solution and then filled with the 
acid. The student then carried out a titration to determine the concentration of 
the hydrochloric acid solution. 

In steps 2, 3 and 4 above, the student did not follow acceptable procedures. 
(a) Identify the mistake the student made in step 4 and propose a change that would 

improve the validity of the result. [2 marks] 

(b) Explain the effect of the mistakes made in steps 2 and 3 on the calculation of the 
concentration of the hydrochloric acid solution. [3 marks] 

[BOS 2013 Q28; Total= 5 marks] 
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Question 54. 
A batch of dtv ice (solid CO2) was contarni.e.atu:i during rnanuf1eture. To determirn:: its 

purity·, the follo\villg: steps \)/ere c[u:rled orLt. 

Step 1: /~ 0.616 grarn sarnple uf the cor:.tarnin;~ted dry ice -~;,;ra~: _placed. in ::1 clean, dry 

Hask. 
Step 2: 50.00 n1L of 1.00 :t.nol L-·1 sodiurn hyd.rc,xide \V'.lS added to the fl~1sk. ,__fhe 

:::,odi1..u11 hydroYide \1Izts in excess. 
Step '.3: 'The flask ,vas sealeC!. ti) r~reven..t L:Jss of carbot1 diox.ide gas and tl1e rer.ctio1.1 

allcT\ved to re:ich con1pletion, according to this equation: 

Step 0 '.< The remaining socEw:n hydroxide was titrated against a LOO mol L-1 solution of 

hydrochloric a.cid. The ?overage volum.,e of HCl used w,ls 27.60 rnL. 

(a) Calculate the rmmlx:r of moles ofNaOI-1 dded in Step 2. [1 mark] 

(b) Calculate the percentage purity by mass of this batch of dry ice. [4 marks] 
fBOSTES 2014 Q30; 'total= 5 rnarlcs] 

Question 55 
A sodium hydroxide solution ,v~,s titrated against citr~c acid (C6Hs07) which is triprotic. 

(a) Draw the srructl-ral formula of citric acid (2-~1.ydroxypropane-1,2,3-uicarboxylic 

acid). [1 nude] 

(b) How could a computer-based technology be l~sed to idemify the equivalence point 

of this titr21.rion? [2 marks] 

(c) The sodinm hydroxide solution was titrated against 25.0 mL samples of 

0.100 mol L-1 citric acid. The: average volw11e of sodimT1 hydroxide used w2.s 

41.50 mL. 

Calculate the concentration of the sodium hydroxide solution. l4 marks] 

[BOSTES 2015 Q26; Total = 7 marks] 

Question 56 
(a) Explain wbv the salt, sodium 8,cetate, forms a ba,;ic soluc:ion when dissolved in watc.c. 

Include an equatiou ifr your anS\VeL [2 marks] 

(b) A solution is prepared by using equal volumes and conce1trations of 3.cetic acid and 

scdium acetate. Explain ho,v rhe pH of this solution ,.vould be affected by the 

addicion of a small am<.:CLll1t of sodium hydroxide solution, Include an equation irt 

your ans\ve.r. [3 matksi 
[BOSTES 2015 Q2~·; Total= 5 m,u:ks] 
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Question 57 
A solution of hydrochloric :1cid was standardi:ied by titration against a sodium carbonate 
solution using the following procedure. 
~ /IJl glassware was rinsed correctly to rtcmove possible contaminants. 
v Hydrochloric acid was placed in the bmette. 
~ 25.C mL of 0odiurn carbonate solution was pipetted into the conicaJ. :flask. 

The tii:rntion was performed, and tbe hyd.rochlotic acid was found to be 0200 m8l 1,-1, 

{a) Identify the subst::Lnce used to dnse the co11ical flask and justify your answer. 
[2 marks] 

(b) Seashells contain a mixture of carbonate cornpounds. The standardised hydrochloric 
acid was used to determine the percentage by mass of carbonate in a seashell using 
the: following procedure. 

A 0.145 g sample of the seashell was placed in a conical flask. 
50.0 mL of the standardised hydrochloric acid was added to the conical flask. 
A·c the completion of the reaction, che rr,iJ:tute in the conical flask vvas tit_tated 
with 0.250 ~1011.,-1 sodium hydroxide. The volume of sodium hydroYide 1Js,cd in 
t.he titration was 29 .5 mL. 

Calculate the percent::i.ge by mass of carbo11ate in the sarnple of the seashell. 

Question 58 

[4 rr1arks] 
[BOSTES 2016 Q29; Tot2J = 6 marks] 

A solut_ion of sodium hydroxide was titrated against a standardised solution of acetic acid 
which had a concentration of0.5020 mol L-1, 

(a) The endpoint was reached when 19.30 mL of sodium hydroxide solution had been 
added to 25.00 rnL of the acetic acid solution. 
Calculate _the concentration of the sodium hydroxide solution. [3 mmks] 

(b) Explain why the pH of the resulting salt solution was not 7. Include a relevant 
chemical equation in your answer. [2 marks] 

[NESJ\ 2017 Q24; Total = 5 marks] 



Chapter 3 
Module 7: Organic Chemistry 
Multiple-choice questions 

7.1 Nomenclature 

Question 1 
The correct name for CH3CH=CHCH2CH3 is: 

(A) pent-1-ene. (B) pent-2-ene. (C) pent-3-ene. 

Question 2 
What is the correct IUP AC systematic name for the 
compound shown on the right? 

(A) 3,3-dimethylhexane 
(B) 3,3-diethylhexane 
(C) 4,4-ethyl-methylhexane 
(D) 3-ethyl-3-methylhexane 

Question 3 

(D) pent-2,3-ene. 

How many structural isomers, each containing one double bond, have the molecular 
formula CsH10? 

(A) 3 (B) 4 (C) 5 (D) 6 

Question4 
Which of the following hydrocarbons does not belong to the same homologous series as 
the others? 

Question 5 
In a homologous series: 

(A) with the addition of a carbon atom, the molecular mass increases by 14. 
(B) all compounds have the same empirical formula. 
(C) with the addition of a carbon atom, three hydrogen atoms are added. 
(D) all alkanes have the formula C.Hz •. 
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Question 6 
What is the systematic name of this hydrocarbon? 

-CH-CH-

I 
CH2 - CH3 

(A) 3,4-dimethylhexane 
(C) 2, 3-ethyl-methylpentane 

Question 7 

(B) 2,3-diethylbutane 
(D) 2,4-dimethylheptane 

The structural formula on the right represents a compound. 
The IUPAC systematic name for this compound is 

(A) 3,5-dimcthyl-3,5-hexene. 
(B) 2,4-dimethyl-1,3-hexadiene. 
(C) 2-methyl-4-ethyl-1,3-pentadiene. 
(D) 2-cthyl-4-methyl-2, 4-pcntadienc. 

Question 8 
Which of the following pairs of substances are NOT isomers? 

(A) 3-mcthylpcntanc and hexane 
(B) 2-methylpropene and but-2ene 
(C) 3-methylhexane and 2,2,3-trimethylbutane 
(D) Butanoic acid and 2,3-butanediol 

Question 9 
Which of the following compounds has an isomer? 

(A) CH3CH3 (B) CH2=CH2 
(C) CH3CH2CHs (D) CHCl=CHCH3 

Question 10 
Which of the following hydrocarbons could be an alkyne? 

(A) CsH10 

Question 11 
Below is a model of an amine compound. 

The name of the amine is: 
(A) 3-butylamine 
(C) 2-methylpropan-3-amine 

(B) 2-methylpropan-1-amine 
(D) 2,2-dimethylethan-1-amine 

H 

I 

H 
I 

C -H 

H 



Qaestion 12: 
\}:lhich cif th.e folloYv.ing hydPJcarbons is an ison1er of 2---rnediyJpcnt--2-ene? 

(A) 

(C) 

CH, 

C=CE 

CH:. 

l 
C=CH-Cl"I:,-CI-Io 

I 

CR 

Question 13 

(B) 

(D) 

Cl--L 

CI-I = C: 

! 
CR CI-hCH,. 

------------; 

Cl:-L CI-i, 

I 
CI-:b-CH ==CH 

! 
CI-13 

\X!hich of the following alcohols have been classified correctiy? 

N;,w:u:s of alcol10Js ,md tl1efr dassiiicatio11 

Primary, 1" Secondary, 2° I Tertiary, 3" 

Propan-2-ol Butan-2-ol Pentan-3-oi (A) 
(B) 
(C) 
(D} 

Butan-2-ol 2-methyipropan-l-ol 2-methvlpropan-2-oi 

2,2-dim.ethylpropan-l-ol Bmane-1,4-ciiol I Ethaeol 

Prnpan-1-ol Pem-3-ol I 2-methvlorO'pan-2-ol 

Ql1estion 14 
\Vnich of the following hydrocarbons have the molecular forrnula CsH100? 

I. Penta1J.oic acid IlL Pentanal 

H. Pentan-3-ol IV. Pentan-3-one 

(A) I, II and In 
(C) IV only 

Question 15 

(B) I, UI and fV 
(D) HI '"nd l V 

\'vhat ~s the correct IUPAC systematic name for the corn.pouud sho,vn belO'.v? 

(A) 2-ethyl-3-methyliiex;;.ne 
(BJ 4-merhyl-5-ethyihexane 
(C) 4,5-ciimethylhept,me 
(D) 3,4-ciimcti:iy!heptalle 

Question 15 
IUPJ\C narr1es for the foilov1ing ccn11pounds a.re: 

I ClCI-tCI-hCI-hCOO H 

(A) L 3-ch!oropmponoic xid and II. 
(B) L l-chlorobutanoic acid and II. 
(C) I. 4-chlorobutanoic acid ana H. 
(D) T 4-chlorobutana! and II. L 

n C-LCH_CHCOOH 
" "'I 

I 

2-bromoproponoic acid 

2-bromobutanoic acid 
2-bron1obutanoic acid 

3-bromobutanal 
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Question 17 
The IUP AC systematic name for the 
compound whose structure is given here is: 

(A) 3-iodo-4,4-dimethyl-1-hexene. 
(B) 2-ethyl-3-iodo-2-methyl-4-pentene. 
(C) 4-dimethyl-3-iodo-1-hexene. 

H 
! 

I-! 

H--C-·H 

I 
H····C·-·B: 

I I 
(D) 4-ethyl-3-iodo-4-methyl-1-pentene. I·!-·-- (i --- .. ···-· ·--· r: ----~---- c· _, ___ C =--= C 

i I I ! , .. H 
H !I--C H H H 

Question 18 

I 
H 

What is the correct IUPAC name for the following compound? 

(A) 2-fluoro-3-chlorobutane 
(B) 2-chloro-3-fluorobutane 
(C) 3-fluow-2-chlorobutane 
(D} 3-chloro-2-fluorobutane 

Question 19 

H F Cl H 

I I I I 
H-C-c-c---C-H 

I I I I 
H H H H 

What is the IUP AC name of the following compound? 

(A) 1,2-dibromo-2-fluoropropane 
(B) 2,3-dibromo-2-fluoropropane 
(C) 2-fluoro-2,3-dibromopropane 
(D) 2-fluoro-1,2-dibromopropane 

Question 20 

H F Br 

I I I 
H-C-C-C-H 

I I I 
H Br H 

[BOS 2012 Q12] 

[BOSTES 2014 Q2] 

Four compounds, W, X, Y and Z, are represented below. Which of the following is a 
pair of isomers? 

a H F H 
I I I I 

Cl-C-C-C-C-H 
I I I I 

H H H H 

(A) WandX 
(C) X and Y 

H 
I 

H-C-H H Ci 
I I I 

H-C--C-C-CI 
I I I 

H F H 

Cornpo11..md X 

H H Cl 
I I I 

H-C-C-C-CI 
I I I 
F H H 

(B) Wand Y 
(D) Y and Z 

H 
I 

H H H-C--H 
I I I 

CJ-C-C--C-F 
I I I 

H H F 

[BOSTES 2014 Q9] 
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Question 21 
What is the name of this compound? 

(A) Styrene (B) Ethylene 
(C) Chloroethane (D) Vinyl chloride 

Question22 
What is the molecular formula of pentanoic acid? 

(B) CsH100 (C) CsH1o02 

Question23 
What is the IUP AC name of the following compound? 

(A) 1-bromo-1-chloro-2,2,2-trifluoroethane 
(B) 1-chloro-1-bromo-2,2,2-trifluoroethane 
(C) 2-chloro-2-bromo-1,1,1-trifluoroethane 
(D) 2-bromo-2-chloro-1, 1, 1-trifluoroethane 

Question24 
What is the name of this compound? 

[BOSTES 2016 Qi] 

(D) CsH1102 

[BOSTES 2016 Q3] 

F Cl. 
I I 

F-C-C-H 
I I 
F Be 

[BOSTES 2016 Q11] 

(A) 2-chloro-1-fluorobutane 
H H Cl H 
I I I I 

(B) 3-chloro-4-fluorobutane H-C-C-C-C-H 
(C) 1-fluoro-2-chlorobutane I I I I 
(D) 4-fluoro-3-chlorobutane H H H F 

7.2 Hydrocarbons 

Question 25 
Name the following type of reaction. 

(A) Addition 
(C) Neutralisation 

Question 26 

2Clz(g) + C&(g) ➔ 2HCl(g) + CH2Clz(~ 

(B) Substitution 
(D) Displacement 

Which of the following compounds would have the highest boiling point? 

(A) CH3CH2CH2CH3 
(C) CH30H 

(B) CH3NH2 
(D) CH2F2 

[NESA 2017 Q3] 
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Question 27 
The formula for hydrocarbon X is C3Hs 
The structural formula for hydrocarbon X is: 

(A) 

(C) 

H H H 
I I I 

H-C-C-C-H 
A A A 

H O H 
I II I 

H-C-C-C-H 
I I 
H H 

Question 28 

(B) 

(D) 

~ ~ ,9 
H-C-C-C 

I I \ 
H H O-H 

~ ~ II° H-c-c-c 
I I \H 
H H 

Which of these hydrocarbons belongs to the same group as hydrocarbon X in Q27? 

(B) CsH10 

Question29 
Which of the following hydrocarbons has a higher boiling point than pentane? 

I. pent-1-ene 
III. pent-2-yne 

(A) II only 

Question 30 

(B) IV only 

II. hex-1-ene 
IV. 2-methylbutane 

(C) I only (D) II and III 

The following table contains information about three experiments. In each experiment 
0.1 mol of a hydrocarbon was burned completely and all the energy released was used to 
heat 250 mL of water which was initially at 20°C. 

Experiment Hydrocarbon Molar heat of combustion (kJ mor1) 

I Methane -889 

II Methanol -725 

III Butane -2874 

In which experiment(s) will the water be heated to its boiling temperature? 
(A) III only (B) I and III (C) II and III (D) I, II and III 
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Question 31 
/\ studf:nt \\/as -che eLsk of id1~n ti(yir1g a liquid organic cc1rn_pound ·cl-i~it con-ea in:'.~ onl~. 

carbon~ hyt_{n.-1ger1. and oxygen. ·'The fOllo"\vir1g tests \1/ete carried out. 

_____ .... I_________ Pmced,m, j-=-~-~ ____ }i~-;;it ------ - I 

1:N:1s fLddr::.d to a !I .. A_ rt:~lction occurred r:nd 2, I 

I (-,-iJ -, 'oj --,,'~ ''"\ • l l r'" fr-·•-- P _, I I J ... CUJ .. CoplCQU_L_,)nILU. i 

-1~:", -~~;~don ~~~;~.;~d;nd a----, 
i sa1nple of the coro.pound -----~~ou.rL=ss..12:?S_ \Vas e\roh.re.C.o ! 

r------t---------------

1 Tcst2 

Based on tbe tes[ results above, the compound could be: 

(A) 

(B) 

.B E 
I ! 

(C) c:...-::( 

Question 32 
Yvbich of the following hydrocarbons is infiniteiy rn~scibie in water? 

(A) Butan-2.-ol (B) Ethanol (C) Ethyleoe 

Question }3 

The approxi,nate H-C--H bond angle in ,nethane is 

(A) 101A0 {B) 109.5° 

Question 34 
The ,lpproximate I--I-C-C bond angle in but-2-yc_e is 

(A) 101.4° 

Question 35 

(B' ' J 109.5° (C) 117.3 

I_,P(; is a ve.L·y in:1portant au.torn:=.1ti·:.1e fueL j\ ;'.=::-tnJ.:_-_ \:ehicle n1,;:1st ha·ve 

the EJ?.,A before it c2,r. be licensed to car1•··v _LP(;., 
'T'he 

:i_},.) e11s1:re t;:1.e \:ehicL:- is fit fer pr1~:pos,.:, 
(B) 1~:-1_i1-1irnise ~1cc,:ide.nts a:n.d 2r>iUs. 
(C} 1J,0cec1 tmrnan h,c;:_lth ,,cd rr1c: en\ iror,;nen!:. 

,D) l,\: d the a1::;,•,e 

(D) Oct;me 

(D) 180° 
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Question 36 
Homologous series of organic compounds share common characteristics; including: 

(A) the intermolecular forces in the series are the same. 
(B) similar chemical properties. 
(C) contain the same functional group. 
(D) all of the above. 

Question 37 
Lo\.v boiling point liquid hydrocarbons are often classified as being volatile. This means 
that: 

(A) they can ignite, even without an ignition source. 
(B) they can easily change to a gas at normal temperature. 
(C) their products of cornbustion are toxic. 
(D) they all give out the same amount of energy when combusted. 

Question 38 
Safety procedures for the safe handling of organic products should include: 

(A) wearing full breathing apparatus. 
(B) have a safety plan in case of any mishap. 
(C) hosing any spilt product to sewage. 
(D) working only in cool conditions to ensure low flammability limits. 

7 .3 Products of reactions involving hydrocarbons 

Question 39 
Which compound can form when bromine water reacts with but-2-ene? 

(A) 1-bromobutane 
(C) 1,1-dibromobutane 

Question 40 

(B) 2-bromobutane 
(D) 2,3-dibromobutane 

An alkene undergoes an addition reaction with HCl. Only one product is formed. The 
alkene could be 

(A) CH3CH=CHCH3. 
(C) (Cl::b)2C=CH2. 

Question 41 

(B) CH3CH2CH=CH2. 
(D) CI-IJCH=Cf-L. 

How many isomers can be formed by the halogenation of CH3C}:bCH2CH3 with Ch in 
the presence oflight? 

(A) 2 (B) 4 (C) 5 (D) 6 

Question 42 

A student performs two tests on an organic compound. In the first test, 2 mol of the 
compound was completely reacted with oxygen and 6 mol of carbon dioxide were 
produced. In the second test, a few drops of bromine water were added to the 
compound. The compound did not react rapidly with bromine. The formula of the 
compound is likely to be: 
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(iuestion 43 
l\Tarne the cotnpor:.nd fonned ·ixr}1en i:he hycb:()Ca:tboit belo\J.l reacts rapidly ,,vith brer11ir1e 
,1/ater. 

(A) l,2-dibiorno-1,2-diethyletLane 
(B) 3,4-dil:n:ornohe':,me 
(C) 3- brom,::;hex,me 
(D) 3,4--dibromo-3-hexene 

Question 44 

H 

\XTben proper-1e rtndergcJe8. an addition reaction \Vid1 hy·drogen !:~rc.n1ide, tYvo products 8-re 
formed. 

H 
! 

1-:l H ih 
! ! I 

H___..1f'':-C:-,C1-_._'.l{ 
_,,.,r f I I -

.,/ H H H 
H-C:-C=C:-H 

! I ! 
+ Fi - Br ----!., 

H l! H 
td gr ll 

.,,.,., I I 
'·l-:t-C:- (~- t,.:'.'.--f{ 

t I I 
H .i-l H 

\,'vhich of the following alkenes will also produce only two prodncts when it undergoes 
an addition relCtion? 

(lt) Ethene 
(C) But-2-ene 

Question 45 

(B) But-1-ene 
(D) Hex-3-erie 

Hydrocarbon X, when reacted with concentr8.ted sulfuric acid, produces a compound 
that decolourises b:rornine water. \);/hat is the fornrnfa ofhydrccarbon X? 

(B) CJ-:L, 

Question 46 
Under certain condition, when cblorine reaccs with rnetl-:ane, HCl(g) js produces. This 
rez.crion is classified as a/ an: 

(A) :J.ddition. 
(C) displacemrnc. 

Question 47 

(B) rnbsritution. 
(D) neL1tDlisation. 

An alkene has the molecufax formula CsI--I1n. \Vhen it ls reacted ,.virh hydrogen in che 
p,:esence of J. cat2lyst, 2-metl:tylbuta•ie is fr,rmed. \x:rr1ich cne of 1he follo-wiag could not 
be rhe struci1.Ee of the all;:ene;i 

(A) (E) 

(C) (D) 
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Question 48 
Which of the following hydrocarbons would change blue litmus red and liberate gas 
when added to a carbonate? 

(A) ethanol (B) hexane (C) acetic acid (D) cyclohexane 

Question 49 
Hydration of an alkyne with suitable catalyst will produce: 

(A) an alcohol, which rapidly becomes a ketone. 
(B) an aldehyde. 
(C) a polymer. 
(D) a stable alcohol. 

Question 50 
Which row of the table correctly matches the reactant and the product of an addition 
reaction? 

-CH=CH- CH- f"U_-CH I -"2 3 

Cl 

[BOSTES 2014 QS] 

Question 51 
The table lists some properties of the straight-chained carbon compounds W, X, Y 
and Z. Which row of the following table best identifies the compounds W, X, Y and Z? 

Compound 
w 
X 
y 

z 

(A) 
(B) 
(C) 
(D) 

Reactivity in bromine water 
Rapidly decolourises 
Unreactive 
Unreactive 
Unreactive 

w X 
C3H6 C3Hs 
C3Hs C3H6 
C3H6 C3Hs 
C3Hs C3H6 

Solubility in water 
Insoluble 
Insoluble 
Soluble 
Partly soluble 

y z 
CH30H C4H90H 
CH30H C4H90H 
C~90H CH30H 
C4H90H CH30H 

[BOSTES 2016 Q15] 



Module 7: Organic Chemistry 59 

Question 52 
The halogenation of a 2-methyl-2-butene with iodine will produce: 

(A) 1,2-iodo-2 methylbutane 
(C) 2,3-iodo-2-methylbutane 

(B) 2,3-diiodo-2-methylbutane 
(D) 2,3-diiodopentane 

Question 53 

-bromine 
WIiier 

Three test tubes were set up as shown. 

X 

Bromine water was added to X and Y in the absence of UV light. 

Which of the following best represents the changes in test tubes X and Y? 

Tosttubes 

(A) X y 

(B) tJ ~ 
(C) ~ ~ 
(D) ~ ~ 

~ tJ 
7 .4 Alcohols 

Question 54 

[NESA 2017 Q7] 

Both ethanol, C2HsOH, and methanol, CH30H, have been suggested as alternative fuels 
for transport vehicles. The equations describing the complete combustion of ethanol and 
methanol are 

C2HsOH(g) + 302(g) ➔ 2C02(g) + 3H20(~; 

CH30H(g) + 3/202(g) ➔ C02(g) + 2H20(~; 

AH= -1368 kJ moi-1 

AH= -726 kJ moi-1 

Separate experiments are conducted in which 1 mol of ethanol and 2 mol of methanol 
undergo complete combustion. In these experiments: 

(A) the combustion of methanol produces more carbon dioxide. 
(B) more heat energy is released from the combustion of ethanol. 
(C) more water is formed in the combustion of ethanol. 
(D) the two experiments consume the same amount of oxygen. 
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Question 55 
Which one of the following reactions involving ethanol is a dehydration reaction? 

(A) C6H1206(aq) ➔ 2C2HsOH(aq) + 2CO2(g) 
(B) C2HsOH(~ + 5O2(g) ➔ 2CO2(g) + 3H2O(~ 
(C) C2HsOH(g) ➔ C2H4(g) + H2O(g) 
(D) C2HsOH(g) + O2(g) ➔ 2CH3CQOH(g) + H2O(g) 

Question 56 
Many compounds can be used as fuels. The heat of combustion, in kJ g-1, for four 
compounds are given in the table below. 

Fuel Heat of combusdon (kJ g-1) 

Ethanol 29.7 

Petrol (octane) 47.9 

Butane 49.5 

Propane 50.3 

Identify the fuel whose heat of combustion is 2876 ~ moi-1• 

(A) Ethanol (B) Petrol (C) Butane (D) Propane 

Question 57 
The reversible reaction to form ethanol from ethylene is represented: 

C2H4(g) + H2O(g) .:= C2H6O(g); L1H = -45 kJ/mol 

Identify the INCORRECT statement. 

(A) The highest yield of ethanol is achieved at low temperature. 
(B) The dehydration of ethanol is an endothermic reaction. 
(C) The highest yield of ethanol is achieved when excess H2O(g) is present in the 

reaction vessel. 
(D) Sulfuric acid acts as a catalyst for both the backward and forward reactions. 

Question 58 
Using a suitable catalyst, ethanol can be dehydrated to produce ethylene. Similarly, 
ethylene will undergo an addition reaction to form ethanol. These reactions are shown in 
the equations below. 

ethanol 
catalyst I 

ethylene 

thyl catalyst II 
e ene )lo ethanol 

The best examples of catalyst I and catalyst II are 

(A) 

(B) 
(C) 

(D) 

Catalyst I 

Dilute HCl 

Dilute H2SO4 

Concentrated H2SO4 

Concentrated H2SO4 

Catalyst II 

Concentrated HCl 

Dilute H2SO4 

Dilute HCl 

Concentrated H3PO4 
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Question 59 
To determine the heat of combustion of 
1-butanol, a student used the apparatus 
shown. 

Some of the results obtained by the student are given below. 

Mass of water heated = 300 g 
Mass of 1-butanol burnt= 1.50 g 
Initial temperature of water = 20. 7°C 

The student calculates that the molar heat of combustion of 1-butanol is 1530 kJ moI-1• 

What was the final temperature of the water measured by the student? 

(A) 24.7°C (B) 28.1°C (C) 37.2°C (D) 45.4°C 

Question 60 
Using a data table, a student finds that the heat of combustion of 1-propanol is 
2021 ij moi-1• What value would the student calculate for the heat of combustion of 1-
propanol in kJ g-1? 

(A) 23.0 (B) 27.3 (C) 33.7 (D) 43.9 

Question 61 
Which of the following is a balanced equation representing the fermentation of glucose? 

(A) C6H1206(aq) --+ 2C3H603(aq) 
(B) C6H1206(aq) --+ 2C2HsOH(aq) + 2C02(g) 
(C) C6H1206(aq) + 602(g) --+ 6C02(g) + 6H20(~ 
(D) C6H1206(aq) + 302(g) --+ C2HsOH(aq) + 4C02(g) + 3H20(~ 

Question 62 
To determine the heat of combustion of 
methanol, a student used the apparatus shown. 

The following results were obtained. 

Mass of burner at the start, g 
Mass of burner at the end, g 
Temperature of water at the start, °C 
Temperature of water at the end, °C 

125.58 
124.38 
20.6 
36.6 

[BOS 2012 QS] 

thermometer 

can containing 
250gwater 

burner containing 
methanol 

From this data, the student calculates the molar heat of combustion of methanol to be: 

(A) 446 kJ mo1-1 (B) 535 kJ mo1-1 (C) 574 kJ mo1-1 (D) 2140 kJ moi-1 
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Question 63 
The heat of combustion of propan-1-ol is 2021 kJ moi-1• Combustion takes place 
according to the equation 

2C3H1OH(◊ + 9O2(g) ---+ 6CO2(g) + 8H2O(◊ 
What mass of water is formed when 1539 kJ of energy is released? 

(A) 3.4 g (B) 14 g (C) 55 g 

Question 64 
Butan-1-ol burns in oxygen according to the following equation. 

CJ19OH(◊ + 6O2(g) ---+ 4CO2(g) + 5H2O(◊ 

(D) 144 g 
[BOS 2012 Q17] 

. How many moles of CO2would form if two moles of butan-1-ol were burnt in excess 
oxygen? 
(A) 2 

Question 65 

(B) 4 (C) 8 (D) 10 
[BOS 2013 Q4] 

An experimental car using ethanol as a fuel source requires 2270 kJ of energy for every 
kilometer travelled. Given that the heat of combustion of ethanol is 1360 kJ moi-1, what 
is the maximum distance that the car can travel on 1.0 kilogram of ethanol? 

(A) 1.7 km (B) 13 km (C) 28 km (D) 36 km 
[BOSTES 2014 Q19] 

Question 66 
The table below shows the heat of combustion for four compounds. 

Compound Heat of combustion (kJ mol-1) 

co 233 

C& 890 

C2H2 1300 

C2H6 1560 

Which of these compounds would produce the greatest amount of energy if 1.00g of each 
is burnt? 

(A) CO (D) C2H6 
[BOS 2013 Q11] 

Question 67 
Which of the following statements best explains the solubility of ethanol in octane? 

(A) Ethanol and octane are both non-polar. 
(B) Ethanol forms hydrogen bonds with octane. 
(C) Ethanol forms dispersion forces with octane. 
(D) Ethanol forms dipole-dipole bonds with octane. 

[BOSTES 2015 QS] 
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Question 68 
The table shows the heat of combustion of four straight chain alkanols. 

NumbdofCawmsmsftmghtchmn Heat of combustion (kJ mol-1) 
alkanol 

1 726 
3 2021 
5 3331 
7 4638 

What is the mass of water that could be heated from 20°C to 45°C by the complete 
combustion of 1.0 g of heptan-1-ol? 

(A) 0.032 kg (B) 0.044 kg 

Question 69 

(C) 0.36 kg (D) 0.38 kg 
[BOSTES 2015 Q20] 

What volume of carbon dioxide will be produced if 10.3 g of glucose is fermented at 25°C 
and 100 kPa? 

(A) 1.30 L (B) 1.42 L 

Question 70 

(C) 2.57 L (D) 2.83 L 
[BOSTES 2015 Q17] 

Which of the following diagrams best represents the bonding between molecules of 
water and ethanol? 

H ", 
H H I /0 0-H H H 

(A) I I (B) I I H 
H-C-c-o" H-c-c-o· 

I I ' I I " H H H H H H 

/0"-. H H H H I I 
H H H-C-C-0 

(C) I I (D) I I ' H H H 
H-C-C-0 

·o-H I I ' H H H I 
H 

[BOSTES 2016 Q5] 
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Question 71 
The following equipment was set up to measure the heat of combustion of an alkanol. 

~ 

fflfflill!iiul 
Ul!!lill) ~ lid 

Omiealiwt~~ 

Black deposits were observed on the bottom of the conical flask and the heat of 
combustion measured was lower than the theoretical value. Which of the following 
equations could account for these observations? 

(A) 2C2H6(g) + 702<i) ➔ 4C02(g) + 6H20(g) 
(B) C3HsO(g) +402<i) ➔ C02(g) + CO(g) + 4H20(g) 
(C) 2C4H100(g) + 302(g) ➔ 8C(s) + 2H2(g) + 8H20(g) 
(D) 2C2H60(g) + 402(j) ➔ 2C02(j) + 2C(s) + 6H20(g) 

7 .5 Reactions of organic acids and bases 

Question 72 

[NESA 2017 Q9] 

A hydrocarbon containing the elements carbon, hydrogen, and oxygen, has the following 
chemical properties: 
i) neutral to litmus AND ii) when reacted with acidified KMn04, the new product 
turned litmus red. The hydrocarbon could be: 

(A) propane. 
acid. 

Question 73 

(B) 2-propanol. (C) 1-propanol. · (D) propanoic 

Propan-1-ol can be reacted with propanoic acid to produce propyl propanoate. This type 
of reaction is best classified as: 

(A) condensation. (B) hydrolysis. (C) acid/base. (D) oxidation. 

Question 74 
To produce ethyl pentanoate the compounds that should be reacted together are: 

(A) ethanol and hexanoic acid. 
(C) pentan-1-ol and ethanoic acid. 

Question 75 

(B) ethanol and pentanoic acid. 
(D) pentane and ethanoic acid. 

A compound has the structure shown at right. 

Hydrolysis of this compound would produce: 

(A) butan-1-ol and propanoic acid. 
(B) propan-1-ol and butanoic acid. 
(C) propan-1-ol and 2-methylbutanoic acid. 
(D) butan-2-ol and propanoic acid. 
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Question '76 
Sodiurn 1aury1 s-u-1fitte is an ine~:pensi'>Te 2111d effective fiJ;:.rnL1g ~1.g:e:ac; \t/it-h good cleaning 

properties. T'his :3u.tLtctant ionises ir1 -\i/3.ter to carry a neg;~-i..th·-e charge. 

\K!hich of tl1e fo]JovJing best ciesc::ibes rhe chss of srn:fact,mis it bdo11gs to? 

(Ji) J-\nionic (B) Cationic (C) :"Jon-ionic (D) Ampbcteric 

Question 77 
\Y/hicl1 of the follov;i11g rnolecules shct\V:3 an ::-inionic s1.:u:fi1ctarn? 

(A) 

(C) 

Hydt()l:",hfJbio H/drophHfc 

-_·•··-·-··-·~_-., _____ ._ ..... ___ ._ ... ___ ·_~·_--(:)_. I 

l-'J••--·,-,:1•«"'·•> .,, • .,...,,,,....i,,, 1 
_,, .... ~"-'•-.,P,_,,--,., • .,.._,M,,-•-·· -.. .... ~"~·-••,. __ ....... (:,~~.~) I 

~---·-

(B) 

(D) 

Question 78 
\v:1at are the rea.::tants used [0 make this compound? 

(B) Butan-1-ol and propanoic acid (A) Butan-1-ol and butanoic acid 
(C) Propan-1-ol and butanoic acid (D) Propan-1-oi and propanoic z.cid 

Q30STES 2015 Q9] 

Question 79 
Consider the following series of reactions. 

\X7hich row in the table below correctly identifies compounds X, Y and Z? 

Con1pouna' J.:" Con1pomul Y 

(A) Ptopene Propan-l-ol 
------·------+----"--

(B) Prnpene I Ethanol 

(C) Edunol 

(D) Eihylene 

1 Ethylene 

Edrnnol 

Propyl edrnnoate 

edianmue 

Ethyl propanoate 
I 

[BC)S 2013 (Il8] 



Question 80 
Esterification can be carried out in a school laboratory using the equipment shown. 

'[ :----\\o•<i out 
I 
J :-Com1e•1sc,1 

\\:.ll"'r H.I - - ----- _! 

- I., 
( "r---Hr1und b\1ttom f1·1sk 

~~~~;':;1'i.:::i~~~ :~:~~:.~ --~\"":~~;_--:/i 
1\ 

How could the safety of the process shown be improved? 

(A) Place a stopper on top of the condenser. 
(B) Add concentrated sulfuric acid to the flask. 
(C) Change the direction of water flow through the condenser. 
(D) Replace the Bunsen burner v,,ith an electric heating mantle. 

7 Ji Polymers 

Question 81 

[NESA 2017 Q4] 

Polypropene is nrnde by the polymerisation of propene, CFbCH =CI-h One sample of this 
polymer is found to have a molar mass of approximately 1.05 x 105 g moJ-1. 

The number of carbon atoms in one .molecule of this polymer would be closest to 

(A) 2500 (B) 2900 (C) 7500 (D) 8750 

Question 82 
Perspex is a hard, transparent plastic made by polymerisation of methyl methacrylate. A 
section of the polymer is shown. 

7 <r1·i3 (l 1H3 }i' (yH, If ~HJ 
---C ·-- C --·C - C --C -- C ··-··C ·-·· C ---

1 I I J I I i I 
H C.OB <1OH S:OH <j=O 

9 9 ? 9 
CH3 CH3 CH3 CH3 

\)[/hat is the molecular formula of the monomer from which this polymer is made? 
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Question 83 
Etbylcn1e ni:ty be converP:d into poiy,jny l cbkride (P\'C) b,· a seri,::s of reactions :,s 

shcnNn in the sequence belcv,.., 

J + 
SC~') :~ ·-~-~~>-, .... 

The steps in this pcocess are best described as 

7 Step 3 
------; Step 1 

(A) !---M~lition 
----- S~,--;~l~•:>_2 _____ 1-

Elimination I Polymeris,ttiot1 

(B) ! ___ l'_co_'_d_ir_io_n ____ +-___ ""_tZ_e_d_t __ 1c_t_"it_-"'_n ____ ,l ____ c_,c_,f1_1_cl_e_.n_2_,a_t __ ic_,1_1 __ ~ 

(C) I Chlorircation ____ S~:i_,_· t_i·,_u_t1_io_._,1 ___ +I ___ P_-_o_ll_'t_T_1e_1_·i,_:a._t_·ic_J_n_._--< 

(D) I Condensation Elimination Addition 
'-------------~-----------'-----------~ 

Question 84 
Ethvlene is a very frnportanr io.dusu:iaL chenicaL The re.est ir..1portattt jndusb:ird source of 

ethylene is: 

(A) etluncl. (B) crude oil. (C) chloroed1ane. (D) polyethylene. 

Quesciou 85 

Ae::ylic acid, CH2=CHCOOH, can be polymerised to make acrylic resins, The type o• 

polymerisatioa it undergoes and J. sec;:i.011 of the resulting polymer would be: 

(A) 

(B) 

(C) 

(D) 

Type o[reaction 

·:=onclensation 

Ccnde:r:.s:1tion 

Section ofpo~vn:er 

,-C~ LCJl·-C':.l/~.:l·~--·(X-:t 

··J..:,~:K:~;-1 '"/~uoH 

i\.ddition ..... :) -~_:'.1·1::c::--1..r j' 

~------,t---------------------

Addition 



Question 86 
Polyvinyl acetate is a component of PV A glue. Polyvinyl acetate is made from vinyl 
acetate. 

J:-I 
l 

H2C: ::::: C --·· OCOCH 3 

vinyl ·acetate 

The structure of the polymer is most likely to be: 

(A) 

(B) 

(C) 

(D) 

H 
I 

·-CH,-t; ""? 
H 
I 

~~"- <1: ·-·· (~H-1 ~- C ~-:: f/ ,,.,_., 
('.tCli3 OCH3 OC.H:i 

It f lj1 
--CH,··C'"·Cl➔.,·-C -·CH,-···C-·· ., I .. I - i 

OC:0Cl-i1 OCOCll 3 OCOCl'.L1 

- .. ~CH.1---,CH---O --... C --CH')--CH-0-C-
• i II - I II CH, 0 CH, 0 

'[COCH, ?COCH, ))COCH,1 
--·' > - ·(> -- ..... ,--c -

I l I 
B B H 

Question 87 
\1(7hich of the following is the monomer used in the manufacture of the polymer, 
polyvinyl chloride (PVC)? 

(A) Carbon tetrachloride 
(C) Chloroethane 

Question 88 

(B) Chloroform 
(D) Chloroethene 

Lactic acid, CH3CH(OH)COOH, can be polymerised to form polylactic acid (PLA). In 
one experiment the polymer chains had an average of 1000 monomer units per polymer 
chain. The approximate molar mass, in g mol-1, of the polymer was 

(A) 54 000. (B) 72 000. (C) 81 000. (D) 90 000. 

Question 89 
When a condensation polymer is formed, the other product is often: 

(A) water. (IB) hydrogm (C) oxygen. (D) chlorine. 
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Question 90 
Cellulose can be converted into ethylene by the following sequence of reactions. 

cellulose ~ glucose step 2;i., ethanol step 3 )lo ethylene 

The steps in this process are best described as 

(A) 

(B) 
(C) 

(D) 

Question 91 

Stepl 

Hydrolysis 

Polymerisation 

Hydrolysis 

Fermentation 

Step2 

Oxidation 

Fermentation 

Fermentation 

Substitution 

Step3 

Dehydration 

Addition 

Dehydration 

Condensation 

The polymer PEN (polyethylenenapthalate) is a condensation polymer used to make high 
quality bottles and high-performance sailcloth. A section of the structure of PEN is 
shown below. 

The two monomers used to produce this polymer are 

Monomer I Monomer2 

(A) H,,@@(H 
0 H H 0 
II I I II 

HO-C-1-c -C-OH 

H A 

(B) 
H H 

jr 

I I .J'.g@rc -oH 
HO .... c 

HO-C=C-OH II 
0 

(C) 
0 W©@'H II 

H-0-C-H 

(D) 
?i H H 

J§:(g(C-oH I I 
HO,c HO-C-C-OH 

II A h 0 

Question 92 
Synthetic biopolymers are likely to become more important in the future because when 
compared to current synthetic polymers: 

(A) their physical properties make them more useful. 
(B) they are more easily broken down into simpler molecules. 
(C) their chemical properties make them more useful. 
(D) they are cheaper to produce. 

Question 93 

polymer 

Which one of the following compounds is represented by X in the flow chart? 

(A) Cellulose (B) Ethanol (C) Glucose (D) Styrene 
[BOS 2012 Q2] 
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Question 94 
A portion of a resin made from acrylic acid (CH2=CHCOOH) is shown. 

i °',.rOH O~f_,⇒H 
CH2-CH-CH2-CH 

n 

Which type of reaction results in the formation of this polymer? 

(A) Addition (B) Condensation (C) Dehydration (D) Esterification 
[BOS 2013 Q9] 

Question 95 
Which row of the table correctly matches the reactant and the product of an addition 
reaction? 

(A) 

(B) 

(C) 

(D) 

Question 96 

Reactant 

CH3-CHz--CH,-CH2-0H 

CH3...CH2-CH2-<;:H...CH3 

OH 

CH3-CH=CH-CH2-CH3 

0 
CH -C? 

3 '-oH 

Product 

CH3-CH2-CH=CH2 

CH3-CH2-CH=CH-CH3 

CH,--CH26H--CH2--CH, 

CH-C,f-O 
3 '-O-CH3 

[BOSTES 2014 QS] 

What is the structure of the polymer most likely to have been used 
in the manufacture of the cup shown? 

(A) 
r O H a H at 6-6-6-6-6-6 

I I I I I I 
HHHHHHn 

(B) 
r H H H H Ht ~-i-~-i-~-i . 

(C) 
r a H Q H Ot 6-6-6-6-6-6 

I I I I I I 
HHHHHHn 

(D) l-· ... -i 
~-

[BOS 2013 Q13] 



{,21.1t::sdon 97 
'T"vc,. rnonoalet~. ase sbO\'Fn. 

r--: 1--{ 
I 

.ti(f~-·(:'•·-(~ ·--!,)1-{ 
I 

i--l 1--{ 

0 
jl 

HO--·(..:····i•:·1--1 

YX!hich or tbe foDowing shov.rs ;, conde11s,1.tion 00Ly1ner th,lt cou.ld be fonned from the 

inono:r_ners? 

(A) 

Question 98 

··1 

i-
' 

---~J 

{B) 

(D) 

1------
:--1 1:r () t,.'} 

I y Ii II 
l !,)--\--\- (,----C-·-,'.::H.=1,--,:-(kl 

F !--!: 

LBOSTES 2015 Q11] 

Bdow is a representation of a seg1nent of the p0lymcr nylon 6,6. 

Which of the following represents the two monomers dut are used to produce nylon 6,6? 

(A) 

(B) 

(C) 
---1 

------------1 

(DJ, I I 

[BOSTES 201J, QlS] 

Question 9':1 

\Vhid1 ro,v of the table correctly identifies an applicatior1 of polystyrene and Lhe reason 

for its suil,,biliry for that applkation? 

(A) 
(B) 
(C) 
(D} 

I 
f 
I 

_____ A.~1~~'-'P_·licatio,1 ReilBOil la1· suit,ibili,y ~-i 
Shopping ba~r-~s ______ ~ _______ R_1·_~g_ic_li_t,~;, _______ _ 

I Sboppinr! bags Flexibillrv ' 
--j 

Scewd:civer ha;1dle Rigidity 

Screv1drlver handle Flexibilitv 

lBOSTES 2016 Q4] 
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Question 100 
A polymer has the following structure. 

I
' CH, H H ff CH3 1-1 H H CH, H l -·· ... b.~--~ ... b.. ... L. .. b --L-b_.J_J .. ~.~ --·· 

l I I 1 f I I I I i \ H H CH3 H H H CH:i H H H . !I 

Which of the following represents the monomer from which this polym.er can be 
produced? 

(A) 

H H 
I , 

(C) HO···C C OH 
I ) .. rn, r! 

Question 101 

(B) 

(D) 

H 
I 

fl-C = C - C - CH, 
I I I . 
H H H 

[BOSTES 2016 Ql 7] 

What is the product when propene undergoes addition polymerisation? 

H H H H H H 
I I I I I I 

(A) - C - C - C - C - c- C -

I I I I I I 
H H H H H H 

H CH3 H CH~ H IH3 I I I I . I 
(B) - C - C - C - C - C - C -

I I I I I I 
H H H H H H 

H I-I H H H H 
I I I I I I 

(C) - C - C - ~ - C - C -- C -'· 
I I 

H H 

H CH-~ H CH, H CH3 
I I . i I J I I 

(D) - C -· C - C =C - r' =C -'-· 

I I 
H H 

--
[NESA 2017 Q12] 



Modu!e 7: Organic Chemistry n 

7. 1 l'..J omendat,1re 

Question 1 
I)ra\v st11.1clun111~)J:1DElae foJ. ~t cornpound of :r:noleci..:,lJ.r fornTula C:J.:i11'-~·o, th~Lt contains 

an a1dehyde ;u1d a prirria:ry an1i11e. 
[1 nurk] 

Question 2 
A ss_mpk: of sunchrd g:::ade petrol was found to b:we the componencs, as shmvn in the 

t,ible below. 

Fo_t1T1ul::J 
i 

Hexane l 
L C6I--f6 

-----, -----1 
l,iethvlhe2:ane C1H15 
-------'----------------+-------------------

Benzene 

! 
Trimethylpentane CsI-I1s 

_ Me,hyli1ept:me CsH1s 

(a) Two of the ide,1tifiecl compounds are ison,ers. Nmne the 1:VJO con-,pounds and 

explain your choice. [2 nc1c.rks] 

(h) One of the above compounds is NOT an alkane. ldemify this compound and give a 

reason for your choice. [2 marks] 

(c) \X/hen these corcJpovncis bun1 in an engine, the products are carbon dioxide and 

water. 'J'hite a balanced equation for tbe cornbustion of rnethylhexane. [2 marks] 
[Total= 6 marks] 

Question 3 
Alkenes cm be made by dehydrating alkanois, as shown below. 

:~; i:i 
, I 
I I ,_; y ~~ 

~:.t t,~ 

(a) \Y/lnt homologous series doe:; com~ound B be1_ong to;, [1 rnarkj 

(b) Cornpolrnd C belo,1gs to the same homologous series a,. compound B. 

Drnw a possible strnctme for compound C. [1 mark] 

[Total = 2 m2rks] 
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Question 4 
Draw the structural formula and give the systematic name for the isomer of heptane with 
the most side chain branching. 

[2 marks] 

Question 5 
Draw and name an isomer of 2-amino-2-methylbutane. 

[2 marks] 

7 .2 Hydrocarbons 

Question 6 
Outline one physical and one chemical propert1 that differs for ethanoic acid and methyl 
ethanoate. 

[2 marks] 

Question 7 
Ethanoic acid and methyl methanoate both have the rnolecular formula C2Hi02. \1vhich 
compound would be expected to have the higher boiling point? Explain your choice. 

[2 marks] 

Question 8 
The following compounds have similar molecular weights 

(2) CI-hOCI-h (3) C2HsOH 

Identify the compound with the highest boiling point and explain the reason/ s for this 
choice. 

[2 marks] 

Question 9 
Which of the following compounds would you expect to have the higher boiling point? 
Give reasons for your answer. 

H H H H 
I I I ! 

1!-C-C-C-C-H 
I I I I 
H H H H 

Question 10 

H H H 
I I I 

H-C-C-C-H 
I I I 
H H H 

[2 marks] 

Identify and explain the trend in boiling points as carbon chain length increases in 
al1rnnes and all~enes. 

[2 marks] 

Question 11 
Ethanol is related to ethene. Compare the physical properties of both substances at 
standard conditions and account for any differences observed. 

[3 marks] 



(tuestion 12 
'Enrii"i'Jf'.l,'llc'?!tl!l t"ssl!tS haVr/ beco,:\•i€ .:..! dlld 

(lr1:-.::ic in tlcn~~ffi.) i1: the dJ.rcot1t:t,,1 a!id t::~/1loiftlfion ~(oil !'fJt:i'l:r.:s. J 

A<leba_vo and '"fm7/abi.rll) .lXt~t b~nviron Blotccl,nol 2'0t!.~ 3:3 

E·~;,ralcstte thl~: staterncnt and .include the sociocuh:utal irnpEcatioa~;: if oil :Jnd gas 

cxplc,raci.on and prodLlc~ion \vas to cease. 

Question 13 
The following three :,lkane isornen: de ,iot have same boiling point. 

hexane, 2:.2-dirnethylbutai::ie and 2--:::nethylpentanc 

Question 14 

[A· rmcrks] 

Inter:11o~eculai: forces phy an important role in dcterrnir1ir1g the properties of substances. 

Name ;i.t lea.Si: three properties ,vhich are influenced by ini:ermolecular forces and nB.rne 

wl1ich of the major interff:olecubr forces are acting on each o:: these physic9l prni=->erti.es. 

Question. 15 
A student created the following models to 

dernonstrate a chemical process. 

rn 

(a) \X/hac is the chemical process being rnode!Jed? 

(b) \Why a.ce rnodels such as tl-1ese useful? 

[3 marks] 

(t rn.ark1 

[2 nY,rks] 

[BOS 2012 (122; 'I'c)tal = 3 rnarks} 
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Question 16 
The boiling points and molar masses of three compounds are shown in Lhe table. 

0 ---- •• J -~~:7:-- point°C J'/llolar mass, g/ mol 
Acetic acid 118 60 
Butan-1-ol 117 74 
Butyl acetate 116 116 

Acetic acid, butan-1-ol and bul-yl acetate have very different molar masses but similar 
boiling points. Explain why in terms of the structure and bonding of the three 
compounds. 

[NESA 2017 Q27; 5 marks] 

7"3 Products of xeactions involving hyrlmcatbons 

Question 1.7 
Ethene, C2H4, is an iinportant starting material for the production of many materials. For 
example, it can be converted into ethanol, C2HsOH. 

catalyst 

(a) What is the name given to this type of reaction? [1 mark] 

(b) Give two more examples of reactions of ethene. In each case, include an equation in 
your answer. [4 marks] 

[Total= 5 marks] 

Qu:estion 18 
Alkanes and alkenes are two important classes of organic compounds. 

(a) Describe the difference in structure between alkanes and alkenes. 
[2 marks] 

(b) Describe the experiments you could carry out to distinguish between an alkane and 
a11 a]kene. Include in your description any potential hazards and how they may be 
avoided. [3 marks] 

[Total= 5 marks] 

Question 19 
Propene, C3Ho, and ethene, C2Hc1, are used to make a wide range of materials. 

(a) Draw the structures of ethene and propene. [2 marks] 

(b) Both propene and ethene can be made from butane, C4H10, in reactions that involve 
brealcing one of the carbon to carbon bonds of butane. In each case ti¾e alkene and 
one other product are formed. Give separate, balanced equations showing how 
butane can be converted into these rwo alkenes. [2 marks] 

(c) In the presence of a suitable catalyst propene will react to produce a polymer. Give 
an equation for this process and draw the structure of the product. [2 marks] 

( d.) \'vhen propene undergoes a reaction with HBr two products are possible. Draw the 
structures of these two products. [2 marks] 

[Total= 8 marks] 
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Question 20 
Hydrc,carbon }\ .. ~ 1nolecu.lar f(Jrn1u.la C-c,.Hi2, reacts \\rid:i chlorine to DJ:1n1 [~) rnoleculat 

forrnc,l,L C6I-L2Ch, and vJich HCl t1) frltm hvdrocarbon ·11olecular for,,1uh. C0H·./:::l. 

(a) State the systen1adc narnes ar1d .structt.1r::1J fc}rn1r1:lae CJf su.tJsta1-1.ces Band C. 
[3 rna.rks] 

(b) Identify t\VO ison'.1ers of substance .LI'\. 211.d sc:tte their s,,rstesn.acic LanJes 8.11.d structnraJ_ 

formulae. 

Que8tion 21 
Hydrocarbon C]H602has che follmving chernicai properties: 

Is soluble in water 
0 Dissolve,: reaciily in NaOI-i solution 

[2 nrnrks\ 
[fotal = 5 marks] 

Reacts ·with ethanol and a trace of sulfuric acid to form a sweet-smelling liquid. 

Suggest t}:-1e structure of the hyci.rocarbon ar::_d the reason for reaching tl:lls anS\Ner. 
[4 rnarks1 

Question 22 
T,;vo Y-JJ.mvn alcohols, 2-methyl-2-pentanoi and 3-methyl-2-pent311ol, are in reagents 

bctdes; h2.ve their hbels missing. 

(a) Si1mv the stn1c1im1! forn:1ulae for the '..,vo alcohols. [2 n1arks] 

(b) Outline and give the results of a chemical test to distinguish between tb.ese t,vo 

alcohols. [2 1narl:::sJ 
[Total = 1!- 111arks] 

7.4 Alcohols 

Ques,tion 23 
(a) Propan-1-ol ,vill undergo complete cornbuscion in air, \Xirite a balanced chemical 

equation for this reaction. [1 n1ark] 

(b) C2Jcuiate the volume of carbon dioxide produced at 25°C and 100 kPa when 85JJ g 

of propan-1-ol is completely burnt in air. [2 marks] 

Quesdon 24 
A studeLt determines the heat of combustion of 

methanol, CH3OH, using the app,u:atus shown. 

300 rnL of water is phced in the n1etal can. The 

ternperat11re of the \Vater is rr1eas1.1red befare arid after 

heating by the methanol b,x:ner. The burner is 

weighed before and after heating the water. 

The student obtains the results show:1. 

" mass of burner and methanol before combustion, 

g = 35.674-
mass ofbu.rner an_d 1T1eth~:nol after cornl:n.1stion, g = 34.396 

te1npe:1:atL1re of water in can before heating,. °C = 16.3 

ten1perature of water in can after heating, °C = 28.1 

[Total = .3 rnatl--::s] 
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(a) Why was a metal can used rather than a glass container? [1 mark] 

(b) How many mol of methanol was burnt? [2 marks] 

( c) Calculate the heat given to the water in the can if the specific heat of water is 
4.18_J°C-1 g-1 and its density is LO g mL-1• [1 marl<] 

( d) From parts (b) and ( c) above, calculate the heat of combustion of methanol 
in lrj rnoJ-1• (1 marl<] 

(e) The accepted value for the heat of combustion of methanol is 725 ltj moJ-1• 

Suggest two reasons why the value determined in part (d) is different from 
this value. [2 marks] 

[Total = 7 marks] 

Question 25 
J\ camper uses methylated spirits, which is mostly C2HoOH, as a source of energy to boil 
his drinking water. 

(a) \'(!rite a balanced equation for the reaction of methylated spirits with oxygen. 
[1 mark] 

(b) If 1 mol of methylated spirits releases 1364 hJ when it is completely burnt in excess 
oxygen, calculate the amount of energy released when 1.0 g of methylated spirits is 
burnt. [1 marl<] 

( c) A camping stove that uses methylated spirits as its foel heats a small kettle 
containing 950 mL of water at 12°C. What mac,s of methylated spirits must be burnt 
to heat the water to its normaJ boiling temperature? Assume that 4.2 J will raise the 
temperature of 1.00 mL of water by 1.00°C and that only 40% of the energy 
provided by the combustion of the methylated spirits is used to heat the water. 

Question 21/i 

[4 marks] 
[Total= 6 marks] 

There are four possible isomers of alcohol C,H10O. Draw the structural formulae of the 
four isomers. 

(4 marks] 

Question 27 
Ethanol, C2HsOH, is used in many pa1i:s of the world as an alternative transport fuel to 
hydrocarbons, such as petrol. The table shows some of the properties of these two fuels. 

Pmpe1°1y Etha110J Petrol 

Sources Fermentation of Distillation/ cracking of 
carbohydrates crude oil 

Boiling temperature (0 C) 78.3 27 -240 
Flash point (0 C) +13 -43 
Energy of combustion (kJ g-1) 29.7 46.0 
Octane number 113 91 - 97 
Energy densiq (MJ L-1) 23.4 34.0 

Use these data to assess the suitability of ethanol as a transport fuel. 
[5 marks] 



()uesticn 2tl-
Etl,:mol, C2t-l:OH, is an ,,lternafr,:e fuel to o·:mnc, CJ-Ii:, for rnotc>r vehicles. 

(a) \;{/rite a-;-\ equation for the ccnnpiete co111I)u.~:ticriJ_ of each of these :hJels i:n_ oxygen. 
[2 1n.s,rk~;J 

{b) (i) If tlr:~ of oc:tane is 0.698 g 1nI.,~1 ~ calculate d1.e rnass of ,o,c:tane in :t 50.0 L 

tank of rhe foeL 

(ii) \ivhat mass of edianol wilJ be present in 50.0 L if the densicy of etha.nol is 

The heats of co1T1bustio11 of octane and efr anol are 5464 kJ n:oI-1 and 1364 :zJ moJ-1 

respectively. 

(c) For -each fuel, calcnlate the energy that rnn be obtained from the complete 

cornbustion of a. 50.0 L of the fuel. [4 marks] 

For ezch fuel, calcufa.te the mass of carbon dioxide formed when 1000 1.-J of energy 

is released. [2 marks] 

rrota! = 10 maxks] 

Ques tioit1 29 
l\. student st1J.died the rna_ss changes that occurred during the ferrnentation of glucose for 

eight days. Glucose, yeast and ,,v;::ter were added to a flask, the neck of ,;vhich contained 

some cotron wool. 'T11e mass of the tlask ax1d conten':s for each of the eight days are 

recorded in the table below. 

Day , Jkfczss o[flai,:k -!- contents lVIass o[ffask {- contents (g) 

1 421.62 4E52 

2 413.57 6 

7 411.86 

4 4-13.99 s 411.34 

(a) \Xhite a balanced equacion for tbe ferr:.1.entation of glucose. [1 mark] 

(b) Calculate the coral amount of CO2, i11 moles, released during this e·:periment. 
ll rr,ark] 

(c) Caln,late the rnass of ethanol ptodL1_ced during this ferrne11tation experiment. 
n 
1_-· 

[I otaj = il n1arks] 

Question 30 
Defln.e tb.e terrn >?iolar heed of co,111bustio:1. 

[1 mark] 

Qctestion ,"i,Jl 

It is possible to get t'v70 different products frorn the o=~idatior1 of eth::tnoL 

(a} TVVtite equations fo.L the t-.:.:-.ro react!.ons 8.nd ~1.arne the hydnJcarbon products. i2 :;:n2rk•;l 

(b) 3:,plain yo;_1_ get a different p:oduct by changing the conditio!.1s. [2 m:,rks] 

(c) Eur:an-2-ol oxidation only rields one product. Narne die produn and e2:pkin wh, 0 

onl:0 one pruduct is produced regardless of the cond:tions. l2 rnarLj 
[fornl = 5 rn~rb] 
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Question. 32 
The first three alcohols are soluble in water, butanol and pentanol are slightly soluble and 
the rest are insoluble. 

(a) Explain the solubility of this group of compounds. [1 mark] 

(b) Explain the decline in solubility with the increasing numbers of carbon atom. 

Question 33 

[2 marks] 
[Total = 3 marks] 

A spirit burner containing ethanol was used to heat water in a conical flask for three 
minutes to measure the molar heat of combustion of ethanol. The results from the 
investigation are shown. 

Time,min 0 0.5 1.5 2.0 2.5 3.0 3.5 4.5 5.0 . 
Tempen.,-z:u·e 

18.5 20.5 25.0 27.0 29.5 31.0 30.5 28.5 27.5 ofwater, °C 

(a) On the grid, draw a line graph to represent the data contained in the table. 

(b) The follow:ing values were also 
recorded during the investigation: 
Initial mass of spirit burner 
= 236.14 g 
Final mass of spirit burner 
= 235.56 g 
Calculated experimental molar heat 
of combustion of ethanol 
= -827 kJ mot-1. 

[3 marks] 

Using information from part (a) and the above values, determine the mass of water that 
was in the conical flask [3 marks] 

(BOSTES 2016 Q23; 6 marks] 

Question 34 
Petroleum and sugar cane are both raw materials used for the production of ethanol. 

(:a) Construct separate flow diagrams for the production of ethanol from each raw 
material. 

petroleum --> 

sugar cane --> [5 marks] 

(b) Compare the environmental sustainability of producing ethanol from these two raw 
materials. [3 marks] 

(BOS 2012 Q26; Total= 8 marks] 
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Question 35 
The boiling points of some alkanols are given in the table. 

Alkanol Boiling Point (°C) Alkanol Boili111.!' Point (°C) 

Methanol 65 Pentan-1-ol 138 

Ethanol 79 Hexan-1-ol 157 

Propan-1-ol 97 Heptan-1-ol 176 

(a) Using the data provided, construct a graph that shows the relationship between 
carbon chain length and boiling point. (3 marks] 

(b) Using the graph, predict the boiling point ofbutan-1-ol. (1 mark] 

(c) What is the intermolecular force responsible for the trend shown in the graph? 
(1 mark] 

[BOS 2012 Q31; Total= 5 marks] 

Question 36 
A 0.259 g sample of ethanol is burnt to raise the temperature of 120 g of an oily liquid, as 
shown in the graph. There is no loss of heat to the surroundings. 

Temperature 

60.0 

50. 

40. 

of oilr liquid 30 0 re) · 
20.0 

10.0 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I o~------+------

Heating 
commenced 

Heating 
completed 

Measurements 
stopped 

Using the information shown on the graph, calculate the specific heat capacity of the oily 
liquid. The heat of combustion of ethanol is 1367 lrj" mo1-1• 

[BOS 2013 Q27; 4 marks] 
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Question 37 
A student performed a first-hand investigation to determine 
the quantitative relationship between heat of combustion and 
molecular mass of alkanols. The student did this by burning 
different alkanols to heat water as shown in the diagram. 

The calculated heats of combustion for four of the alkanols 
are given in the table below. 

thermometer 
beakerofwat<I' 

gauze mar 

tripod 

spirit burner 
with allmnol 

Molecular mass 
Calculated heat of Theoredcal heat 

Alkana] 
(g mol-1) 

combustion of combustion 
(kJ mol-1) (kJ mol-1) 

Methanol 32 150 726 

Ethanol 46 950 1367 

Propan-1-ol 60 1500 2021 

Butan-1-ol 74 2250 2676 

(a) On the graph paper, graph both the calculated and the theoretical heat of 
combustion against the molecular mass of the alkanols. [3 marks] 

(b) Discuss the validity of the student's investigation. [3 marks] 
[BOSTES 2014 Q22; Total= 6 marks) 

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

[BOSTES 2014 Q31; 7 marks] 

Question 39 
In recent years many scientific research groups have investigated biopolymers. In terms 
of their likely impact on society and the environment discuss why biopolymers have 
attracted this interest. 

[4 marks] 

Question 40 
(a) Outline TWO advantages and TWO disadvantages of using ethanol as an alternative 

fuel for motor vehicles [4 marks] 

(b) The molar heat of combustion (b.Hc) for ethanol is 1360 kJ moJ-1• Calculate the 
energy generated per kg of CO2 released by the combustion of ethanol. [3 marks] 

[NESA 2017 Q28; Total= 7 marks] 



(lrt.ef!tiG :1:-1 4 _i 

\\,.,\:i1n:~' t'l1e C1)r-1ip(1r)Dd Le.lo><v :.rP(: 1t~·, ,:;air., .,,,~1hl:u n::::lCtf·.d \V1t"h 1"'·,L1()f-1. 

Qucgtion 42 
(:r:::) \{fri.r~ :.1 baL·li1ced. t:he.tnic;.d tY?UJrJiuu, using •.:;tr;_icJ-uL,tl Vu•tEu.1,:te~ f'lf tht: frJrI11Ut.t"iun of 

ethvt b1,1t;';;~cate. r:~ rT1:itk!:~1 

(b) Cnrnmm, ;;afcry p,·cc.-1L,li.)1:,, i,1 school hh,-:,orori,:i i,,ciudc .-he liSC of :·;afot\· gh,,:;e-., 

glc,vt.'.S ;.ind htb cr..:>~tt:::. Jt~stify 1~1<:: -:JSe of 14norl1er p1:t;::.:-.luti.::1n sp(:clfic:illy rcquir1.~d 

Qn<:.stion J,.J 

[:2 mwrb.:i 
~D( )!~ ::n 12 ()21 · Tqtal = .'.L:n,1-rksJ 

)\.~1 t:·:~tt:r 211.1cl ,1n 2u,.-id. ·1te l::iorh 1isted ~is aclc~itivr:::: on a. food h!bel. 

Tixpl.?.!J.1, on ~l b;bt:Ued ,.~•"i,"'··d, \Vh~i tefh.r::: i~~ u.se..:l to pro-dnce an :,-:'.S'~\~r. 
~-5( )~) 2013 (/21 t'!; .:j. ffLFis~~1 

:Que3tion 1.~.;.~ 

1-:·:tbyl :-1cetitte (ethy] ethano:-1ce) is an ester used as a sci,.rent 1n s(Hne p2~i11ts, glues and nail 
poEd:. ter~10\ er. --:··~-ie fl.o\r· cl1,t.rt bt:·lo·:,v ~:hovis ho(~\; e:th.yl ~1cerate C(Jti:d. b~ ptodnce·d frorri 

gj_,KOSt:. 

(b,'.1 f)escriL1e the ci'~erc~is~·.c-,r in\·oi'lec~ in exJck·~ cd: cbe ::_;teps 
Ytll.S-\:,;;~r reJev(urt egu.;rtio:,1~:. 

Quest~u:··, 'IS 
,-i"'ht' JiJ.gtan1 LH::lo'i.v reDr::i~:.::'nts a 

2 a1~d 3, Include in your 

!2 n~'-1~,~<t 
f1\)ttd. =- 3 ff.J(li°ic\•i 



Question 46 
Describe the chemical nature of a typical which may be used in the soap 
making process. 
Write an to show the saponification of a typical fat. 

(1 mark] 

(2 marks] 
[Total = 3 marks] 

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

[BOS 2013 Q32a; 3 marks] 

Question 48 
A first-hand investigation to produce an ester is to be carried out in a school laboratory, 
using an alkanol, an alkanoic acid and a suitable catalyst. 

(a) Name an ester that could be produced in a school laboratory. [1 mark] 

Describe how potential hazards associated with the three chernicals required for this 
investigation could be addressed. [5 marks] 

Question 49 
This apparatus was set up to produce methyl 
butanoate. 

[BOSTES 2014 Q26; Total= 6 marks] 

Identify a safety issue in this experiment. (1 mark] 

(b) Using structural formulae, write the equation for the production of methyl 
butanoate. (2 marks] 

Justify the use of apparatus X in this experiment. [2 marks] 
[BOSTES 2016 Q22; Total= 5 marks] 
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Question 50 
A haloalkane, A, on analysis gave the following percentage composition: 

Element Percentaee composition, % 
Carbon 63.1 
Hydrogen 11.9 
Bromine 25.0 

Hydrolysis of this substance gave a compound, B, which was readily oxidised to an 
alkenone, C. 

(a) Construct a flow chart for the production of C, showing all the additives in the 
process. (5 marks] 

(b) Name A, B, and C. 

7 .6 Polymers 

Question 51 
Fill in the table below. 

Monomers 
Common 

Systematic name 
Name 

Ethylene 

Vinyl 
chloride 

Styrene 

Name 

LDPE 

HDPE 

Polymers 

Properties 

(3 marks] 
[Total= 8 marks] 

Use 

[4marks] 

Question 52 
Using full structural formulae, show the monomer units for vinyl chloride and styrene 
and demonstrate the formation of their respective polymers showing at least three 
monomer units in the polymer chain. 

[4 marks] 

Question 53 
Explain why and how the chlorine and benzene side chain significantly affect the nature 
of the polymer in terms of its properties and uses. 

[2 marks] 
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Question 54 
Answer these questions in relation to the diagram below. 

(a) Identify the type of polymer and list some everyday polymer which has this 
structure. [2 marks] 

(b) Describe the relationship between the structure, properties and use of this plastic. 
[3 marks] 

P1 P2 P5 

P3 P4 

[Total= 5 marks] 

Question 55 
Each of the properties below affects the nature of the polymer. For each, explain its 
significance in the polymer. 

(a) Length of chain 

(b) Chain arrangement. 

(c) Degree of branching 

( d) Cross linking between polymer chains 

( e) Inclusion of additives 

Question 56 

[5 marks] 

(a) The monomer vinyl chloride, CH2=CHCl, is used to make the polymer polyvinyl 
chloride by passing it over a catalyst. 

(i) Draw a partial structure of polyvinyl chloride by showing how three monomer 
units would be linked together in the polymer. [2 marks] 

(ii) What name is given to the reaction undergone by the vinyl chloride? [1 mark] 

(b) The diagram below represents a small section of a co-polymer, that is, a polymer 
made from more than one monomer. 

Draw the structures of the monomers from which this polymer is made. [3 marks] 
[Total= 6 marks] 



Question 57 
Acnlo,1itrik: i,; the rn_o1,orner used to nuke pcly:indoniLde (F_AN). The Ftn:cmre of the 

n1011()tne.t ic:-:: ~.h~J\vn b,elc1\V, 

Pi\J\f is used to rnaJ::e '()rlcH1' fibres, \vhich 2,re us..;:d to rnrtke rL1gs~ blankets a1]_d clothing. 

(r,,) Draw the strncLcu:e of the polymer PAN. [l rnatk] 

(b) 'The pmperties of polyrnt'r, are very importailt in determisiing their uses, Discuss tl1,~ 

propercics expected fc,r pc,lyacry-lonitrile. 

Question 58 
The flo,v cbart sho\Jm below describes the production of polyp:-opene. 

! _, ___ __._.._ .. ,___.___ .. 1 ~J!.•~H,,C;:.s, 1~~- ,,.,_,, ... ,'"--~•-•·i 

i 1~rc-.per?r::~ 1 ""~--~----:► ; P0l;1·t.1r,Jp,.:ne i 
t ~ .. _[ ~ : 

(a) Give the narne of con:1pound Q and clravl its sttucture. 

(b) Describe process K 

[3 masks] 
Lfotd = 4 rrrarks] 

[2 marks] 

Process R w2,s used to produce a sample of pclyprnpene. The 1nolecules of po1ypropene 

in the sample he.ve different molecuhr weights ,mcl t1:-1is clistrlbutioE ~s shmvn i_-,_ the 

graph belo•;;7, 

t,JErut:''•~X c.f 
pc•i}'TJV.:!' 

r:, :..nt<:-.~:~ .. :J,.:~·i; 

(c) do all the rnolecdes of polypropene not have 1±ie same exJlectclar 'Neig-ht,? 

Que;:tion 59 
(a) :CJ,::scribe tl1e steps 1.nv(Jlved in the precess of addition j)ob11Herircfio11. 

[l markl 
[Tntal = 6 :Tnrh,] 

(b) Explain the uses of polyethylene and polystyrene in terms of their structures 2nd 

propenies, [d- merb] 
Q30STES 2015 Q25; Total = 7 rnarbJ 



Chapter ~1 
tJ,ciu~~e 8: iApp;·)rh1g (:hernical 

hje,as 
Wt~uU~p~1:El!,,.,ri;hom,i::f:rJ 1quf}Sfd1,ons 

8.1 Analysis of ino:rgani c substances 

Q,rnestion 1 
Industrj.al chemists must monitor h'le emissions produced by industrial chemirnl 
processes. Which one of the following would be the LEAST harmful when released into 
the ':nvironment? 

(ii) Nitrogen (B) Si:earn 
(C) Sulfur dioxide (D) Carbon monoxide 

A sample of pond water from a contaminated site was analysed to determine the 
concentration of lead ions using the follmv:ing procedure. 
Ill A measuring cylind<:t was used to collect 50 mL sample from the pool. 
" A sample was placed in a clean dry beaker . 
., 25.0 mL of 0.200 mol L -1 sodium chloride solution was z.dded to the 
® The precipitate of lead(II) chloride that forcned was filtered, dried and w1.1:,,11u.,. 

It had a mass of 0.13 g. 

Question 2 
How could the reliability of the analysis of the pond \Nater be improved? 

(A) Analyse mo1·e samples from the same pond. 
(B) Use 50 mL of d1stilled w;iter as a control sample. 
(C) J\natyse samples from different ponds on the site. 
(D) Remove other contaminants from the sample before the analysis. 

Question 3 
'7Jhat was the concentration of lead ions in the sample? 

(A) 5.0 x 10-3 mol L-1 

(C) 9.3 X 10-3 mol L-1 

(B) 5.8 >< 10-3 mol L - 1 

(D) 10.7 >< 10-3 mol 1,-1 

[BOSTES 2015 Q18 & 19] 
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Question 4 
Drinking water is regularly tested to ensure that it is safe for consumption. Which of the 
following test results indicates the highest drinking-water quality? 

Dissolved oxygen 

(A) 

(B) 
(C) 

(D) 

Question 5 

(mg/L) 

2 

8 

2 

8 

Nitrate 
(mg/L) 

0.1 

0.1 

2 

2 

Total dissolved solids Turbidity 
(mg/L) (NTU) 

50 50 

50 2 

200 2 

200 50 
[BOS1ES 2014 Q6] 

To determine the concentration of dissolved solids in a sample of creek water the method 
used is partially summarised below. 

• Filtration of the creek water 
• Washing the residue. 
• Evaporation of the filtrate to dryness 
• Weighing the solids 

Several important steps are missing from the summary. Which one of the following steps 
need not be added to the method? 

(A) Weigh the solid residue obtained after filtration. 
(B) Weigh the evaporating basin before the filtrate is added. 
(C) Dry the solids to constant mass. 
(D) Measure the initial volume of the creek water. 

The following information should be used to answer Questions 6 and 7. 

The concentration of ozone above the British Antarctic Survey station at Halley Bay in 
Antarctica has been measured each October since 1956. The results are shown in the 
graph below. 
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Question 6 
Using only this information, which of the following statements is correct? 
(A) The ozone concentration will be greater in 2018 than it was in 2010. 
(B) The decrease in ozone concentration from the 1960s to the 1990s was caused by an 

increase in the concentration of CFC in the atmosphere. 
(C) The ozone concentration was lower in 1989 than in 2009. 
(D) Changes in the atmospheric CFC concentration cause changes in the ozone 

concentration. 

Question 7 
The mean October ozone concentration in 2020 will be: 

(A) ~150 Dobson units. 
(B) ~200 Dobson units. 
(C) ~250 Dobson units. 
(D) difficult to predict from this data. 

Question 8 
Part of a water catchment is shown in the diagram. 

A sample of river water taken from point X is analysed. Which row of the table shows the 
most lik 1 ul ;i ety res ts. 

Results of water analysis at X 

Turbidity (NTU) 

(A) 

(B) 
(C) 

(D) 

Question 9 

400 

22 

5 

400 

BOD(ppm) 
18 

3 

18 

3 

pH Total dissolved solids (ppm) 

6.5 22000 

8.5 17 

6.5 22000 

8.5 17 
[BOSTES 2015 Q15] 

Which of the following gases can cause major depletion of the ozone layer? 

(B) CChF (C) co (D) NOx 



Question rn 
~0011.at is the rnain enviro111r1ent;,;l probler:n associatc:d \Vith ch1otofluoroc~u~bon 
cornpmtnd,) 

(A) Acid rni.11 
(C) GkJ:,al wCLrmbg 

Question 11 

(B) Ecciropl1ic.,tion 
(D) Ozone oepleti01 L 

[BOS 201 3 QJj 

Jet engines F-;roclnce srn.all an:1ot1n~s of nitric oxide, 1-.,,J(). Ernissions fron1 ai_tC!\:lft flying in 

the s,J::::rosphere are thought to cause the removal of 020,1e bv the follo\.cing re,,ctioc: 

NO(g) ,- CJ3(g) ____, NO2(g) + O::(~) 

If 0.84 g cf OJ(g) is mixed wid1 0. 15 g 1,TO(g) at: 0°C and 1(10 k?a what volurne of O 3(g; 
\vould ren,Jin? 

(A) 0.11 L (B) 0.28 L (C) 0.31 r (D) 0.40 L 

Question 12 
'Jvhich of tbe following is a n.1.easure of the clar:ty of water~ 

(A) Hardness Turbidity 
(C} Total dissolved soiids 

(B) 
(D) Eiochernic:11 oxygen dernand 

CBOS 2012 Ql] 

Question 13 
W11ich of the foEov1i11g is the rr1oct suitable repb.cement for CFCs in terms of reduci11g 
their environmentd impact? 

(C) GhClF 

Question i.4 

C~Jt) CJ-IC~hCCJ2F 
[BOSTES 2015 Q6] 

Sodium fluoride, NaF, or sodium iinorosilicate, Na2SiF6, are ofter~ added to to7m water 

suppjjes "l11e 1nost irnportant reason for doing this is to 

(A) rer_e1o·ve harrnful n1etal ions are their insoluble fluorides. 

(E) ki:.l hnrnful microorgaeisms. 
(C), help iurden tooth er•mneL 
(D) adjust the pI-I of the wa[er, 

Question 15 
'The n1easure.tnent taken by an atornic abso•rption sp,ectrorneter is: 

(A), voh1me. (B) concentration. ((C) 1nass. 

Que:,,ti_on 16 

(D) absorb2s1ce. 

Tl:-te purpose of the flame in thme ato;:11ic absorption spectroscopy is to: 

(A) clesolv,,te and ator:,ise che ,tnalyte ,ttoms in a sample. 

(B) purify the sa;riple. 
(C) ionise the analyte atorns. 
(D) excice che analyte atoms, 



Question 17 
Wnich of the foUowing is the principle of atomic absorption spectroscopy? 

(A) Radiation is absorbed by non-excited atoms in vapour state and are excited to higher 
states. 

(B) Medium absorbs radiation and transmitted radiation is measured. 
(C) Colour is measured. 
(D) Colour is simply observed. 

Question 18 
In atomic absorption spectroscopy, which of the following is the generally used radiation 
source? 

(A) Xenon mercury and lamp 
(B) Hydrogen discharge lamp 
(C) Hollow cathode lamp 
(D) Magnesium lamp 

Question 19 
Each of the lists below contains four cations. If a dilute solution of sodium hydroxide 
were added separately to a dilute solution of the chloride of each ion, in which one of the 
lists would precipitates be least likely to form? 

(A) Ba2+, Ca2+, Cu2+, Ni2+ 

(B) Al3\ Cr3+, Fe3+, Ni3+ 

(C) Ag+, Li\ K+, Na+ 
(D) Li', K. 1·, Na+, Rb+ 

Question 20 
Sodium hydroxide solution is added to a solution containing a certain cation. A green 
precipitate forms which turns red brown on standing. The precipitate is most likely to be 
the hydroxide of 

(A) Fe2+ which is then oxidised to Fe3+. 

(B) Fe3+ which is then reduced to Fe21·• 

(C) Cu+ which is then oxidised to C1P. 
(D) Cu2+ which is then reduced to Cu+. 

Question 21 
Which one of the anions below will produce a precipitate with each of the solutions I, II 
and III? 

I silver nitrate solution 
U barium nitrate solution 
HI copper nitrate solution 

(D) OH-
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Question 22 
Aqueous solutions containing nickel(II) salts are usually green. 

Which of the following techniques would be most suitable to determine low 
concentrations of nickel ions in solution? 

(A) Atomic absorption spectroscopy 
(B) Gravimetric analysis 
(C) Volumetric analysis 
(D) A flame test 

Question23 
The relationship between absorbance and the concentration of copper ions (Cu2+) in 
aqueous solution was determined using atomic absorption spectroscopy (AAS). The 
results are shown in the graph below. 

absorbance 

o.40 

0.30 

0.20 

0.10 

0.00 
/ 

0.0 

., 
/ 

./ 
/ 

/ 
.,v 

., , 
/ 

0.20 0.40 0.60 0.80 1.00 

concentration mg L-1 

The amount of Cu2+ in a soft drink sample was determined using the same technique. A 
10.0 mL sample was diluted to 250 mL with water and the absorbance observed in an 
AAS experiment was 0.25. 

The concentration of Cu2+ in mg L-1, in the undiluted soft drink was 
(A) 2.5 (B) 6.0 (C) 15 (D) 150 

Question24 
Samples of a solution of barium nitrate were independently tested with chloride ions, 
with sulfate ions and also for flame colour. Which row of the table below would 
represent the results? 

(A) 

(B) 

(C) 

(D) 

Chloride 

No precipitate 

No precipitate 

Precipitate 

Precipitate 

Sul/ate 

No precipitate 

Precipitate 

Precipitate 

No precipitate 

Flame test 

Red 

Green 

Green 

Red 
[BOS 2012 Q10] 
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Question 25 
All the lead ions present in a 50.0 mL solution were precipitated by reaction with excess 
chloride ions. The mass of the dried precipitate was 0.595 g. What was the concentration 
of lead in the original solution? 

(A) 8.87 g L-1 

(C) 11.9 g L-1 

Question 26 

(B) 10.2 g L-1 

(D) 16.0 g L-1 

What flame colour do copper ions produce when heated? 

(A) Brick red 
(C) Pale purple 

Question 27 

(B) Blue-green 
(D) Yellow-orange 

[BOS 2012 Q20] 

[BOSTES 2015 Q3] 

A dilute solution of barium nitrate is added to a dilute solution of an unknown salt and a 
white precipitate form. The anion present in the salt could not be: 

(A) sulfate. 
(C) carbonate. 

Question 28 

(B) chloride. 
(D) phosphate. 

Which is NOT a step in atomic absorption spectroscopy? 

(A) The adsorption of particles on a stationary phase 
(B) The construction of a calibration curve 
(C) Atoms absorb light 
(D) The vaporisation of a solution. 

Question 29 
Which row of the table correctly matches an ion with its flame colour during a flame 
test? 

(A) 

(B) 
(C) 

(D) 

Ion 
Barium 

Calcium 

Carbonate 

Copper 

Question 30 

Flame colour 
Orange-red 

Blue-green 

Orange-red 

Blue-green 
[NESA 2017 Q2] 

There are two unlabelled solutions. One is barium nitrate and the other lead nitrate. 
Which of the following could be added to the two unlabelled solutions to distinguish 
between them? 

(A) Sodium sulfate 
(C) Sodium chloride 

(B) Sodium nitrate 
(D) Sodium carbonate 

[NESA 2017 Q8] 



31 
E .. xcess bari.nrn nh-rate soh-,tic:>n .is ~ti::lded to 20U n:.I..! of 0.200 rnol I_,-1 ~oi±~Ll1T1. sulfrlte. \\!hat 

is ,he masE. of the solid formed,· 

4.65 g 8.69 g 

32 
The flow ch,u:t shows the steps used to a 

D.i .. :~n~vc- 01 

fre;h 
?11 -;,vatc.t 

Add 
to 

2016 :-=2101 

If the substance is sodium ·,vhat shovld l'rnve been observed in Tests 1, 2 and 3c 

(D) 

R-T'est 1 

Bright orange flai1'2_e 

f orarn;re thme 
u 

No bubbles 

Bubbles 

No bubbles 

\X!hite precitJitate fonned j 

No precinitate formed 

No ~reci~itate tc,m;-;i ___ ) 
~,_._"_'-'_'-_-'__":_·~·'::_·~-fi_1~_1m_e_===-·~1-_B_i.:_tl_:i1_:;_le_-s_• -------~i;_v7_1_1i_ce_c~p_1_·e_.c~it~·:iitate fonned / 

[BOSTES 2016 Q13] 



Question 33 
A section of the ernission spectrum of a rnercury lamp is shown. 

623A 6fi2 

65() 600 

Light at 623.4 nm and 615.2 nm fron1 the mercury lamp was passed d1rough a sample of 
0water containing mercury, and the intensities were then measured by a detectoL 
I (x· nm) = Intensity of light at a wavelength of x nm from the lamp 
L (x nm) = Intensity of light at a wavelength of x mn at the detector 

\'{lhich of the pairs of intensiLies on the following page can be used i.n tI1e determination 
of the amount of mercury in the -water sample using atomic absorption spectroscopy 
(AAS)? 

(A) I (615.2 nm) and L (615.2 nm) 
(C) l (615.2 nm) and I (623.4 nm) 

Question 34 

(B) I (615.2 nm) and L (623.4 nm) 
(D) L (615.2 nm) and Id (623.4 nm) 

[BOSTES 2016 Q20] 

The UV-visible spectrun1 of a solution of a certain compound is shown below. 

Consider the follO\ving statements about this compound and its UV-visible spectrum. 
I. The amount of light absorbed by a solution of this compound depends on its 

concenttationo 
H. The amount of light absorbed by a solution of thjs compound depends on the 

wavelength of light usedo 
HI. The spectrum is a result of electrons falling back from higher to lower 

electronic energy levels. 
IV. The concentration of a solution of this compound can only be determined by 

UV-visible spectroscopy at 250 nm. 

Which of the above statements are U11e? 

(A) I and II 
(C) I, II and III 

(B) II and III 
(D) I, II and IV 



(2_uestion 35 
Il1e 111.ain tn;ne.ctl pte~;ent in high concenttatlon in regions "Jihere ·,inderground c~l\'CS are 

EoLtnd is: 

(A) sodium c:11oride. 

(C) cabu.m carbonate. 

Questio11 36 

(B) rnen:nF d1btide. 
(D) sodicL1T1 c?.c1:,ot1'.lcE. 

\v11.ich of d1e following is co,1sidered J. heavy nJet,,P 

(A) Sodimr'. 
(C:) I-\Jtassiun1 

Question 3: 

(B) lv[ercn,;1 

(D) :Magnesium 

\:?hich of the following is an example of qua1t'l.tive aa2clysis? 

(A) 1vfeasming the fat content Lfl. a liqu~d 

(B} Determ~ning rb.e concenJJ~ation. of che;nicals in a dori:1estic cleaner 

(C) Detecting the presence of 9. chernirnl ii: a v;;;.ter supply 

(D) Fi11d.ing :he% of a salt in il household substat1ce 

Qui:stion 38 
\Which of the following reactions is most likely to be part of a gravimetric ar.ztlysis? 

(A) 2Na(s) + Cb(g] --> 2NaCl(s) 

(B) ECl(aq) + N:iOH(aq) ➔ N2.Cl(aq) + f-hO(,j 

(C) AgN03(aq) + LiBr(aq) -+ AgBr(.0 _L :SiNQ3(aq) 

(D) 2ECl(cq) -1- Na,C03(aq) ➔ 2NaCl(aq) + C02(g) + H20(t) 

QuecJtion39 
A student determines the percen:age of sodium chloride in a food sample by the 

follo,Ning proceciure. 'T'he food sa1.L.ple is dissolved fr1 -:vate!' and the chloride ion is 

precipitated by a<ldiag an excess of silver nitrate solution. The precipitate is 'Jh1shed and 

dried. If the food sample had a mass of 20.0 g ai1d the fin.,il precipitate a nuss of 0.?.i76 g. 

\;{!hat is the percentage of sodium chloride in the food? 

(A) 0.220% (B) 0.465% (C) 0.767% (D) 1.38% 

Question 40 
\>Jhich one of che following is net part of the gravimetric aEaly8is procedure to deter,nine 

the sodien1 chloride content of a food sarnple? 

(A) Dissolve sarnple in w2.ter. 

(C) Add silver r1itrate solutioiL 
(BJ Titrare the solation of the sample. 

(D) Fiher and ,veigh the r,recipit~ltc. 



Question 41 
Listed below are some properties of solids. 

L White and partly soluble 
H. Maintains its composition when heated 
III. High formula mass 
IV. l<,nown formula 
V. Low solubility and unreactive towards other substances 

'Xlhich properties are desirable for the precipitate obtained in a quantitative gravimetric 
procedure? 

(A) I, II, III, IV and V 
(C) II, IV and V 

8.2 Analysis of organic substances 

Question 42 

(B) II, III, IV and V 
(D) I, III and IV 

\'vhich of the following statements accurately describes the molecular vibrations 
characteristic of IR spectroscopy? 

(A) Stretching frequencies are lower than corresponding bending frequencies. 
(B) Triple bonds have lower stretching frequencies than corresponding double bonds, 

which in turn have lower frequencies than si:ngle bonds. 
(C) Bonds to hydrogen have higher stretching frequencies than those to heavier atoms. 
(D) Stretching frequencies appear mostly i.n the fingerprint region. 

Question 43 
Gas liquid chromatography is used to identify compounds present in a mixture. 
Compounds leave the column in order of increasing molecular weight, i.e. the compound 
with the smallest molecular weight reaches the detector first. A n1.ixture of alkanes was 
analysed using GLC. The diagram below shows the result obtained. 

Dt::t~:ra:;.r 
R,·111po""' 

The compounds I, H, IJI and IV could be 

(A) 

(B) 

(C) 

(D) 

Compound/ 

Hexane 

Pentane 

Methanol 

Butane 

Compmmdll 

Pentane 

Hexane 

Ethanol 

Ethane 

Compound JI/ Compound IV 

Butane Propane 

I-:Ieptane Octane 
Propan-1-ol Butan-1-ol 

Hexane Propane 



Qm~stlon 4-i-
Ihe polymer prslylacric ,,cid, PL-\. sl11:,v111 

are abscrbed b; the body foilo\'.'ing surgery. 
is used tc) n-:-.a.ke soluble stitches ,vhic.b 

·CJther tl1an tl-1e peak~ given by the T'lvlS reference~ che 1nonorner fron1. '-.Vhich PL,f1- is 

fot1Tied '.vould give: 

(A} one s1ct of peaks in the 1 I-I ]\Jl✓iK 

(B) two sets of peaks in the 1H NlvIR 

(C) three se:s of peaks in the 'H NMR. 

(D) four sets of peaks in the 11---I l'-JMR. 

Question 45 
Certain chemicd tes-.:s were perfom1ed on the pain-relief drng ibuprofen. The results of 

these test:; are given in the table below. 

sodiun1 carbonate 

E)rornine v.rater 

Acidified Jotassium and heat 

Fr::m1 the results, ibuprofen contains vvhich function9_1 gi:o,.,p? 

(A) (B) 

(C) 
(D) 

Question 46 

E 
I 

-C~-OE 

' H 

l?.esult / 

Effervescence -~J 
Remained orange ____ J 
Remained orange I 

In the comff1on 09_ming convention for carbm:ylic acids, ,1vl1ar is the correct Gred: letter 

used for the rnrbon adjacent to i:rie carboxyl gcoup!' 

(:3) an este1 (C) the alcol1o1 (D) mlcelle 

Question 47 
Which of the follmving staternents is wrong? 

(A) UV spectra provide information about v:tleLce eiectrons. 

(B) Ni'vIR spectromc.cers use radiofrequency electromagnetic radiation. 

(C) '.Yi absorption is attributable to electronic trJnsitions. 

(D) Et abwrp1ion ls attributable to transitions between rorntional energy Levels of \Vhole 

n:iolecule:s. 



Question 48 
Which of the following statements regarding IR spectroscopy is wrong? 

(A) Infrared radiation is higher in energy than UV radiation. 
(B) Molecular vibrations are due to periodic motions of atoms in molecules, and include 

bond stretching, torsional changes, and bond angle changes. 
(C) Infrared spectra give information about bonding features and functional groups in 

molecules. 
(D) Infrared spectra record the transmission of IR radiation. 

Question 49 
\Which of the followi_ng statements regarding NMR spectroscopy is wrong? 

(A) A hydrogen signal splits in n + 1 peaks by spin-spin coupling when the number of 
equivalent hydrogen atoms on adjacent atom(s) is n, and other neighbouring atoms 
are involved. 

(B) NMR signals towards the left on the spectral chart correspond to larger chemical 
shifrs. 

(C) Chemical shifts are larger when shielding effects are greater 
(D) Chemical shifts are larger when the frequencies of the radiation which includes the 

nuclear transitions are higher. 

Question 50 
\Which of the following statements regarding mass spectroscopy is ,vrong? 

(A) Only cations can be detected by a normal mass spectrometer. 
(B) Molecular ion peaks always have an even-numbered values of mass charge ratio 

(m/z). 
(C) In a normal mass spectrometer, electron impact causes a molecule to lose an 

electron and become a molecular radical cation which decomposes into fragment 
cations and radicals. 

(D) A compound whose molecules contain just one bromine atoms shows two 
molecular ion peaks of similar intensity, one at +1 and one at -1 of the average m/ z 
value. 

Question 51 
Which of the following statements is wrong? 

(A) Water is a good solvent for recording UV spectra of water-soluble compounds. 
(B) Water is a good solvent for recording IR spectra of water-soluble compounds. 
(C) The wavelength of a band in an IR spectmm is directly proportional to the 

frequency of the associated molecular vibration. 
(D) Hydrogen bonding in hydroxy compounds leads to the broadening of spectral bands 

which are attributed to vibrations of 0-H. 



Questio:n 52:. 
ic.:.frat::'.d spec~·!:c~;copy prc_;,v:ides vtd.uabl~- i11D)i..1Tt:::i..ticH1 about: 

(it) n_1e1ting pc1-int. 
(C) cr,okcuia weight. 

Question 5:l 

(B) l'c1r:ccion:1J :;:;rol'PS, 
(D,) co·njugation. 

_A,_ stron.g signal ;lt 700 cn1-1 in ~~:n JR .. spectru1T1 ir.1.clicatcs the p:::esence of a(n): 

(C) aJcohoL (Dy c;,,rbo~ryl. 

Question S4 
_j_~ srro:ng signal at 3L!-OO cn1-1 i.n JJ111{ .spectrun1 indicates the presence of a(n): 

(A.) ether. (C) alcoh::il. 

Questi'on iS 
1J//hat is i:he o:~tct molecu:.ar c:1ass (in amu) of the molecule CjI-bO? 

(A) 58.078 (B,) 60.00 (C) 60.09 (D) 34.00 

Question 56 
How many sig11als does 6e aldehyde (CH1)3CCH2CHO have in 1H and. nc NMi:'t 

spectra? 

(A) three I I--'I and four 13C ]\JMR 
(C) five 1H and four 13C N1\!IR 

Question 57 

(B) five 1H and six 13C J\fl'vIR 
(D) three 1H and six 13C Nt,!IR 

\3/lhich of the following s:aternems is >J;<:ong? 

(,&~) A n1asc spectrum does not show signals due w uncharged r::cclicals. 

(B} A cc,nventional mass spectromete: employs r1igh energy UV tadiJtion. 

(C'l A co:c.7enriond rrnss spectron-;eter does not ernploy a spectrophotometric detector. 

(D) C::m,vencional n-ass specb"mnetry does not ahvays requin: samples ofhigl: purity. 

if,lu1~etion 5g 
;XTi1ich of ·[he :follo\ving state1T1ents regarding r£1ass spectroscopy is false? 

{A) The molecular io11 of ,:arbonyl compou11ds -.,;Jith a --C:-H rearuly undergoes 

elitr1ll1ation of s.n a1kene to gl.1,re a relativity stable eno1 radical c~\cion. 

(B) -ti:e base peak of .1 simple I:etone is 1,.1sually atttibmable to an acyiium ion. 

(C) The molecular ion peak of some alcohols is very weak because it readily loses an 
alkyl radical to glve 2. i:ebtively stable c:,,snlum ion. 

(D) Structurally isomeric albmes cannot be disring:uished by l,T1v rcs:Jlution mass 

spectrc1scopy. 



8.3 Chemical synthesfa and design 

Questi.on 59 
Choose the LEAST appropriate answer. 
A chemical industry such as ammonia production should be located: 

(A) close to supplies of raw materials. 
(B) in an urban area. 
(C) close to transport facilities for removing the product. 
(D) where workers can easily access the site. 

Question 60 
Fossil fuel powered generation plants are ideally located: 

(A) close to the source of the fossil fuel as it is the most expensive commodity. 
(B) near a river system to access water. 
(C) in the proximity of towns to access workforce. 
(D) .All of the above are important for Lhe operation of a power plant. 

8,1 Analysis of inorganic substances 

Quesdon 1 
(a) Choose an industrial production area, such as fossil fuel power plant or an ammonia 

or fertiliser plant, and state 3-4 sources of possible pollutant and reasons for the 
need to monitor them. [4 marks] 

(b) Choose one of the pollutant from your answer in part (a) and analyse how and why 
it requires monitor. 

Question 2 

[2 marks] 
rr otal = 6 marks] 

Some insecticides contain dieldrin, C12HsCl60 (Mr= 381), as the active ingredient. \X!hen 
burnt in oxygen the only products of combustion of dieldrin are carbon dioxide, 
hydrogen chloride (HCl) and water. If the products of combustion are bubbled through a 
solution of silver nitrate (AgN03), then a white precipitate of silver chloride (AgCl) is 
formed. 

AgN03(aq) + HCl(g) --+ AgCl(s) + HN03(aq) 

In a typical experiment, 2.26 g of the insecticide was burnt in oxygen. The white solid 
was collected, washed and dried. The mass of silver chloride obtained was 3.28 g. 

(a) Write the equation for die combustion of dieldrin in oxygen. 

{b) How many mole of silver chloride was formed? 

(c} Calculate the number of mole of chlorine atoms in the sample. 

( d) Calculate the percentage purity of the insecticide. 

[2 marks] 

[1 mark] 

[1 mark] 

[3 marks] 

( e) If the precipitate was not thoroughly washed before it was dried, what effect would 
this have on the calculated percentage? Explain your answer. [2 marks] 

[Total = 9 marks] 



QIEestion 3 
i~ sc.ien.tis:. v;,1J_sher: to detern1ine tl1e c.:::>nce::ntratlon cf copper ions in a s,HnI?le of drinking 
\\tater atcP.1ic absorption spectt1..)scor:,y·. '111-e s.cie:n.cist Grs.t 1neasures llle 

ab,s·orlJ'ance nf solutions containing kno\vn concent.t:d:{c,n~; c1f o.)pJh:'.t ions bs,. spraying the 

solutions into rhe rhme. The results obtain,ed are given in the table bdo\v. 

0.080 

L86 )( 10-5 0,120 'I 

~-~------.. -;. 
4.06 )< 10-5 G.270 

6.04 >, 10-5 C.400 i 

'The scientist then rneasur,es the absorbance of the drinbng water and obtains ,l reading 

of0315, 

( a) Piot a graph of 'Absorba:1ce' againsc 'Ccncenuation of copper ions'. [2 marks] 

(b) Use your graph to determine the concentration of copper ions in the drinking water. 
[1 m~rk] 

(c) V✓1iat assessment can be made concerning the re!id)ility of the result obtairnc:d in 

part (b)? [2 rnarks] 

( d) 'What absorbance reading would be expected for a sample of w;,ter th2,t contains 

L35 r11g L-1 of Cu2+? 13 m2rks] 

(e), \;v11.at n1ass of copper sulfate, CuSO, .. SH2O, 0,vould be needed to make LOO L of a 

soluticn v;ith a copper ion concentration of 6,04 >< 10-0 rvI? [2 marks] 

(i:) Flow would you prepare the solution mentioned h'r part (d) if the only balance 

available reads to :tC.1 g? [1 mark] 

[Total = 11 marks] 

Question 4 
Stown belov, is ,. simplified di8.gran1 of an 2,tornic absorption spectrometer. Exphiil 
what happens at the poi,1ts labelled P, Q, Rand S, 

p Q R 

1-~~1 · flame 1--➔• 
41, ~~I-~ 

I V 
sample detector S 

[Total = 5 marks] 



Question S 
Atomic absorption spectroscopy h9.s bec:n nsed to determine the arn.ount of mercury in 
various seafoods. Calibration of the apparatus was carried out by spraying samples of 
standard solutions containing known amounts of mercury into a flame. The results are 
given in the table below. 

Absc,.rbance 

0.013 

0.026 

concentmtiot1 
L-1) 

1.00 

2.00 

Abso1:bance 

0.038 

0.051 

.lvfercwy 
conce11t1·aiion 

3.00 

4.00 

The mercury content of a sample of flathead was determined by taking 10.00 g of the 
fish and heating it with 10 mL of nitric acid in a closed container. The resulting liquid 
was filtered at.Del sprayed into the flame. The absorbance reading obtained was 0.031. 

(a) Plot a graph of absorbance against mercury concentration. [2 marks] 

(b) Calculate the concentration of mercury in the fish in ppm (g per 106 g fish). [3 marks] 

( c) Comment on the reliability of the result obtained regarding its applicability to the 
mercury content of fish in general. [2 marks] 

[Total= 7 marks] 

Qu.e§tion 6 
A solution contains the carbonate, chloride and sulfate anions. 

(a) What sequence of tests should be carried out to show that the solution contains all 
these ions? Give the mmes of the reagents used in any relevant equations. [3 marks] 

(b) Explain why the order in which these tests are carried out is important. [3 marks] 
[Total = 6 marks] 

Question 7 
If ground water contains small amounts of calcium and magnesium ions it is said to be 
'hard'. The concentrations of these ions can be deterrnined by titrating a sample of the 
water wi,b a reagent called EDTA in the presence of a suitable fr1dicator. The solution of 
the reagent usually contains the anion H2E.DTA"- and the titration is carried out at about 
pH 10. Metal cations, such as Mg2+ and Ca2+, react as follows. 

Mg2+(aq) + 20H-(aq) + H2EDTA2-(aq) -➔ Mg(EDTA)2- + 2H2O(~ 
Ca2+(aq) -+ 20H-(aq) + H2EDTA2-(aq) ~> Ca(EDTA)2- + 2H20(~ 

If the pH is raised to ·~13 then Mg(OH)2 is precipitated and only the second reaction 
with Ca2+ ions occurs. 

A student adjusts the pH of 100.00 mL of a ground water sample to 10 with dilute 
ammonia and then titrates the sample with a 0.0125 mol L-1 EDTA solution, The student 
repeats the procedure three times and obtains an average titre of 15.16 mL. 
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The pH of a second set of 100.00 mL samples of the ground water is adjusted to 13 and 
the titrations repeated. This time the average titre is 12.45 mL. 

(a) Calculate the concentrations ofMg2+ and Ca2+ ions in the ground water in mol L-1• 

[4 marks] 

The hardness of a water sample is often expressed as the equivalent mass of calcium 
carbonate (in mg) in 1.00 litre. 

(b) Calculate the hardness of the ground water sample in mg (CaC03) L-1• (2 marks] 
[Total= 6 marks] 

Question 8 
Many vitamin and mineral tablets used to supplement diets contain zinc. A chemist uses 
the following procedure to determine the amount of zinc in some tablets. A tablet is 
dissolved in dilute nitric acid and the volume of solution is made up to 250 mL. Three 
separate tablet solutions are prepared in this way. The chemist also prepares five standard 
solutions of zinc. Atomic absorption spectroscopy is used to measure the absorbances of 
the tablet samples solution and the standard solutions. The results are given in the table 
below. 

Standard zinc solutions (mg .l;"1) Absorbance 

0.00 0.000 

0.50 0.100 

1.50 0.280 

2.50 0.480 

3.50 0.670 

Three tablet samples 0.535, 0.525, 0.530 

(a) Plot a calibration curve for the standard zinc solutions. 

(b) Calculate the mean absorbance of the tablet samples. 

(c) Calculate the mean amount of zinc per tablet in mg. 

(3 marks] 

[1 mark] 

[2 marks] 
[Total = 6 marks] 
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Question 9 
The mercury concentration of a certain fish species was determined by atomic 
absorption spectroscopy. The sample data is shown below. 

Mass of fish (g) 18.6 

Final sample volume (mL) 25.0 

Absorbance (mean) 0.280 

0.600 

0.500 

0.400 

Absotbancc 

0.:,00 

0.200 

0.100 

Mercury Calibration Cw-ve 

' ' I I I I I I I I --- :-----:---- :----+----: ----r--- 1 --1----
1 l I I I I I I 
I 1 I I I I J I 
I l I I I I I I 

___ J ____ J ____ ~----~----L--- ----L---~----
1 I I I I 1 l 
I 1 I I I I I 
I J I I I I l 
I I I I I J l 

----1-----1----..1----.1.--- .1..----l--- --st-----1----
1 I I I I I I l 
I I I I I I I I 
I I I I I I I 
I I I I I I I ----•--- --1---- ➔ -- -+----+-----1--- _ _,__ ---1- -- -
I I I I I I I I 
I I I I I I I 
I I I I I 1 I 
I J I I I I I I 

----,-----,- --1----1----r----r-----;-- --7- ---
1 I I I I I I 
l I J I I I I 
I I I I I I I I 
I I I I I I 1 I ---- --,----,----T----r----r--, 1----i----

1 I I I I I I 
I l I I I I I 
I I I I I l J 

0.000,---¥,~.+~c.+1 ..,.,-,-,-';-,.,.,-+' -r--ri-1-rrrri'~-.-r+' rc,r-i-1---.-rrl 

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0,35 o.40 0.45 
Hg conccrHralinn (mg L-1) 

A consumer wants to avoid eating fish with a mercury concentration greater than 
0.5 mg/kg of fish. Calculate the concentration of mercury in the fish sample and state 
whether the consumer can eat this fish species. 

[BOS 2012 Q32; Total = 3 marks] 

Question 10 
A solution contains three cations, Ba2+, Cu2+ and Pb2+. The flow chart below indicates 
the plan used to confirm the identity of these cations. 

Precipitate 1 

Solution containing 
Ba2•, Cu2+ and Pb2+ 

Filtered 

Precipitate 2 

Addition of 
excess HCl 

Filtrate 1 

Filtered 

Addition of 
excess H2S04 
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(a) Name precipitate 2. [1 mark] 

[2 marks] (b) Write a balanced net ionic equation for the formation of precipitate 1. 

(c) Suggest a test and the expected result that would confirm the identity of the metal 
cation remaining in filtrate 2. [2 marks] 

[BOS 2013 Q22; total= 5 marks] 

Question 11 
A solution contains carbonate, chloride and sulfate ions. Describe a sequence of tests 
that could be used to confirm the presence of each of these ions. Include ONE relevant 
chemical equation. 

[13OS1ES 2014 Q24; 5 marks] 

Question 12 
Under conditions oflow oxygen levels, octane can undergo incomplete combustion 
according to the following chemical equation: 

2CsH1s(~ + 17Oz(i) -+ 6C(s) + 4CO(g) + 6CO2(g) + 18H2O(~ 

(a) Explain the need to monitor this process. [2 marks] 

(b) Calculate the mass of soot (C(s)) produced if 4.2 moles of octane are combusted in 
this way. [2 marks] 

[13OS1ES 2014 Q25; total= 4 marks] 

Question 13 
The procedure of a first-hand investigation conducted in a school laboratory to 
determine the percentage of sulfate in a lawn fertiliser is shown. 
• 2.00 g of a sample of fertiliser was ground up and placed in a beaker. 
• It was dissolved in about 200 mL of 0.1 mol L-1 hydrochloric acid, stirred and filtered. 
• Excess barium chloride solution was quickly added to this beaker and a precipitate 

formed. 
• 

• 

The precipitate was then allowed to settle, filtered using filter paper and the residue 
collected. 
The residue was dried and weighed and had a mass of 2.23 g . 

(a) Suggest modifications that could be made to the procedure to improve the results of 
this investigation. Justify your suggestions. [4 marks] 

(b) Calculate the percentage of sulfate in the original fertiliser sample. [3 marks] 
[13OS1ES 2015 Q29; Total= 7 marks] 
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Question 14 
Atomic absorption spectroscopy was used to determine the concentration of zinc in a 
water sample. The absorbance of a series of standard solutions of known concentration 
of zinc was measured. The results are shown in the table. 

Zinc concentration, ppm 0.00 1.00 2.00 3.00 4.00 5.00 

Absorbance 0.00 0.17 0.34 0.48 0.65 0.83 

(a) Plot the data on the grid and draw a line of best fit. [3 marks] 

(b) In order for water to be considered safe for drinking, the concentration of zinc must 
be less than 2.80 ppm 
The absorbance of the water sample was 0.58. Explain whether this water is safe for 
drinking. [2 marks] 

[NESA 2017 Q22] 

Question 15 
(i) Outline a test that can be carried out to observe the flame colour of ONE metal ion. 

Include a safety precaution in your answer. [2 marks] 

(ii) Account for the flame colour that should be observed in part (i). [3 marks] 
[NESA 2017 Q34a; Total = 5 marks] 

Question 16 
Explain why ions of this element (strontium2+) produce a characteristic flame colour 
when heated strongly. 

[BOS1ES 2016 Q34a(ii); 3 marks] 
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Question 17 
Rivertown sits at the junction of two rivers. 

A simple water purification system has been purchased for the town water supply. It 
consists ONLY of a sedimentation tank, pH control, sand filters and a chlorination 
facility. 

The system is to draw water either from Site X or Site Y. A water chemist has obtained 
the following data from each site. 

Factor X y 

Turbidity (NTU) 2 400 
pH 7.3 6.0 
Calcium (ppm) 120 5 
Phosphate (ppm) 1.00 0.0001 

With reference to the information provided, justify which of the sites, X or Y, would be 
the preferred water source for the town water supply. 

Question 18 
The diagram below shows part of the catchment area for a river. 

flfr 

frfr Town 
fr fl 

[NESA 2017 Q 29; 4 marks] 

(a) In what ways might the bauxite mine, the paper making factory and the farm pollute 
the river? [3 marks] 

(b) How might the water need to be purified before being used in the town? 

(c) What pollutants would the town add to the water? 

[3 marks] 

[1 marks] 
[Total= 7 marks] 
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Question 19 
(a) Two separate experiments are carried out on samples of water taken from the same 

river at the same time and place. In the first experiment formation of an insoluble 
precipitate is used to identify a cation present in the water. In the second experiment 
the concentration of the cation is determined. 
State whether each experiment is qualitative or quantitative analysis. 

Experiment 1 __________ _ 
Experiment 2 __________ _ 

(b) Explain why the concentration of a metal cation might vary. 

(2 marks] 

(2 marks] 

(c) Sodium carbonate solution is used to precipitate cations as their carbonates. State 
the likely identity of the cation if the precipitate is 
(i) green (ii) white. (1 + 1 = 2 marks] 

rtotal = 6 marks] 

Question 20 
A river supplying water to a local community is thought to be contaminated with copper 
compounds. 750 mL of the water was filtered and the filtrate was heated to remove all of 
the water. The final mass of the solid was 0.45 g. 

(a) Calculate the percentage of dissolved solids in the river water sample. 

(b) Why was the river water sample filtered before heating? 

(1 mark] 

(1 mark] 

(c) What chemical test could be used to show that copper compounds are present in the 
water? (1 mark] 

( d) What instrumentation test could identify the metal ion or ions present in the water? 
(1 mark] 

rrotal = 4 marks] 

Question 21 
The diagram below shows a town situated near agriculture and industry. The town relies 
on the river for its water supply. 

Agricultural 
Lwd 

Agricultural 
land 

(a) Identify ONE chemical species that could be a contaminant of the water supply. 
(1 mark] 

(b) Explain the need to monitor the levels of a contaminant in water supplies. 
(2 marks] 

[BOSTES 2014 Q23; Total= 3 marks] 
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Question 22 
Describe the process of monitoring waterways for eutrophication. 

[BOS 2012 Q25; Total= 3 marks) 

Question 23 
Iron(II) and iron(III) ions can be identified, and their concentrations measured using 
AAS. Copper(II) ions can similarly be analytically tested, but not copper(I) ions. Explain 
the reason Cu+ cannot be identified by AAS (or flame test). 

[2 marks) 

Question 24 
Outline the factors and/ or properties for gravimetric analysis to be successful as an 
analytical technique of substances. 

[2 marks] 

Question 25 
Limestone (CaCO3) contributes to the hardness of water by releasing Ca2+ ions in water. 
The chemical equation for this exothermic reaction is shown. 

CaCO3(s) + H2O(~ + CO2(g) ~ Ca2+(aq) + 2HC0:1(aq) 

(a) Explain why increasing the temperature of hard water would reduce its hardness. 
[2marks] 

(b) Describe how atomic absorption spectroscopy (AAS) could be used to measure the 
effectiveness of heating water to reduce its hardness. [4 marks] 

[BOSTES 2014 Q27; Total= 6 marks] 

Question 26 
The diagrams below show schematic representations of atomic emission spectra from a 
range of metals and an unknown mixture from a paint sample. 

Copper 

Strontium 

Cadmium 

Titanium 

200 600 700nm 

Paint sample '----I --'---iLLI 111 ---L..L.L._111 ----'---'--LI.LI 11111 _L__L____JII I 

(i) Identify TWO of the metal ions present in the paint sample and justify your answer. 
[3 marks] 

(ii) Describe how atomic emission spectra are produced and used in forensic analysis. 
[4 marks] 

[BOSTES 2016 Q35c; Total 7 marks] 
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Question 27 
A pesticide manufacturer is suspected of releasing waste water contaminated with heavy 
metal ions into a local river. Atomic emission spectroscopy is used to identify the 
possible pollutants. 

Cadmium 

I I I I I 111 I Ill I I 
Mercury 

I II 111 I 1111 I I I~ I I I I I 
Lead 

I II 11 1111 I 111 I I 
River sample 

1111111111111111 I 1111 I 1111 I 
Yiolet blue green yellow orange red 

400 500 600 700 
Wavelength (nm) 

(i) Use the emission spectra shown above, to identify a metal pollutant in the river. 
Justify your answer. [2 marks) 

(ii) Outline a procedure that could be used in a school laboratory to safely produce and 
analyse the emission spectrum of an element. [3 marks] 

[BOS 2013 Q36c; Total 5 marks] 

8.2 Analysis of organic substances 

Question 28 
Describe the chemical tests that could be used to distinguish between alkenes, alkanols 
and alkanoic acids. 

Question29 
Butan-2-ol can be oxidised by acidified potassium dichromate(VI) to form 
butanone as shown by the following equation. 

CH3CH2CH(OH)CH3 +[OJ~ CH3CH2COCH3 + H2O 

[3 marks) 

The infrared spectrum shown on the following page is either that of butan-2-ol or 
that of butanone. 
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Transmittance/ 
% 

50 

O+r-~~~~~~~~~~~~~~~~~~----' 

4000 3000 2000 1500 1000 500 
Wavenumber/cnr1 

(a) Identify the compound to which this infrared spectrum refers. Explain your answer. 
[3 marks] 

(b) Explain what is meant by the fingerprint region of an infrared spectrum and state 
how it is used to confirm the identity of organic molecules such as butan-2-ol or 
butanone. (4 marks] 

Question30 
The table on the next page, shows the structures of three isomers with the 
molecular formula CsH1oO. 

(a) Name isomer 3. 

[Total = 7 marks] 

[1 mark] 

(b) A chemical test can be used to distinguish between separate samples of Isomer 2 and 
Isomer 3. 
Identify a suitable reagent for the test and state what you would observe with Isomer 2 
and with Isomer 3. [3 marks] 

Isomerl 

HsC"-. / 
H 

pent-3-en-2-ol /c=, 
H CH(OH)CHs 

Isomer2 

CH3CH:zCH2CH2 

' pentanal C=O 
/ 

H 

Isomer3 

CH3CHaCH2 

' ? C=O 
/ 

H3C 
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(c) The following is the infrared spectrum of one of the isomers 1, 2 or 3. 

Transmittance{% 

50 

o-,..,..,~~~~~~-~-~-~-~~,--,--, 
4000 3000 2000 1500 1000 500 

Wavenumber/cm-1 

(i) Deduce which of the isomers (1, 2 or 3) would give this infrared spectrum. 
[1 mark] 

(ii) Identify two features of the infrared spectrum that support your response in 
part (i) and in each case identify the functional group responsible. [2 marks] 

[Total = 7 marks] 

Use the mass spectrometry graphs on this and the following page to answer 
Question 31. 

Question 31 
Mass spectrometry can be used to identify-drugs in a blood sample. 

Below, is a spectrum obtained from the analysis of a blood sample. 

Analysis of a blood sample 

31 100~-~----------------------
327 

80-+-->-----------------+-->-----
369 

o_..,.,.~h-.-'f-n+,.,.,..,.....+m-.-,-1,,-,-,-1,-rl-r,..,..,.., 

~ ••~oo••~••~~-~~~~-~~ 
With reference to the diagrams of the mass spectra of four substances (Diagrams 1 to 4 
on the following page), deduce which of the substances are present in the blood sample. 
Justify your answer. 

[NESA 2017 Q35c(iii); 2 marks] 
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Question 32 
An unknown substance was collected. It was analysed and its mass spectrum collected 
and is shown below. 

100 

90 
Mass spectrum of unknown substance 

80 

70 

60 
_Relat~e 50 
intensity 

40 

30 
20 

10 

0 
0 50 100 150 200 250 300 

Mass to charge ratio 

The table below shows the mass to charge ratio of a selection of fragments in the mass 
spectrum for three compounds of interest in forensic investigations. 

Compound name Significant fragments (mass to charge ratio) 

Caffeine 67 109 194 
Cocaine 82 94 182 
Paracetamol 43 109 151 

(i) Using the information in the table, identify the unknown substance and justify your 
choice. [2 marks] 

(ii) Describe how mass spectrometry can be useful for analysing forensic evidence. 
[3 marks] 

[BOSTES 2014 Q36c; Total= 5 marks] 

Question 33 
Alkanes, alkenes, alkanols and alkanoic acids are four different classes of organic 
compounds. 

(i) Describe a simple test that would confirm that a compound is organic. 

(ii) Describe a sequence of tests that could be used to distinguish between any 

(2 marks] 

THREE of the classes of organic compounds named above. [3 marks] 
[BOS 2013 Q36d; Total = 5 marks] 
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Answers - Module 5: Equilibrium 
and Acid Reactions 
Multiple-choice questions 

Question Answer 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

A 

B 

A 

A 

D 

B 

C 

B 

A 

Comments 

Dehydration of cobalt(1I) chloride 1s a reversible reaction and 
cornbustion of Mg is irreversible. 

A chemical equilibrium reaction is dynarnic and the fonvard and 

backward reactions are occurring continuously. 

For a reaction to be dynamic, the forward and backward reactions 

are occurring continuously. 

For a reaction to be spontaneous !).G must be negative; hence !).G 

is just < 0. Hence if !).G = ,6,.H - T!).S then reaction becomes 

spontaneous when T = !}.H. The units of enthalpy should be 
!}.S 

changed from kJ to J. T = Sl x l0
3 = 430 K , 1.e. the drug 

118.74 
decomposes spontaneously at 430 K and is therefore stable at 

room temperature. 

Note: Square brackets represent the concentration. As Q2. 

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. 

Increasing the concentration of one of the reactants leads to the 

formation of more products. (A) would have no effect on the 

position of equilibrium because the number of moles on each side 

of the equation is equal. (B) would result in less C02 being formed. 
(D) would increase the rate of reaction but not the% conversion. 

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). 

The lines for CO and H2 will change in the same direction, i.e. they 

will both increase, or both decrease as the system moves to 

equilibrium. [I-L] will change by twice the change for [CO]. 

[CH30H] 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 H2 and the lower line is CH30H. 
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10. A 

11. C 

12. B 

13. C 

14. B 

15. B 

16 D 

17. D 

18. D 

19. B 

20. D 

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 position 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 
[NI-h] . 

Since the L to R reaction is endothermic the yield of Z will be 
greatest at the higher temperature. H owever, increasing the 
pressure will move the position of equilibrium to the left since 
there are fewer moles on this side. 

The yield of N204 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 N204. 

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 mcrease m 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 energy. 



21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

A 

D 

A 

B 

B 

C 

C 

C 

B 

C 

A 

C 
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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 result, 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 

water, fr1e Cl- will decrease to overcome the change. 

With an increase in pressure, 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 colourless. 

The smaller the value of Ke9 is indicative that the reaction has 
reached completion. 

To check the direction of the reaction, compare the reaction 
quotient (Q) with the equilibrium constant. 

0 = [HFf 
~ [H2 ][F2 ] 

0.5002 

0.0120 X 0.0200 

=1042 
Since O >> K (313) , the reverse reaction dominates as Q 
decreases on the way to equilibrium. Hence, [FIF] 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. 

K = [F2 f [Cli} 
[ClF3 J2 

As this reaction is exothermic, 10\vering the temperature favours 
the forward reaction and 0.150 rnol C]F3 reacts to produce the 
products. 
Hence: (0.150 mol) ClF3--+ (0.225 mol) F2 + (0.075 mol) Ch 

Kr is the product of the two ions: MgClz ~ Mg2+ + 2Cl-

As Q24, Sn(OH)2 :;:: Sn2+ + 20f-r 

Kspof Ag2Cr04 is larger than TbCrQ4 hence more soluble; 2 moles 
of Ag+ in 1 mole Ag2CrQ4, hence the most soluble compared to 
the other two compounds. 

Ba2+ and Pb2+ are insoluble in sulfates and carbonates, BaCb is 
soluble but PbClz is insoluble (sparingly soluble) . 
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Free0 response questions 
5.1 Static and dynamic equilibrium 

Question 1 
(i) The following reaction can be used to model an equilibrium reaction. 

W (aq) + X(aq) ~ Y(aq) + Z(aq) 
Data showing how the concentrations ofW 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. 
\'vhen 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 i0..H 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. 

Question 2 

[3 marks] 
[Total= 5 marks] 

The balanced chemical equation for the complete combustion of octane (CsH1s) is as 
follows: 

25 
CsH18(~ + - 02(g) ~ 8C02(g) + 91-lzO (g) 

2 
We calculate L~.5° for the reaction using the (products - reactants) rule, where m and n are 
the stoichiometric coefficients of each product and each reactant: 

.6.Srxn = I.:mS(prod) - I.:nS(reacts)=[8S(C0 2) + 9S(H20 )] - [S(CsH1 s) + 25 S(Oz)] 
2 

= {[8 X 213.8] + [9 X 188.8]} - {[1 X 329.3)] + 25 X 205.2]} = 515.3 J / K 
2 

.6.5° 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 tl1e 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: CI-L(g) + 2O2(g) --+ C02(g) + 2H2O(t; 

There are 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. 

Question 5 
Photosynthesis reaction: 6H2O(tJ + 6CO2(g) --+ CGI-foOG(aq) + 6O2(g) 

.6.S = (products) - (reactants) = (212 + 6 x 205) - (6 x 214 + 6 x 70) 

[2 marks] 

= - 262 J K_-1 moI-1• Total entropy change for the reaction without sunlight is negative, 

hence entropy decreases. TI1.is reaction cannot proceed spontaneously and therefore, 

must be driven by an external energy source -- sunlight. 

5.2 Factors that affect equilibrium 

Question 6 
(a) 
(i) 

energy 

(ii) 

energy 

,/ =-\ - +50 kJ 
reactants / \ 

l. --rno~.x 
_ . . _ _ _ \ products 

progress of reaction 

progress of reaction 

[4 marks] 

[1 mark] 

[1 mark] 

(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 required for the reaction. [2 marks] 
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(c) 

Energy 

Pingress o! reacJion 
[1 mark] 

[Total = 5 marks] 

Question 7 
(a) The reaction has reached equilibrium. The rates of formation of products and 

reactants are equal and opposite. [1 mark] 

(b) (i) 

Conc1:ntrntkm 
(mol L-1) 

[2 marks] 
(ii) The equation for the reaction is: 2S02(g) + 02(g) ~ 2S03(g) 

When more 02 is added the position of equilibrium moves to the right, i.e. 
more S03 is formed to partially compensate for the change (Le Chatelier's 
principle) . Hence the concentrations of S02 and 02 are reduced (in a 2: 1 ratio). 

[2 111-arks] 
[Total= 5 marks] 

Question 8 
(a) 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 equilibrium position. From the graph, COCh 
concentration decreases, while CO and Cb 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: 

CC)z(g) + H20(~ ~ H2COo(aq) t:.H = -ve 

An increase in pressure w-ill result in more C02 dissolving 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 C02 and lower C02 solubility. 
[3 marks} 

Question 10 
Le Chatelier's principle states that when a system at equilibrium experiences a 
disturbance (such as concentration, temperature, or pressure changes), it ,wJl respond to 

restore a new equilibrium state. 
[1 mark] 

Question 11 
(a) Higher percentage of ethanoic acid would be converted to the ester. If you disturb 

the equilibrium by adding more ethar1ol, 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 marks} 

(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] 
[f otal = 4 marks] 

Question 12 
(a) The position of equilibrium would move to the right - more ammonia would be 

formed. According to Le Chatelier, 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} 

(c) N2 and H2 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 a low temperature rnight eventually produce high percentage 
conversion of N2 and H2 into NH3, the reaction is very slow for it to reach 
equilibrium. From a manufacturer's point of view, this is not economically suitable. 

[2 marks] 
[fotal = 6 marks] 
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Question 13 
(i) 

Time -} 

(ii) Concentration of gases in 1.0 L container, mol L-1• 

Initial 
Used/made 
Final 

_1_ 

0.7 
=----= 2.9 

_1_ 

0.3x 0.65 2 

MolesS02 Moles 0 2 
1.0 1.0 
0.70 0.35 
0.30 0.65 

Since 2. 9 #- 12.1, equilibrium has not been reached. 

Question 14 

[2 marks] 

MolesS03 
0 
0.70 
0.70 

[4 marks] 
[Total = 6 marks] 

(i) Initially, [H2] would drop as the volume of the container was suddenly increased. 

(ii) 

However, as there is a 3:1 ratio of gas particles in the equilibrium 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] 

MolesH2 Moles CO 
Initial 0.5 1.00 
Used/made 0.36 0.18 
Final 0.86 1.18 

equilibrium concentrations in the 2.00 L container 
[Hz]= 0.43 
[CO]= 0.59 
[CH30H] = 1.16 

K = [CH 30H] = 1.16 = 11 
[HS[CO] 0.432 X 0.59 

MolesCH30H 
2.50 
0.18 
2.32 

[3 marks] 

[Total= 5 marks] 
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Question 15 
In the Haber process, nitrogen and hydrogen, in a 1:3 ratio, axe heated to 300 to 500°C, 

compressed to 1 SO to 250 atmospheres and passed over an iron catalyst. The product is 

amrnon1a. 
~H = - 92 kJ mot1 

After passing over the catalyst ammonia is ren1oved from the gases and the unreacted 

nitrogen and hydrogen are passed over the catalyst again. 

The conditions used are a cornpromise between three factors: 

• rate of reaction 
" equilibrium yield 

economic concerns. 

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 ternperature 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 require 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 an1monia in the most economical way. 

The reactant gases must be pure and in a 1:3 ratio. Impurities such as CO2, CO, H 2O or 

H2S would poison the catalyst and reduce the yield of ammonia. 
[6 marks] 

Question 16 
(a) CO 2 is present in the mi.-...;:ture. 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 mixnue 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 carbonate in the 

drink, causing a release of CO2; i.e. the reverse of equation. [2 marks] 

exothermic 

(c) C02 (g) ~ C02 (aq) 
endothermic 

(2 marks] 

( d) As the gas escapes with time, the arnount of carbonic acid is reduced, hence the pH 

will ir1crease. [2 marks] 
[Total = 8 marks] 
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5.3 Calculating the equilibrium constant Ke4 

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] 

(b) K = [CI-l3CH2OI-IJ 
C [CH2 = CH2J[H2O] 

Question 18 

K = [SOJ 
C'q [SOiJ2[02] 

Question 19 

(a) K = [Hb(OJ4] 
eq [H b][O S 

(b) Hb(02)4(aq) + 4CO (g) ~ I-Ib(C0)4(aq)+ 402(g) 

(c) The equation is the reverse of (b); 

Question 20 

[2 marks] 

[Total = 3 marks] 

[2 marks] 

[1 mark] 

[2 marks] 

[2 marks] 
[Total= 5 marks] 

In the Haber process, ammonia is produced from nitrogen and hydrogen in the 
following exothermic reaction: 

N(g) + 3H 2(g) ~ 2NH3(g); t:.H = - 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. Tbis produces an acceptable yield. A catalyst of Fe3O4 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 H aber 
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 marks] 

(b) Adding a catalyst to the equilibrium mixture will have no visible effect on the 
reaction mixture. 'TI-1is is because a catalyst ,vill speed up the rate of both the forward 
and the reverse reactions. [2 marks] 

[Total= 4 marks] 

Question 22 

NH 4 HS(s) NH3 (g) +H2S(g) 

nNI-I3 = 0.0328 = nH2S 

[NI-I_] = rH S] = 0.0328 
:, - 2 3 

= 0.0109 

K = [NH3 ][H 2S] 

= 0.0109 X 0.0109 

= 1.20x 10-4 

Question 23 

(a) H2(g) + Cb(g) ~ 2HCl(g) + heat 

K = [H Cl] 2 

eq [HJ [Cl2] 

[4 marks] 

[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 H2 and Ch, thus using up 

HCl and heat, 11H. The value of Ke9 will get smaller; due to the, the [HCl] decreasing 
and both the [Hz] and [Clz] increasing. This makes the numerator smaller and the 
denorninator larger. [2 marks] 

Question 24 

(i) COCb(g) ~ CO(g) +Cb(g) 

[CO]=[Cb] = 0.028 M 

(ii) [CO] [Cb] /[COCb] 

(iii) Kc=(0.028) 2 / 1- 0.028=8.0x10-4 

[Total = 4 marks] 

[2 marks] 

[1 mark] 

[2 marks] 

[Total = 5 marks] 
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Question 25 
(i) As this is an exothermic reaction, temperature decrease would decrease the [HN03], 

as the reaction would favour the RHS to increase the temperature. 

(ill) With the increase of zinc ion concentration; [HN03] would increase 

(iii) Decrease of [NO] would decrease the [HN03]. 

(1 mark] 

[1 mark] 

[1 mark] 

(iv) Increase in pH increases the production of [HN0 3] to counteract the change and 
reduce the pH. (1 mark] 

Question 26 
(i) 2NO (g) ~ N2(g) + 02(g) 

(ii) Gas Initial Cone mol/ L 
NO 0.400 

N2 0 
02 0 

K= 0.198x0.198 = 2.45 x 103 
(4.00x103)2 

[Total = 4 marks] 

[1 mark] 

E quilibrium Cone mol/L 
0.4 - (2 X 0.198) = 4.00 X 10-3 

0.198 
0.198 

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 Ke9 can be changed by changing the temperature. If the temperature is 
constant, Ke9 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] 

(ii) Since [Ch] = 0.17 mol L-1 :. !N O] = 0.34 mol L-1 

K = [N0]2 [Clz] = 0.028 and :. [NOC1] 2 = (0.34)2 x 0.1 7 
[NOCl] 2 0.028 

[NOC1] 2 = 0.702 and [NOCl] = 0.838, i.e. 0.84 mol L-1 (3 marks] 
[Total = 5 marks] 
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Question 28 
(i) 

D ecrease in volume ( causes increase 
in pressure) 
0 System adjusts to decrease pressure by 

Le Chatelier's principle 
fl Equilibrium moves to reactant side as 

less moles of gas will reduce pressure 
@ No change to K when equilibrium re-

established 

(ii) 

NH4HS(s)z==:= NH/g ) + H 2S(g) 

nNH3 = 0.0328 = nH2S 

[NH3] = [HzS] = 0.0:28 

= 0.0109 

K = [NH3 ][H2S] 

= 0.0109 X 0.0109 

= l.20x 10-4 

D ecrease in temperature 

• Systems adjusts to increase temperature 
by Le Chatelier' s principle 

• Equilibrium moves to reactant side to 
produce more heat 

• K will be lower when the new 
equilibrium is established 

[3 marks] 

[4 marks] 
[Total = 7 marks] 
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5.4 Solution equilibria 

Question 29 

K2CrO4(aq) + Pb(NO3)2(aq) ~ 2 KNO3(aq) + PbCrO4(s) 
Pb2(aq) + C.rOl-(aq) -- PbCrO4(s) 
Kr: PbCrO4(s) -- Pb2+(aq) + CrO[(aq) 
Ksp = [Pb2+] [CrO/l 
c1 v1 = c2v2, ( to determine the initial concentration of each species once mixed and before 
any reaction takes place). 
(0.0020 M)(25.0 mL) = (c2)(100.0 mL) ; c2 for K2CtO4 = 0.00050 M 
Similar calculation for the lead(II) nitrate yields: 
cz for Pb(NO3)2 = 0.0000938 M 
Calculate the reaction quotient Q, and compare to the value of Ksr­
Q = (0.0000938 M)(0.00050 Iv[) = 4.69 X 10-3 

Q is greater than K,p, so a precipitate of lead(II) chromate will form. 

Question 30 
Ag2CrO4 -- 2Ag+ + CrOF 
If solubility of Ag2CrO4 is sb: 
:. sb(Ag2CrO4) = 6.5 x 10-5, 

Kr = [Ag+] 2[CrO/ l 
I<sr = (2sb )2 x sb = 4sb3 = 1.1 x 10-12 

[Ag+] = 2 X (6.5 X 10-5) = 1.3 x 10-4 M; [CrO/l = 6.5 x 10-5 M 

[2 marks] 

[3 marks] 

Question 31 
The equilibrium expression for the dissolution of barium sulfate: 
K,r = [Ba2+][SO,tJ for BaSO4(s) ~ Ba2+(aq) + SO/\aq) 

Let x represent the barium sulfate that dissolves in the sodium sulfate solution, expressed 
in rnoles L-1• 

BaS04(s) Ba2+(aq) SOF(aq) 
l11itial co11cenuation All solid 0 0.020 M (from Na2SO4) 
Change in concentration - x dissolves +x +x 
Equilibrium concentration Less solid X 0.020M + x 

Substitute into the equilibrium expression and solve for x . Assume that x is very small 
(the solubility is reduced in the presence of a common ion), the term '0.020 + x is the 
same as '0.020'. 
1.1 X 10-10 = [x][0.020 + xj = [x][0.020] 
x = 5.5 x 10-9 M; :. [Ba2+] = 5.5 x 10-9 M; and [SO4- ~ = 0.020 M 

[2 marks] 
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Question 32 
Each substance can be cfassified as an ionic solde or a nonionic solute. Ionic solutes are 
electrolytes, ancl nonionic solutes are nonelectrolytes. 
1. Potassium chloride is an ionic compound; therefore, when it dissolves,. its ions 

separate, n1aki11g lt an electroiyte. 
2. Glucose is a molecular compound, it is nonionic and :. a nonelectrolyte. 
3. 1~ro1Ja11-2-oi is an orga11ic 1nolect1le conta.ll1ing the alcohol fur1ctior1al gro11p. Tl1e 

bondlng in the compound is all covalent, so 'vvhen it dissolves, it separates into 
individual molecules but not ions; :. it is a nonelectrolyte. 

4. Magnesium hydroxide is an ionic compound, so when it dissohres it dissociates, 
:. it is an electrolyte. 

[3 marks] 

Question 33 

NaCl is an ionic solute. W11en dissolved in a polar solvent, the ions becorne surrounded 
by particles of the solvent, carrying the ions from its associated crystal. Glucose is a 
molecular cornpound. \X!hen dissolved in a polar solvent, the compound forms individual 
neutral moiecules 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: 

10 L = 4.0 M x --- = 0.040 M 
1010 L 

Initial concentration of Cd2+ in 1010 L of water: 

(1.6 X 10-5 M:) X lOO ::::: 1.6 X 10-5 M 
101 

Assume that all the Cd2+ precipitates. 

Concenuations [Ccf"JM [OHJM 

initial 1.6 >< 10-s 0.04 

change -1.6 X 10-5 -3.2 X 10-5 

final 0 0.04 -- 3.2 X 10-5 ::::: 0.04 

At equilib rium, find the concentration of Cd2+ that can exist in a 0.04 M OH- solution: 

Concentrations [Cat2+JM /OHJM 

initial 0 0.04 

change +x +2x 

at eqitilibrium X 0.04 + 2:x: ::::: 0.04 

Substitute these values into the solubility product expression: 
I<sr(Cd(OH)2) = [Cd2+] [OH-] 2 = 2.5 x 10-14 

[ Cd2+] = 2.5 X 10-14 

1.6x 10-5 

=L6x10-13 M 

Note that the efl:1uent 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 
neutraUse the water before it is released. 

[3 marks] 
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Question 

1. 

2. 

3. 

5. 

6. 

7. 

8. 

9. 

Answer Comments 

D Acids have a sour taste, dissociates producing ions which allow 

electricity to flow, is a good preservative (vinegar), and indicated 

blue litmus red. 

C Phosphoric acid is the common name for this compound. 

C The anion commonly used is nitrate NO3-, one less O atom 

makes it N 02 - - nitrite ion, hence its acid name has the suffix -

ous. This applies for other acids too. 

C Only methyl propanoate is not an indicator in the list, it is an 

ester. 

B 

B 

C 

B 

C 

Acid and carbonate always produces CO 2(g) . The cornbining 

ratio in the balanced equation is 1:1 ➔ 1 of CO2(g) . M(NaHCQ3) 

= 84.008 g moi-1, n((NaHCO3) = 2/84.008 = 0.023 mol. 

n(HCl) = 0.45 mol L-1 x 0.1 L = 0.045 mol. 

Only 0.023 mol of HCl will react; (NaHCQ3) is limiting. 

:. V(CO2) = 0.023 x 24. 79 = 0.57017 L = 570.1 7 mL 

As above Q5. Only 0.023 mol reacted; 

:. 0.45 - 0.023 = 0.022 mol of HCl was in excess. 

The oxides of I and II are basic and will react with acids. The 

oxides of V and VI are acidic and will react with bases. The 

oxide of N 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. Bt0nsted & Lowry suggested that 

acids are proton donors. 

The equation for the reaction is 

Ba(OH)2(aq) + 2HCl(aq) _,, BaCh(aq) + 2H2O (~ 

n(HCl) = 0.0500 x 0.350 = 0.0175 mol 

n(Ba(OH)2) = 0.050 x 0.025 = 0.00125 mol 

n(HCl) reacting = 2 x 0.00125 = 0.00250 mol 

n(HCl) remaining= 0.0175 - 0.0025 = 0.0150 mol 
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10. B 

11. D 

12. D 

13. B 

14. D 

15. C 

16. D 

17. B 

18. B 

19. C 

20. A 

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 OJ-rare produced) ✓ . 
II. Acid + base ✓, 
III. Acid + carbonate is a neutralisation reaction, but in 
addition to the salt, C02(g) is also produced ✓. 
IV. MgO in solution produces OH-, hence the neutralisation 
reaction ✓ 

To neutralise the excess stomach acid, a base is required. Sodium 
hydroxide is very caustic base and cannot be buffered; hence 
Mg(OH)2 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 NaHC03. 

Neuralisation is an exothermic reaction, hence heat is released; 
which indicates that the reactants have higher energy than the 
products. 

The acidic oxides are C02, S02 and S03, and the basic oxides are 
Na20, MgO and K20. H20 and CO are neutral oxides, while 
Alz03 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 colourless of the other two indicators. 

P, Tare 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 I-r" 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 colourless, the pH is less than 8.3. 

C02 and N204 react with water to form acidic solutions, whereas 
solutions formed when CaO and Na20 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. A 

23. C 

24. C 

25. B 

26. D 

27. C 

28. D 

29. C 

30. A 

31. B 

32. C 

33 D 
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Weak acid ( acetic acid) and a strong base (barium hydroxide) 

would produce a basic salt. 

W11en the pH of a solution changes by 1 unit, [H+] has ch:mged 

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. KCl and NaNO3 are both salts of strong 

acids and strong bases. Their solutions will have pH = 7. N H4Cl 

is a salt of a strong acid and a weak base. 

Acid II has the smallest concentration 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 II. 

In aqueous solution, Ba(OH)2 will be completely dissociated and 

[OI-I-J will be 5 x 10-3 >< 2 = 1 x 10-2 M. 

-log10[OH-] = 2 :. pH = 14 - 2 = 12 

Sodium acetate is the salt of a weak acid and a strong base and 

will have a pH > 7. KCl and NaNO3 are both salts of strong 

acids and strong bass. Their solutions will have pH = 7. NH4Cl 

is a salt of a strong acid and a weak base. 

[Ba(OH)2] = 5.0 X 10-5_ [OH-] = (5.0 x 10-5) x 2 = 1 x 10-4 M -

log10[OH-] = 4 :. pH= 14 - 4 = 10 

[H+] = 10-3; :. [OH-] = 10-14/10-3 = 1 x 10-11 as [H+][O H-] = 
10-14 

Sulfuric acid reacts with Mg to produce the salt MgSO4. 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 [I-I+] in the citric 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 [I--i+] 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 II and IV are completely ionised, hence are strong acids. 
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As above; weak acids will only partially ionise, hence I and III 
are weak acids. The diluted acids will have less molecules and 
ions in the solution, hence III and IV are diluted. 

pH = - log10([H']) = - log10(0.018) = - (- 1.74)= 1.74 

When reacted with excess acid 1 mole of each of these 
compounds will produce 1 mole of CO2. The largest mole of 
compound and hence mole of CO2 will result from the 
compound with the smallest molar mass since n( compound) = 
1.0-=- molar mass. 

Increasing pH corresponds to decreasing [H1. 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 [H+] 
falls , less HA has ionised. 

The solution with the highest pH will have the lowest [I-r+]. More 
dilute solutions have lower [H+). HCl is a strong acid and will be 
completely ionised in solution, whereas acetic acid is only 
partially ionised. 

The combining ratio of Ba(O}I)2: HCl is 1:2. 
n(Ba(OH)z) = 0.02 x .02 = 0.00004 mol; 
n(HCl) = 0.04 x 0.05 = 0.002 mol. :. Ba(OH)z is limiting. 
HCl reacted = 0.0004 x 2 = 0.0008 mol. 
Excess HCl = 0.002 - 0.0008 = 0.0012 mol. 
:. [H+] = 0.0012/ (0.05 + 0.02) = 0.01714 M. 
pH = - log10(0.01714) = 1.77; ::::: 1.8 

HSO4- is a proton donor (SO/-) and acceptor H2SO4, hence is 
amphiprotic. 

The solution must be diluted by a factor of 100 ([I---r+] changes 
from 10-3 to 10-5 mol L-1) . 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 (HCl) with a weak base 
(NH3) will produce an acidic salt, (NH4Cl) . 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. 

pH of 4 = 10-4 :. (0.1 L x 0.01 M)/10-4 = 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. 

n(NaOH] = 0.004, n[HCl] = 0.006, :. 0.002 mol of HCl is 

unreacted. To find the [I-I+} = 0.002 mol/0.1 L = 0.02M. 

pH= -logio(0.02) = 1.7 

The m ore positive the value of pKa, the sma11er 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 wiLh its 

conjugate base in approximately equal concentrations. Hl'JO3 is 

a strong acid. 

Step 3 will dilute the base transferred from the pipette, i.e. there 

is less base to react. Tbis 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 are in the same ratio as 

in the reievant 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 

nave been used. (D) is die correct analysis procedure and should 

produce consistent results. 

·-The dilution procedures 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 con1pletely dry. 

(A) is the most reliable and precise method. 

n(N2Os) = 2.16 -,c. 108.02 = 0.0200 mol 

n(HNO3) = 2 x 0.0200 = 0.0400 mol 
n(NaOH) = 0.0400 mol (1:1 reaction); 
volume NaOH = 0.0400 -,c. 0.25 = 0.160 L. 

In conjugate add-base pairs, the acid has one more H+ than the 

base. H3o+ and OH- differ by 2H+, as do H3O+ and 0 2- . 
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A buffer is formed when a weak acid is mixed with its conjugate 
base. The pair I--IzPQ4-/ H PO/- 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. 

Na2CO3 + 2CH3COOH ----* 2NaCH3COO + H2O + CO2 
n(CH3COOH) = 0.1 x 0.5 = 0.05 mol 
n(Na2CO3) = ½n(CH3COOH) = 0.05/2 mol 
Mass (Na2CO3) = 0.05/2 x 106 = 2.649 g = 2.65 g. 

HCl and CH3COOH 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 
byH+. 

(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, i.e. 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 an d bases 

Question 1 
Acids: 

• In water, H+ dissociates and can conduct electricity due to the presence of ions 
(electrolytes). 

• H ave a sour taste. 
e Are corrosive. 
e Have a pH less than 7, hence change blue litmus red. 
• Reacts with reactive metals to produce H2(g) and decompose carbonates to produce 

CO2(g) . 
• N eutralise a base by producing a salt and water. 
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Bases: 
@ Are bitter and have a soapy feel. 

• Neutralise acids to produce salt and water. 

® Are caustic. 

@ If soluble i11- water, produce alkali solutions, which conduct electricity. 

• Have a pH greater than 7 and change red litmus blue. 

Question 2 

Con1oou11d nam e Foronda Con1poun d n::ime 

Potassium hydroxide KOH Ammonia 

Nitrous acid HN02 Carbonic acid 
Sulfurous acid I-IzS03 Phosphoric acid 

Sulfuric acid I-IzS04 Barium hydroxide 

Hvdrochloric acid HCl Sodium hydrogen carbonate 

Question 3 
HCl(aq) + NaHC03(aq) -. N aCl(aq) + H20(~ + C0 2(g) 

Net: H+(aq) + HC03-(aq) - H20(~ + C02(g) 

Question 4 
CaC03(aq) + S02(g) -,- C02(g) + CaS04(aq) 
Products are: carbon dioxide and calcium sulfate. 

Question 5 
2HCl(aq) + Al(OH)3(s) -+AlCh(aq) + 3H20(~ 
2HCl(aq) + Mg(OH)2(s) -MgCb(aq) + 2H20 (l) 

Question 6 

[4 marks] 

Formula 
NH3 
H2C03 
H3P04 
Ba(OH)2 
NaHC03 

[10 marks] 

[2 marks] 

[3 marks] 

[2 marks] 

The elements of groups I and II are metals. The oxides of these metals are basic ( e.g. 

Na20, BaO). In descending these groups, the oxides become more basic On the right­

hand side of the periodic table the oxides of non-metals in groups 1v to VII, are acidic 

(e.g. C02, N02, S03, Ch01) . 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. Ah03, 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. There are two oxides, Xe03 and Xe04. Xe03 reacts with water to give an acidic 

solution. 
[4 marks] 

Question 7 
CaO(aq) + H2S04(aq) -+ CaS04(aq) + I-hO(~ 

2H+ + o r-+ H20(,:) 
[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 

(b) 

in a dry calorimeter. 
e 50 mL of a base, with a known concentration, is added to the acid. 
e When the temperature has stablised, b,, T(Tf - T;) is recorded and calculated. 
@ The mass of the acid and base ~ 100 g . 
o Calculate the enthalpy of neutralisation using the equation 
l:.H = mass, g x 4.18 J/g/ K x /:J.T 
If a strong acid and a strong base are used, the 111-I should be close to - 57 kJ moi-1• 

[2 marks] 

[1 mark] 
[Total = 3 marks] 

Question 9 
The solutions listed range from very low pH (brick cleaner, a strong acid) to very high 
pH (oven cleaner, a strong base) . The other materiais 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 marks] 

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 . 

His theory could also explain the difference between strong and weal< acids but was 
unable to expl:Jin other observations. For exan1.ple, 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 Arrhenius definition. An example is ammonia (NH3) Its 
aqueous solution turns litmus blue, it reacts with acids, and displays all the other 
properties of a base. 

The Bmnsted-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, CH3COO-, tbat can combine with a proton to 
form acetic acid. The Brnnsted-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 
(a) 

Volume of 
H2 (,nU 

[3 marks] 

(b) The largest volume of gas produced would be 316 mL. The smallest mass of Mg to 

produce this volume would be 0.31 g [1 mark] 

(c) Mg(s) + 2HCl(aq)-+ MgCb(aq) + H2(g) 

n(HCl) = 0.100 x 0.255 = 0.0255 mol 
n(H2) = 0.0255 + 2 = 0.01275 mol 

Volurne H2 = 0.01275 x 24.79 = 0.316 Lor 316 mL 

If the mass of Mg is less than 0.31 g (0.0127 5 mol) then the acid is in excess and the 

volurn.e of H2 produced will be less than 31 6 mL. When the mass of Mg is grearer 

than 0.31 g, the acid is the limiting reagent and the volume of H2 will be 316 mL. 
· [2 marks] 

(d) n(Mg) = 0.135 + 24.3 = 0.005556 mol 

Volume I-L expected = 0.005556 x 24. 79 = 0.137 L or 137 mL. 

Question 12 
(a) CH,COOH(aq) + NaOH(aq)-+ CH3COONa(aq) + H2O(~ 

Reactants: ethanoic acid and sodium hydroxide 

[2 marks] 
[I otal = 8 marks] 

[3 marks] 

(b) The reactants are: Cf-LCOONa(aq) + H2O(~ -if we look at the net equation: 

CH3COO- + Na+(aq) and H+ + Ofr 

The Na+ is hydrolysed in the water and combines with O H- to produces a basic 

solution, of NaOH. [3 marks] 

(c) Acetic acid is a weak acid with K, = 1.86 x 10-5 and in this case, 

Cweak acid > > > K.; that is, the equation to use is 

[H +'J = 1K · c k .d = .j(1.86xl0-5 \J )< 0.7 = 0.0013638 M '\J r1 wca ' act 

pH = -log[H+] = -log(0.0013638) = 2.865 [1 mark] 
[Total = 7 marks] 
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Question 13 
(a) Sulfuric acid, H2S04, nitric acid, HN03, and hydrochloric acid, HCl, are 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, NaHC03, or disodium hydrogen phosphate, Na2HPQ4, 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. 

NaHC03(s) + HCl(aq) -+ NaCl(aq) + H20(~ + C02(g) 
NaHC03(s) + NaOH(aq) -+ Na2C03(aq) + H20(~ 
Na2HP04(s) + HCl(aq)-+ NaCl(aq) + NaH2P04(aq) 
Na2HP04(s) + NaOH (aq) -+ Na3PQ4(aq) + H2orn 

An excess of either solid could be swept away once the neutralisation is complete. 
(4 marks] 

rrotal = 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 p roduce hydrogen. 

zinc + acid -+ zinc salt + hydrogen 
Arrhenius noticed that electrolysis of acids gave hydrogen at the cathode (negative 
electrode) . H e suggested that 'when dissolved in water, all acids ionise to form hydrogen 
ions'. 

Also, according to Arrhenius strong acids were completely ionised in water whereas weak 
acids were only partially ionised. Arrhenius suggested that when a base dissolved in 
water, hydroxide ions were formed. Acid-base reactions involved hydrogen ions reacting 
with hydroxide ions to form neutral water. 
Arrhenius could not explain why carbonates and some metal oxides are basic. Often, 
they do not dissolve in water but they do neutralise acids. 

CuO(s) + H2S04(aq) -+ CuS04(aq) + H20(~ 

The Brnnsted-Lowry theory defines acids as proton (H+) donors and bases as proton 
acceptors. Acids give up a proton and become a conjugate base. 

H 2S04(aq) + H20(~-+ HSQ4-(aq) + H30+(aq) 
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] 
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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 Hind is the weak acid and proton donor. The green 
Ina is the conjugate base and prnton acceptor. In water the following reaction occurs: 

Hind(aq) + H2O(~ c;:::' I-iJO+(aq) + Ind\aq) 
red green 

Addition of acid (H3O+(aq)) will shift the equilibrium to the left and the solution will turn 
red. Addition of base (OH-) will remove H3O+ ions, fonning water. The equilibrium ,vill 
shift to the right, and the solution will tum green as the concentration of Ind- ions 
mcreases . [4 marks] 

Question 16 
(a) Red cabbage is a material that contains a natural indicator. The coloured parts are 

cut into very small pieces and placed in a beaker with some water. The ,vater 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] 

Question 17 
(a) HCl is a strong acid and is completely ionised in solution. 

pH(HCl) = - logio(0.35) = 0.46 

(b) (i) The equation for the reaction is 

Ba(OH)2(aq) + 2HCl(aq) - BaCh(aq) + 2H2O(~ 

(ii) n(HCl) = 0.0500 x 0.350 = 0.0175 n1.ol 

n(Ba(OH) 2) = 0.050 x 0.025 = 0.00125 mol 

n(HCl) reacting = 2 x 0.00125 = 0.00250 mol 
n(HCl) remaining = 0.0175 - 0.0025 = 0.0150 mol 
c(HCl) = 0.0150 + (0.050 + 0.050) = 0.15 mol L-i 
pH= 0.82 

Question 18 

rrotal = 4 marks] 

[1 mark] 

[1 mark] 

[3 marks] 
[Total = 5 marks] 

(a) Arrhenius suggested that acids ionise in water to produce H+(aq) ions and bases 
produce OH-(aq) ions. The reaction in the glass tube is between the gases NH3 and 
HCl and does not occur in aqueous solution. [1 mark] 

(b) The reaction ofNI--h with HCl involves the transfer of a proton from HCl to NH3, 
which is the Bronsted--Lowry definition of an acid-base reaction. 

NHdiJ + HCl(g) _,. NI-L + + CI- [2 marks] 
[Total = 3 marks] 
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Question 19 
3 

Al + 3HC1 ➔ AlC13 + - H 2 
2 

0.150 - 3 1 Moles gas= - - = 6.0:, x 1 o- mo H ? gas 
~ 24.79 -

H 2 :Al = ~ : 1 : . ~ x 6.05 x 10--3 mol Al 
2 3 

Mass Al = nx M = ~x 6.05x10--3 x 26.98 = 0.109 g (3 sig. figs) 
3 

6.2 Using Br0nsted-Lowry theory 

Question 20 
pH = -log(7.1 x 10-5) = 4.1 5 and pOH = 14.00 - 4.15 = 9.85 

[2 marks] 

Question 21 
(a) 2H+(aq) + CO/-(aq) ---+ H2O (~ + CO2(g) 

(b) 6J--i+(aq) + 30 2-(aq) --+ 31--lzO(~ 

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. 
HPol-(aq) + H2O (~ :;:= POl--Caq) + H30+(aq) 

When acting as a base, HPO/- accepts H+ as follows: 

Question 23 
Pair 1: HSo4--;so/-; Pair 2: HPO/-/PO43-

Question 24 
(a) As a B-L base: HSO4-(aq)+ H2O(~ --+ J--bSO4(aq) + o H-(aq) 

(b) As a B- L acid: HSO4-(aq)+ H2O(~---+ So / - + J-hO+(aq) 

Question 25 
pOH = -log(0.0026) = -2.59; pOH = -(-2.59) = 2.59 
pH = 14- 2.59 = 11.41 

Question 26 
(a) [H"] = 10--s .1 4 = 7.2 x 10-9 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 observe for 

sign of neutralisation, such as heat. Measure pH , then add another base and again 

measure the pH ; p H should increase. 
[2 marks] 

Question 28 
(a) [H+] = 10-24 = 4.0 X 10-3 mol L- 1 [l mark] 

(b) Hydrogen sulfide is the weakest acid as it h as the highest pH and therefore lowest 

concentration of hydrogen ions; this indicated less ionisation of the I-IzS molecule. 

Question 29 

[3 marks] 
[f otal = 4 marks] 

(a) According to B- L, I-LS donates a proton: H2S ->H + + HS- [2 marks] 

(b) I-hS + f-hO - >I-:bO + + HS-; Acid/base pair: H2S/ Hs- and H3O+ / H2O [3 marks] 

Question 30 
(a) [H+] = 10-15 = 3.2 x 10-2 M 

(b) new [He] = [H+]3.2 X 10-2 = 10/1000 = 3.2 X 10-4 , pH = 3.5 

Question 31 

[f otal = 5 marks] 

[1 mark] 

[1 mark] 
[f otal = 2 marks] 

(a) Sodium carbonate is the stronger base because a higher pH indicates a greater 

concentration of hydroxide ions. [2 marks] 

(b) pH = 9 this [H+] = 10-9, [OH-] = 10-14/10-9 = 10-5 M 

(c) CO F 

Question 32 
c = nv; 0.520 x 30 = 0.100 x v = 156 mL 

Question 33 
(a) [H+] = 10-13 :. [OH-] = 10-14/10-13 = 10-1 M 

(b) I-r+(aq) + OH-(aq) -+I-LO(~ 

(c) moles of H+ = moles of OH- = 0.10 mol/L x 0.200L = 0.020 mol; 

V= 0.02/0.40 = 50 mL 

Question 34 
Amphiprotic nature, i.e. acts as an acid and a base: 

As a B-L acid: H CO 3-(aq)+ H2O(~ _, H2CO 3(aq) + OH-(aq) 

As a B-L acid: H2CO4-(aq)+ H2O(~ _,CO/-+ H3O+(aq) 

[1 mark] 

[1 mark] 
[f otal = 4 marks] 

[1 mark] 

[1 mark] 

[1 mark] 

[1 mark] 
[f otal = 3 marks] 

[2 marks] 
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Question 35 
(a) n(HCl) = 0.050 x 0.010 = 5 x 10-4 mol 

final volume of solution = 4.95 + 0.05 = 5.00 L 
5 X 10-4 

c(H +) in diluted solution = 5_00 = 0.0001 and pH = 4.0 [1 mark] 

(b) Methanoic acid and fumaric acid will lower the pH of foods with the following results: 

At a lower 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 improved. [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] 
LI'otal = 5 marks] 

Question 36 
Solutions of sodium hydrogen sulfate, NaHS04, and sodium dihydrogen phosphate, 
Nal-IzP04, are acidic because the ions HS04- and H2P04- are partially ionised in solution. 

From the pH values HSo4- is a stronger acid than H2P04- 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. 

[3 marks] 

Question 37 

(a) Clz(aq) + H20(~ s==: HOCl(aq) + HCl(aq) 

OCI-(aq) + H20(~ s==: HOCl(aq) + OH-(aq) [2 marks] 

(b) From the equations in part (a) addition of Clz will lower the pH of the pool since 
HOCl and H Cl are acids. While addition of NaOCl to a swimming pool will raise 
the pH of the water since OH- is produced. [2 marks] 

Question 38 
n(H Cl) = (0.120 x 0.07500) = 9.00 x 10-3 rnol 
n(NaOH) = (0.200 x 0.025) = 5.00 x 10-3 mol 
NaOH(aq) + HCl(aq) - NaCl(aq) + H20 (~ 
mol ratio NaOH:HCl = 1:1 
HCl is in excess by (9.00 x 10-3 - 5.00 x 10-3) = 4.00 x 10-3mol 
Final volume of solution = 75.00 + 25.00 = 100.0 mL 
[H30+] = (4.00 x 10-3 mol)..,.. 0.100 L = 0.0400 mol L-1 

pH = -log1o[H301 = - log1 0 0.0400 = 1.3979 
= 1.40 ( correct to 3 significant figures .) 

[Total = 4 marks] 

[3 marks] 
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Question 39 
This experiment is a suitable model for the formation of acid rain. There ;c1re a rrnmber of 
features in cornmon with the industrial process. \:'{/hen sulfor present in fossiJ fods is burnt 
suifnr dioxide is fon ned: 

SU) + C)z(g)-+ SO2(g) 

The sulfur dioxide then reacts with water (the rain) to produce an acidic solution (the acid 
rain): 

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 
"' it is much smaller in scale. 
"' it does not simulate tb.e real effects of acid :rain, e.g. environmental damage. 
"' it does allow for the release of sulfur dioxide frorn natural sources. 

Question 40 
J'vfodel the behaviour of acids and bases. 

B ases 
Stmnv and coHcmtrm'ed f{,Lj SJrrm..,~ and di!i4t CIA 

H+ H+ _A_ I-I+ .A H-1 H+ H-:- A H+ /1,,,._ H+ H+ Na+ Na+ OH Na' OH 

Na+ +CfrI OH N,1 · OH 

- -
H+ A H+ H+ A F-F 

- -A fl+ I-I+ f-I+ i\. FI+ A 

A H+ A A A 
H+ 

t!'✓'~~ak tmd rlihtie, I---i. -4 

HA A HA H+ A 

IJ.+ 

FI+ A 

OH Nay Na+ Na+ OH 

Na+ Na' 

S tr,1N1J ,wd dJ,l;,,,r: NcQ.Ji 

OH 

Na+· 

OH- Na2C03 
Na2C03 

Ne.+ 

[5 marks] 

HA F-I+ H+ A l\ 

HA HA 

HA 

i\ 

Na+ co,-0I+Na2CO, Na+ 

NaCO, C03- Na+ Na2C03 

Na2C03 Na+ C03 - C03 -
Na2CO, Na' COJ - Na+ 

C03- NazC03 Na2CO, 
OH-

C0.1- Na NaCO, 
I-I+ H 1\._ 

[10 marks] 

6.3 Quantitative analysis 

Question 41 
(a) 2NaHC03 (aq) + I-hSCls1 (aq) -+ Na2SO,1 (aq) + 2I-I:::O (/) + 2CO2 (g) [1 mark] 

(b) The burette may have been washed 1-vith water a11d not v1ith the 
sulfuric acid. 'I11.is would have diluted the acid leacJjng to a larger titre. Subsequent 
titrations would not be affected since nov1 the diluted acid had been rernovecL 
Too much alkali may have been delivered from. the pipette, hence tnore acid 
would be required. [1 mark] 

(c) Average titre - (21.45 + 21.54 + 21.Sl) + 3 = 21.50 m.L 

n(I-bSOci) used= 0.02150 x 0.254 = 0.005461 rnol 

From the equation n(NaHCOi) = 2 :< n(H2SO4) = 0.01092 mol 
c(NaHCO3) = 0.01092 -:- 0.0200 = 0.546 mol L-1 [3 rnarks] 

[Total = 5 rnzrks] 
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Question 42 
(a) The following steps should be used to prepare a standard solution of potassium 

hydrogen phthalate, K.I-ICsH4Q4. 

0 

Dry a sample of KHC8H4Q4 at 120 to 130°C in an oven for 60 minutes. 
An appropriate mass of the solid is weighed into a dean dry beaker. 
A small amount of distilled water is added to dissolve all of the I<I--:ICsl-I4Q4. 
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] 

(b) To be a primary standard a substance should: 

be a readily 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 0,e. it should not react with any of the components of air). 
have a high molecular weight to minitnise weighing errors. [2 marks] 

(c) n(KI-ICsH104) requu:ed = 0.25 x 0.1 5 = 0.0375 mol 
mass (I<l~Csl-L04) = 0.0375 x 204.2 = 7.658 or 7.66 g 

Question 43 

(a) MgC03(s) + 21-ICl(aq)-* MgCb(aq) + H20 (~ + C02(g) 

[2 marks] 
[Total= 7 marks] 

[1 mark] 

(b) Boiling the liquid will remove any C02 produced by the reaction. C02 is an acidic gas 
which would otherwise react with NaOH. 

[1 mark] 

(c) n(HCD added initially= 0.0200 x 0.996 = 0.01992 mol 
[1 mark] 

(d) n(l\JaOH) needed to react with excess HCl = 0.02239 x 0.11 = 0.002463 mol 

HCl(aq) + NaOH(aq)-. NaCl(aq) + H20(~ 

n(I-:1Cl) remaini11g = n(NaOH) = 0.002463 mol 

(e) n(HCl) reacted with tablet= 0.01992 - 0.002463 = 0.01746 mol 
n(MgC03) in tablet= 0.01746 + 2 = 0.008729 mol 

mass MgC03 = 0.008729 x 84.3 = 0.7358 or 0.746 g 

(f) % MgC03 in tablet= (0.736 + 0.747) x 100 = 98.5% 
This value is less than that claimed by the manufacturer. 

[1 mark] 

[2 marks] 

[2 marks] 
[Total = 8 marks] 
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Question 44 
(a) Na2CO3 + 2HC1 -+ 2NaCl + f-LO + CO2 

n(Na2CO3) = 2.73/106 = 0.0258 mol; c(Na2CO:i)= 0.0258/0.250L = 0.103M 

0.103 X 25.0/1 = c >< 20.52/2 = 0.251M [1 mark] 

(b) diagram of a burette above conical flask, hydrochloric acid in burette, sodiun:1 

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. \'Vhen 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 empi:ying, 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 air) 

[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. [l mark] 

( d) The carbonate is to be dissolved before adding to the flask, then insert stopper and 

invert and S'\virl several times. [1 mark] 

(e) 
Stopper 

Filling line 

Question 46 
Set up a concentration table: 

Concentration, mol L-1 CH3COOH 

Initial 0.090 
Change - x 
E quilibrium 0.090-x 

H+ 

0 
+x 

X 

[1 mark] 
[Total = 7 marks] 

-
CI-hCOO 

0.11 
+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 

Ka =[ H3O+][CH3CQO-]/[CH3COOH] = x(0.11 + x)/ (0 .090 - x) = x(0.11)/0.090 = 1.8 
X 10-5 

Solve for x: 0.1 1x = (0.090) ( 1.8 X 10-5) 

: . x = 1.8 X 10-s M = [H+]; 
pH = - log(l.8 >< 10-5)= 4.82 = pH of the buffer 

[2 marks] 
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Question 47 
As benzoic acid is a weak acid, [H3O+] must be calculated using a reaction table: 

C6HsCOOH ~ 
H+ C6HsCOO-

~ 

Initial 0.050 0 
Chanf!e - x +x 
Final 0.050-x X 

The equilibrium constant Ka is given by: 

K = [H+][C6H 5COO- ] = x 2 

a [C6H 5COOH] 0.050 - X 

As pK, = -log1oKa, K, = 10-4·20 and is very small, 0.050 - x;:::; 0.050 and hence: 
:< = 0.050 x 10-4 2 or x = 1.78 x 10-3 M = [I-l'] 
Hence, the pH is given by: pH = -log1o[H+] = -log10(1.78 X 10-3) = 2.75 

Question 48 

0 
+x 
X 

[2 marks] 

(a) As formic acid is a weak acid, [H3o+J must be calculated using a reaction table: 

HC0 2H H20 ...... H 30+ ..---
Initial 0.20 Large 0 
Change -x Negligible +x 
Final 0.20-x Large X 

The equilibrium constant Ka is given by: 

K = [H 3O +][HCO2- ] = x 2 

a [H CO2H] 0.020 - X 

As pK. = -log10Ka, K. = 10-377 and is very small, 0.20 - x;:::; 0.20 and hence: 
:< = 0.20 x 10-3-77 or x = S.8 x 10-3 M = [H3O 1] 

Hence, the pH is given by: 

H C02-

0 

+x 

X 

pH = -log1o[I-hO+] = -log1o(S.8 X 10-3) = 2.23 [2 marks] 

(b) HCOOH(aq) + NaOH(s)--+ HCOO-(aq) + Na+(aq) + H2O(~ [1 mark] 

Question 49 
Ca(OH)2--+ Ca2+ + 2OH-; :. [OH l =0.002M; 
P (OH) = -log(0.002) = 2.7, pH= 14 - 2.7 = 11.3 

[f otal = 3 marks] 

[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 

H2CO3/HCO1- pair by the following equation: 

H2CO3(aq) ~ HCO3-(aq) + H3O+ 

This buffer reaction reduces the effect of pH changes in the blood which may be 

introduced frorn acidic or basic food and drink consumed, by increasing the 

concentration I-LO+ or OH- to maintain the optimum pH of 7.4 for proper cell 

functioning. Similarly, the carbon dioxide waste in tl1e blood is involved in a similar 

reaction, where: CO2(g) ~ C02(aq), 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, lin1.ited farming (as 

they are predominantly hunters and gatherers) and other aspects in their everyday lives. 

Including: utilising saps from plants to neutralise anin1.al 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 neutralisation 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. 

Question 52 
(a) NaOH(aq) + HCl(aq) __, NaCl(aq) + H2O(t) 

n(HCl) = 0.1034 x 0.025 = 2.585 x 10-1 mol 

mol ratio NaOH:HCl = 1 : 1, hence n(NaOH) = 2.585 x 10-3 mol 

c(NaOH) = n/v= 2.585 x 10-3/0.02575 
= 0 .1004 M ( correct to 4 significant figures) 

(b) (i) Average titre = (16.60 + 16.50 + 16.55)/3 = 16.55 mL 

n(NaOH) = 0.1004 x 0.01655 = 1.66162 x 10-3 rnol 

mol aspirin: NaOH=1:1, hence n(aspirin) = 1.66162 x 10-3 mol 

,n(aspirin) = 1.66162 x 10-3 x 180.154 = 0.2993 g 

[4 marks) 

[2 marks] 

= 299.3 mg (correct to 4 significant figures) [3 marks] 

(ii) Aspirin contains two functional groups, an acidic group, -COOH, and an ester 

group, - OCOCH3, 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, -CGH4-, do not bond well to water molecules. Hence aspirin 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 marks] 
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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 verticaUy over 
the conical flask and allow it to drain as completely as possible without assistance. 

[2 mark] 

(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 smaUer titre. When this figure 
is used to calculate the concentration of hydrochloric acid the result will be greater 
than the actual concentration. [3 marks] 

Q uestion 54 
(a) n(NaOH) = (50.00 x 1.00) 7 1000 = 0.0500 mol 

(b) n(NaOH) remaining= n(HCl) = (27.60 x 1.00) 7 1000 = 0.0276 mol 
n(NaOH) reacting-with C02 = 0.0500 - 0.02760 = 0.0224 mol 
n(C02) reacting= n(NaOH) 7 2 = 0.0224 7 2 = 0.0112 mol 
Mass C02 = 0.0112 x 44.01 = 0.493 g 
% pm·ity of dry ice= (0.493 7 0.616) x 100 = 80.0% 

Question 55 

(a) 

[Total = 5 marks] 

[1 mark] 

[4 marks] 
[Iotal = 5 marks] 

[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 aUows the 
equivalence point of the titration to be determined. A graph similar to the one below 
is often obtained. 

pH 

volume of alkali added [2 marks] 
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(c) The equation for the reaction of citric acid with sodium hydroxide is 

C6HsO1(aq) + 3NaOH(aq) -+ C6HsO1Na3(aq) + 3H2O(~ 

n(citric acid) = (25.00 x 0.100) --=- 1000 = 0.00250 mol 

n(NaOH) = 3 x 0.00250 = 0.00750 mol 

c(NaOH) = (0.00750 --=- 41.50) x 1000 = 0.181 mol L-1 

Question 56 

[4 marks] 
[Total = 7 marks] 

(a) The acetate ion undergoes a hydrolysis reaction with water to produce hydroxide 

ion. Hence the solution will have a pH greater than 7. 

[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 equilibrium 

\Vhen a sniall an.1.ount of N aOH is added to this solution it will react with some of 

the H30+(aq) and thus reducing their concentration. This will cause the equilibrium 

above to move to the left, producing I-hO+(aq) and partially opposing the change. 

The change in [H3O+] is thus minimised as is the change 1.'1. pH. [3 marks] 

[Total = 5 marks] 

Question 57 
(a) Water should be used to rinse the conical flask as this will not change the number of 

moles of Na CO placed in it. [2 marks] 
2 3 

(b) HCl + NaOH ➔ H2O + NaCl 

n(NaOH) = cV 
= 0.250 X 0.0295 
= 7.375 X 10-3 

:. n(HCl) = 7.375 x 10-3 after reaction with seashell 
Original HCl = cV 

= 0.200 x 0.0500 - 0.01 00 moles 
:. HCl used = 0.0100 - 7.375 x 10-3 

= 2.625 x 10-3 moles used 

2HC1 + co~- ➔ H2O + CO2 + 2cr-

HCl : CO:- = 2 : 1 
0 

2- 2.625 X 10-3 

:. nC03 = ----
2 

= 1.3125 X 10-3 

m = 1.3125 X 10-3 X 60.01 

= 0.07876 g 

= 0.07876 g X 1QO% 
0.1 45 g 

= 54.3% 
[4 marks} 

[Total = 6 marks] 
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Question 58 

(a) n 
c=- ⇒ n=cV 

V 
nacetic = 0.5020 X 0.02500 

= 0.01255 mol 
Molar ratio 1 : 1 

. 0.01255 - 1 
.. cN ott = ---= 0.6503 mol L 

a 0.01930 
[3 marks] 

(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. 
CH3COO-(aq) + H2O(~-+ CH3COOH(aq) + OH-(aq) [2 marks] 

[Total = 5 marks] 
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Question Answer Comments 

1. B C= C groups are numbered from the first C atom of the group 

with that C atom having the lowest possible number. 

2. D The longest chain has six C and all single bonds, hence hexane, 

1-ethyl and l-methyl on the third carbon, which are placed 

alphabetically in the name. 

3. C Double bond in pentene can be in two positions: 1-pentene and 

2-pentene. In addition, three methylbutenes: 2-methyl- l-butene, 

2-methyl-2-butene and 2-methyl-3-butene. The methyl position 

does not change. Not possible to achieve a dimethyl propene. 

4. C (A), (B) and (D) are alkanes [formula CH211+2] and C is an alkene 

[ formula CH211]. 

5. A With the addition of each carbon, two hydrogens are added; 

hence the molecular mass increase by 14; for all alkanes, alkenes 

and alkynes. 

6. A 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 C3 and 1 on 

c . 
7. B Same as Q6, but in this case, two double bonds, the chain with 

the two double bonds 1s the longest; allocate the lowest 

numbering system to the double bond first, then the two methyl 

groups. 

8. D Isomers have the same structural form.ulae, but with different 

arrangement, branching or functional group. Butanoic acid: 

CHs02 and 2,3-butanediol: C4H1002. 

9. D In D, the double bond can on first C and Cl on third C. 

10 A Alkyne's formula is CI-b- 2,formula CsH(Z 'B -2), 

11. D Three carbon single bonded chain, hence propane, an1ines have 

N02 at the end of chain, with a suffix added to the alkane, with 

-e dropped. Amine is C1 and methyl on C2. 

12. B A, C and D are not isomers but identical. 
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13. 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 . 

14. D I: carboxylic have two O atoms, and II has an extra H atom -
CsH110. 

15. D Longest chain is a heptane -with two methyl groups on C3 and 
C4. 

16. C I and II are carboxylic acids, I has Cl atom in C4 and II has Br 
atom on C2. 

17. A The longest chain with the double bond (functional group) has 
six C, between C1 and C2, hence 1-hexene. I atom on C3 and two 
methyl groups on C. 

18. B Four C atoms and single bonds, butane. Allocate the numbers 
alphabetically, hence chloro- has the lower number to -fluoro. 

19. A Same system as Q18 but use a prefix of di- before the naming 
of two halogens. 

20. A W and X have the molecular formulae -with Cl and Fin different 
positions. 

21. D This is the common name for the monomer from which PVC 
polymer is produced. 

22. D Carboxylic acids have two O atoms -COOH at the end of the 
chain, in addition to 10 H atoms. 

23. D The allocations of the numbers with the multiple halogens such 
as in this compound h as to ensure the lowest numbers are used, 
hence -fluoro has three atoms so is on C1 and is given a prefix 
of tri- . 

24. A As Q23. 

25. B Alkanes are saturated and hence H atoms are removed and 
substituted to add the Clz. 

26. C Alcohols are polar and hence have the highest BP. (D) is also 
polar, but the two F atoms prnduce a net negative dipole, hence 
methanol's BP is higher. 

27. A The formula for alkanes is: CH2n + 2, hence (A). 

28. D As Q27. 

29. D Increased surface area and increased number of C increase the 
BP. Hence, II and III 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 

44. 

45. 

46. 

47. 

B 

C 

B 

B 

D 

D 

D 

B 

B 

D 

A 

D 

C 

B 

B 

C 

B 

D 
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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 4.1 8 x 80 = 83.6 kJ. 
0.1 mol is supplied, multiply by molar heat of combustion for 

each hydrocarbon: 
methane = 88.9 kJ mol- 1 and butane= 287.4 kJ mo1- 1 

Test 1 differentiates between saturated and unsaturated (A & C). 
Test 2 is a neutralisation reaction with a base to produce l-h(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 C3 and some C4 and is stored under pressure. 

Hence design specifications and transportation of tanks are very 
strict for safety reasons. 

Homologous series share the same chemical properties, only 

their physical properties change based on the length of the chain. 

Volatility is where 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 

hmnan life and the environment. 

If an alcohol does not form, the double bond is between C2 and 
C3, hence bromo will fill the two unsaturated C atoms. 

If the double bond is between C1 and C2, 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: C3I-ls + 502 -->3CO2 + 4H2O. If 2 moles of 

propane reacts, 6 moles of CO2 1s produced. Propane 1s 
saturated hence will not react with bromine. 

If an alcohol does not form, the double bond is between C3 and 

C4, hence bromo will fill the two unsaturated C atoms. 

If the double bond is between Ci and C2, the Br atoms could be 

in either of the two carbons, and H atom on the other. 

Concentrated H2S04 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 

111e 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. C Only an acid will decompose a carbonate and change blue litmus 
red. 

49. A 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. 

50. C An addition reaction can only occur in unsaturated compounds, 
in this case by addition of HCl. 

51. A 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). 

52, B With the addition of Iz, an I atom will be added to C2 and C3 as 
this is the position of tl1e double bond. 

53. C 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. 

54. B Ethanol has more bonds to break and reform than methanol and 
hence tl1e net energy will be greater for ethanol. 

55. C Dehydration of ethanol will produce ethene and water. 

56. B When 1 mole of each of the fuels is burnt the energy released is 
LiH c(C2HsOH) = 29.6 x 46.1 = 1365 kJ mol-1; 

L'iHc(CsH1s) = 47.8 X 114.2 = 5459 kJ moi-1; 
L'iHc(C4H10) = 49.5 X 58.1 = 2876 kJ moI-1; 

L'iHc(C3Hs) = 50.3 x 44.1 = 2218 lrj moi-1. 

57. A As this is an exothermic reaction, low temperature drives the 
reaction to the LHS, hence is incorrect. 

58. C Concentrated H2SO4 is a dehydration agent; removing a water 
molecule from alcohol to produce an alkene, but in dilute form 
it is reversed. 

59. D n(C4}-JioO) = 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 

60. C Molar mass of 1-propanol = 60 g moi-1 
LiI-1c (C3H1OH) = 2021 + 60 = 33.68 kJ g-1 

61. B 1 mol of glucose produces 2 mol of ethanol and 2 mol of carbon 
dioxide. 



62. A 

63. C 

64. C 

65. B 

66. B 

67. D 

68. D 

69. D 

70. B 

71. D 

72. C 

73. C 

74. B 
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4.1 8 X 250 X 16.Q 
Heat energy given to water = 1000 = 16.72 kJ 

125.58 - 124.38 
n(CH3OH) = 32 = 0.0375 mol 

i},_J--Ic = 16.72-+- 0.0375 = 446 kJ moi-1 

1 mol propanol reacts to form 4 mol = 72.1 g water 
2021 kJ are evolved when 72.1 g water forms 

1530 kJ are evolved when (1530 x 72.064)/2021 g water forms 
= 55 g 

The rnol ratio butan-1-ol: carbon dioxide in the equation is 1:4, 
thus 2 mol butan-1-ol produce 8 rnol carbon dioxide. 

n(ethanol) = 1000 -+- 46.06 = 21.71 mol 

Energy released by 1.0 kg ethanol= 21.71 x 1360 = 29528 kJ. 
Distance travelled = 29528 -+- 2270 = 13.0 km 

1The atnounts of energy per gratn of compound are CO -

8.32 kJ; CH4 = 55.6 lrj; C2H2 = 50.0 k:J and C2H0 = 52.0 kJ. 

Ethanol is miscible in both polar and non-polar substances, as it 
is a short molecule \Vith a hydrophilic and a hydrophobic end, 
hence forms dipole-dipole bonds \Vith octane. 

Molecules of heptan-1-ol have seven carbon atoms, i.e. the 
formula is C7H1sOH. Molar mass of heptan-1-ol = 
116.2 g moi-1. Heat released by 1.0 g is 4638 -+- 11 6.2 = 39.9 k:J. 

Mass of water heated= 39.9-+- (4.18 x 25) = 0.382 kg 

The equation for the fermentation of glucose is 
C6f-foO0(aq) -+ 2C2HsOH(aq) + 2C02(g, 

n(CO2) formed = 2 x (10.3 -+- 180) = 0.1144 mol 

Volun.1.e (CO2) = 0.11 44 x 24. 79 = 2.84 L 

Hydrogen bonding occurs with the lone pair of e- on the 
0 atom, and the H (which o+) in the water molecule. 

The black is soot (C) . H2O(g, and CO2(g, are also produced as 
the product of combustion. 

Only a 1 ° alcohol will produce a carboxylic by the strong 
oxidising agent, I<MnO4, 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 ,vhen ethanol and pentanoic 
acid react. It has the formula CH9CO2Cf-bCf-L. 



162 Cambridge Checkpoints Chemistry 

75. 

76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

D 

A 

A 

C 

D 

D 

C 

B 

A 

B 

D 

B 

D 

B 

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 ~ 
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 H2SO4(aq) 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 (C3H6)n or (CH2)311• 
Number of C atoms is 3n. Molar mass = 3n x 14 = 
105 000 g moI-1 and thus 3n = 105 000/14 = 7500. 

Since methyl methacrylate contains a C=C it will undergo 
addition polymerisation. - CH3 and ~COOCH3 groups will be 
bonded to every second C atom. These will be separated by 
a -CH2 group. 

In step 2, HCl has been removed from C2H4Clz, to produce an 
alkene; then polymerisation . 

Petroleum contains large hydrocarbon molecules. These are 
cracked to produce smaller molecules ( e.g. petrol) and C2H4. 

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 HOCH2CH2COOH by a condensation reaction. 

Since vinyl acetate contains a C=C it will undergo addition 
polymerisation. - H and - OCOCH3 groups will be bonded to 
every second C atom. These will be separated by a -CH2- 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 moI-1 and that of the polymer will be (90 x 
1000) - (999 x 18) :::; 72 000 g moi-1. 



89. A 

90. C 

91. D 

92. B 

93. D 

94. A 

9.5 C 

96. D 

97. D 

98. D 

99. C 

100. D 

101. B 
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For a condensation reaction to occur, Lwo functional groups 
react to form a new group with the elimination of a small 
molecule, usually water. 

Cellulose will react with water to form glucose. 

(C6H10Os)11 + nH20 ➔ nC6H120c; 
\1(/ater 1s eliminated from ethanol to form ethylene in a 
dehydration reaction. 

This condensation polymer results from the reaction of - OH 
and - COOH groups. T o form each ester link, one functional 
group loses OH and the other loses H (to form water, the other 
product. 

Biopolymers are produced by living organisms and are usually 
easily decomposed by bacteria in the environment. Polymers 
nude from petrochemicals are rnore difficult to biodegrade. 

Styrene is an unsaturated compound and can act as a monomer 
for addition polymerisation. C2H4 is reacted ,;vith benzene to 
form ethylbenzene, which in turn is reacted with S to form 
styrene and H2S. 

Condensation and dehydration require the elements of water to 
be removed. Esterification is the reaction of an acid with an 
alcohol. This resin was produced by addition polyn1erisation. 

In an addition reaction, a C= C is broken and replaced by two 
single bonds. (D) is an esterification reaction . 

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 occurring polymer. 

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 ester 
group but also a peroxy group. 

In this nyion, there are si_x - CH2- groups between each NH 
group and four - CH2- groups between each C= O group. 
Condensation polymerisation of the monomers m (l...)) will 
produce this result. 

Screwdriver handles need to be rigid for a firm grip, polystyrene 
is a tough polymer with high impact strength. 

The double bond is between Ci and C2, hence allowing the third 
C to becorne a methyl group. 

As Q100. 
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Free-response questions 
7.1 Nomenclature 

[1 mark] 

Question 2 
(a) The two compounds are trimethylpentane and methylheptane. Isomers have the 

same molecular formula but different strnctures. [2 marks] 

(b) Benzene is not an alkane. Alkanes have the general formula C,,H211 + 2. Benzene 
belongs to a group of compounds that have the general formula C,,H211 - 6• 

Question 3 
(a) Bis an alkene. 

(b) 

Question 4 

[2 marks] 

[2 marks] 
[Total = 6 marks] 

[1 mark] 

[1 mark] 
[Total= 2 marks] 

H eptane 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. 

I '-v/''-.1""", 
~✓,..~- ~~ 

heptane 2-m<>thylhexan<> 3-m8thylb<>:<an<> 

4 ~ ~ 
2,2-dim~thylpentano 

2. 3-u i mmtby I pm1rt anm 2. 4- d i111ethylpentum /'r ✓r 
/ ~' 

3.,-dil!letbylpentane 3-etllyl penta11e 2 ,2. 3-trim<1thylbutan9 

[2 marks] 
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Question 5 
An isomer: 1-pentanamine. 

H H 
H I HI I HI ,,,,..H 
" c/ c,. ,,,--c.... ..,. N< I ... ,, I ..._ c,.. 1 .. 

H/ 1 H '[ H I 1H 
H H H 

[2 marksJ 

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. 

Question 7 
Ethanoic acid has the higher boiling point due to the hydrogen bonds benveen 
molecules. 

Question 8 

[2 marks] 

[2 marks] 

C2HsOI-I 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 
molecular weight increases, so does the boiling point. Branched alk:anes 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 marks] 

Question 11 
Ethanol, CH3CH20H Ethene, CH2=CH2 

Liquid at room temperature due its polar A colourless gas with a faint sweetish smell, BP 
nature, but volatile. <Ooc. 

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 
or 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 water. 

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 countries, but in 
third-world countries, polymers sources from crude oil are cheaper to produce and 
are a necessary commodity for survival - such as for carrying and storing water, as a 
builw11g material etc. In addition, using the land and water to plant crops for 
polymer production is unrealistic when these are required for food production. 

• Hydrocarbons 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 worldwide famine would be a 
possibility. 

• Electricity production - Despite the availability of alternative power generation 
sources, such as solar, wind, hydro-, etc; most countries are 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. 

H ence 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 marks] 

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 solubiliq,. 

Hydrogen bond is the strongest of these attractive forces and they occur bet\'veen 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 irs solubility ii.---i water - due to hydrogen bonding between 

the O atom in the OF1 and the H atorn in water. 

Dipole-dipole forces occur when dipoles are created by differences in electronegativities 

of the atoms of adjacent n1olecules. The attractive forces are like the H-bonding, but the 

rnagnitude of the dipoles is significantly smaller . The magnitude of these forces 

influences the state and boiling point of the substances. 

Low molecular mass hydrocarbons, such as methane, lack strong dipoles, but can 

experience dispersion forces bet\'Veen the molecules. Their dipoles are weak and transient 

and solely depend on contact between molecules. As each rnethane 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 
(a) An addition polymerisation reaction. [1 n,ark] 

(b) The models are useful because they allow the student to simulate tl1e bond breaking 

and bond forming that occurs during a reaction, and also to observe the structures 

in three dimensions giving an appreciation of molecular shapes and bond directions. 
[2 marks] 

[Total = 3 marks] 

Question 16 
D espite having different molar masses, ail thee molecules have sin1ilar 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. 

• 

.. 

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 . 

Acetic acid has the lowest molar mass and so the weakest dispersion force, but it is 

polar and contains a hydrogen bound to an oxygen allowing the forrnation 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 C2H4 + Hz - C2H6. 
• Addition of HCl to give chloroethane C2H4 + HCl - C2HsCL 
• Addition of bromine to give dibromoethane C2H4 + Br2 - C2H4Br2. 
• Addition polymerisation nC2H4 - (-CH2- CH2-)11- [4 marks] 

[Total= 5 marks] 

Q uestion 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 bonds) . [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 
very toxic by inhalation. The hazards of using bromine can be addressed by carrying 
out the experiments in a fume cupboard, which will prevent the bromine vapours 
from being inhaled. Also, bromine water rather than liquid bromine should be used. 

Question 19 

(a) H H "' / / C = C"-. 
H H 

ethene 

(b) C4H10(g) - C2H 4(g) + C2H6(g) 

C4H1o(g) - C3H6(g) + CH4(g) 

H"-- . / CH3 
C = C 

/ " H H 
propene 

(c) H CH3 

( H. , _ _,,, CH3 )· ·. ( I I · ) n "C - C. --~l!'J•.• - .. Cl, - - Cl, - . n 
lY ' H 

H H 

The structure of the polymer (showing three monomer units). 

H CH~. H CH3 H CH; I I " I I . i I . 
- c-c-c-c-c-c-

1 I I l I I 
H H H H H H 

[3 marks] 
(Total = 5 marks] 

[2 marks] 

(2 marks] 

[2 marks] 



Answers - Module 7: Organic Chemistry 169 

( 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. 

Question 20 

H CH3 
I i 

Br-C-C-H 
I ! 

H H 

1-bromopropane 

H CH3 
I I 

H -C - C --Br 
I I 
H H 

2-bromopropane 
[2 marks] 

[Total = 8 marks] 

(a) A: H exene; B: 1,2--dichlorohexane; C: 2--chlorohexane. [3 marks] 

(b) 2--hexene I-hCCH=CHCI--IzCE--IzCH3; 3--hexene f-13CCI-IzCH=CHCE--bCH3 [2 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 

dissociates in water and aiso due to the polar end of the hydrocarbon. 

Question 22 
(a) 

CH3 OH 
I 

[Total= 5 marks] 

H H 0-H 
I I / 

1--1 - c-c-c 
I l \\ 

H H 0 

[4 marks] 

[2 marks] 

I 
H3C--CH--CH-- CH2--CI--L I-hC--C--CH-- CH2--CH3 

I 
OH 

3--methyl-2--pentanol 

I 
CH3 

2--methyl-2-pentanol 

(b) Adding a strong oxidising agent would distinguish between the two alcohols. 

2--methyl--2--pentanol is a tertiaty 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] 

7.4 Alcohols 

Question 23 
(a) 2C3I--h OH(~ + 9O2(g) - 6CO2(g) + SI--IzO(~ 
(b) n(C3H1OH) = 85.0 "7" 60.1 = 1.414 mol 

n(CO2) = n(C2HsOH) x 3 = 4.243 mol 

Volume CO2 = 4.243 x 24.79 = 105.2 L, i.e. 105 L 

[Total = 4 marks] 

[1 mark] 

[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 g 
n(methanol) - 1.278 + 32 = 0.0399 mol 

(c) Heat given to water= (4.18 x 300 x 11.8) + 1000 = 14.8 kJ 
(d) Heat of combustion= 14.80-:- 0.0399 = 371 kJ moi-1 

(e) Any two of: e incomplete combustion of methanol 

Question 25 

0 heat lost to the air 
" heat lost in heating the container 
" heat lost from the container 

(a) C2HsOH(~ + 3O2(g) - 2CO2(g) + 3H2O(~ 

(b) n(C2HsOH) = 1.0 + 46 = 0.0217 mol 

[1 mark] 

Heat released for 1.0 g = 0.0217 x 1364 = 29.65, i.e. 30 kJ 
4.2 X 950 X (100 - 12) 

(c) Energy needed to heat the water= 1000 = 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 

Question 26 

1-butanol 2-butanol 
2-methyl-1-

propanol 

~. fl_ t H H i1 H H H t 
I / / L ; 

H,,✓p--q:-- \ c"--o.---H /'f----cf--~C--._ C w:;,c~-s/C\'H 
H \ ''H H H H \ R t, 9 ); 

R C 0--H /(''H 
~ H H 

Question 27 

[2 marks] 

[1 mark] 

[1 mark] 

[2 marks] 
[Total = 7 marks] 

[1 mark] 

[4 marks] 
[Total = 6 marks] 

2-methyl-2-
propanol 

~ H O !,I 

w)~~-~{-H 
H 9. FI I '-H 

HH 
[4 marks] 

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. E thanol produces less energy per 
gram than petrol. However, this is partially compensated by ethanol's higher octane 
rating. Engines will run on ethanol-petrol mL'<tutes 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) C2Hc,OH(,) + 3O2(g) -+ 2CO2(g) + 3H2O(g) 

2CH1c:igl + 25O2(g)-+ l6CO2~~:j + 18H20(g) 

(b) (i) mass Cgfo 8 = 0.698 >; 5().0 x 1000 = 34 900 g or 34.9 kg 
(ii) mass C2HsOH = 0.785 >' 50.0 >c 1000 = 39 250 g or 39.3 kg 

(c) n(octane) in 50 L = 34 900-,- 114 = 306, 1 mol 

energy frorn 50 L octane= 306.1 x .5464 = 1.673 :,, 106 k:J = 1670 j\,1fJ 
n(ethanol) in 50 L = 39 250-,- 46 = 853.3 mol 

energy from 50 L ethanol = 853.3 >< 1364 = 1.164 106 kJ = 1160 MJ 

(d) 54641~1 is released when l mol octane reacts. 
Reaction of 1 rnol of octane produces 8 rnol of C02• 

5464 kJ is released when 8 x 44 g C02 is forrned. 
When 1000 lrj is released (8 >< 44 >1 1000) -:- 5464 = 64-A g C02 is forn1ed. 
For ethanol, 1000 kJ is released when (2 x 44 x 1000) + 1364 = 64.5 g C02 is 

[l mark] 

[1 mark! 

14 marks] 

formed. [2 marks] 

Question 29 
(a) C6H1206(aq) -> 2C02(g) + 2C2HsOH(aq) 

(b) mass of C02 released = 421.62 - 41 l.84 = 9.78 g 
n(C02) = 9.78 + 44001 = 0.222 mol 

(c) n(C2HsOH) = n(C02) = 0.222 n:101 

mass C2HsOH produced = 0.222 >< 46.1 = l0.2 g 

Question 30 

[Total = 10 marks] 

[1 mark] 

fl mark] 

[2 marks] 
[Total = 4 marks] 

The amount of heat released '\Vhen 1 mole of a substance undergoes complete 
con1bustion in 02 to produce C02 and water. 

[1 mark] 

Question 31 
(a) 3CH3CH20H + Cr20/- + 8H+ _, 3Cf-LCHO + 2Cr3+ + 7H20; Product is ethanal. 

3G-LCI--hOH + 2Cr20?- ---c;. 3CHJCHOOH + 4Cr3+ + 1 H-hO, Product is ethanoic 
acid. [2 marks! 

(b) Ethanol is oxidised by acidified sodiurn dichromate reaction, firstly to form ethanal, 
and with forther mddation, ethanoic acid is forn.1.ed, To produce ethanal, excess 
ethanol is present to conti11Ue to produce ethanal, ,.vhich is removed to prevent it 
fron.1 continuing to form ethanoic add. [2 marks] 

(c) Butan-2-ol is a secondary alcohol and hence only butanone is produced. The C atom 
contah1ing the -OH group has no H atom, hence cannot continue reacting to 
produce further products. [2 rnarks] 

[Total = 6 marks] 
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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, tl1e alcohols becon1e less polar, i.e. more non-
polar, and hence less soluble. [2 marks] 

Question 33 
(a) 

Time (minutes) 

(b) From graph, llT = 31.0-18.5 = 12.5°C 
Mass of ethanol burnt = 236.14 - 235.56 = 0.58 g 
Moles ethanol = 
Energy released = n x 827 = 0.0126 x 827 

= 10.420 kJ 
=10420] 

[Total= 4 marks] 

[3 marks] 

[3 marks] 
[Total = 6 marks] 
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Question 34 
(a) ~----P-e-t-ro_l_e_u_n_1 ___ ~ 

Fractional distillation 

t 
Catalytic cracking 

t 
Ethylene 

t 
H2S04 + H20 

Hydration 

t 
Ethanol 

Sugar Cane 

Crushed sugar extracted 

Sugar solution + yeast 

Fermentation 

Ethanol solution 

Distillation 

[5 marks] 

(b) Ethanol produced by the cracking of hydrocarbons is consuming a non -renewable 
fossil fuel resource 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 fro m 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 o f the 
environment. 

Both methods produce ethanol as a final product which when used as a fuel 
produces less C02 when compared to octane. C02 contributes to the enhanced 

greenhouse effect so less emissions will be more beneficial to the environment. 
[3 marks] 

tfotal = 8 marks] 



174 Cambridge Checkpoints Chemistry 

Question 35 
(a) 

Boiling 
point 
('C) 

180 

170 

160 

150 

140 

130 

120 

110 

100 

90 

80 

70 

60 

(b) BP of butan-1-ol = 118°C 

2 3 4 

N u1nbcr of Carbon aton1s 

5 6 7 
[3 marks] 

[1 mark] 

( c) Dispersion forces. The molecules of all of these cornpounds contain an - OH group. 
Hence there is hydrogen bonding between the molecules for all the alkanols. 
However, as the chain length increases (by -Cf-h - 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 --i- 46.07 = 5.62 x 10-3 mol 
Heat released by ethanol = 1367 x 5.62 x 10-3 kJ = 7.69 kJ or 7690 J 
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 = 7 690 --i- (120 x 30.0) = 2.14 x 103 J I<:._- 1 kg-1• 

Question 37 
(a) 

: 

. ,_, 
0 -+-~-+-~-+-'~+1~' ~.,...__,_~-~,___~,___..-'--"-'1 

0 10 20 30 40 50 60 70 80 
~.folecular mass (gmof-·1) 

0 Theoretical heat 
of corohustion 

ei1 Calculated heat 
of combustion 

[4 marks] 

[3 marks] 
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(b) The student's investigation is a valid way to show the link between molar mass and 
heat of combustion (!1J-f). TI1e experimental data obtained by the student shO\,vS a 
similar trend to the trend in the theoretical data (the lin es 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 arid the theoretical data shmving thar there is a systematic error. 
The other variables have been controlled. [3 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 

[Total = 6 marks] 

(1) 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 (-CH2CH3) allows it to dis solve non-polar substances. This 
property of ethanol has a positive impact on society. Many substances, such as 
flavourings, colourings and medicines may not be ve1y 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. 

(2) When ethanol is burnt energy is released. 

H ence ethanol can be used as an alternative fuel in car engines. I t is used to 
supplen.1.ent or to replace petrol. If ethanol can be produced from biornass then it is 
an alternative to foss il fuels. 

(3) 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 ot.l-ier renewable sources, 
then smaller amounts of fos sil fuels will be needed to produce the polymers. 

( 4) Fermentation of glucose will produce ethanol. 

This reaction is the basis of the fermentation indusi:iy 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 marks] 
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Question 39 
Many polymers currently used in our society are not biodegradable and they accumulate 
in the environment. To address this concern biodegradable plastics are being 
investigated. 
Po!J01dro~ybutanoate (PHB): PHB is produced by some strains of bacteria. It is a 
condensation polymer made from 3-hydroxybutanoic acid, CH3CH (OH)CH2CO OH. It 
has similar properties 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. 
Pofylactic acid (PLA): 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 in1pact of this polymer on the environment is 
therefore limited but will increase when it is used more widely. 

[4 marks] 

Question 40 
(a) Advantages: 

0 Ethanol can be produced from renewable sources such as sugarcane as opposed 
to other fuels such as petrol which come from fossil fuels, tl1e supply of which 
is finite . 

.. Ethanol undergoes complete combustion more easily than octane therefore 
producing less C(s) which can clog engine parts, and less CO (g) which is 
poisonous. 

Disadvantages: 
0 Ethanol releases less energy per gram than octane meaning that a greater mass 

of fuel is required to travel the same distance. 
0 Producing ethanol from renewable sources requires vast amounts of arable land, 

reducing the availability of land for food crops. [4 marks] 

(b) C2HsOH(~ + 30z(g) ➔ 2CO z(g) + 3H20(g) 

[3 marks] 
[Total= 7 marks] 
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7 .5 Reactions of organic acids and bases 

Question 41 
Compound: 1-chloropropanoic acid; Salt: sodiurn 1-chloropropanoate 

Question 42 
(a) 

0 
II 

.C 
+ H 

[1 mark] 

HH 

,/ 
C 
/ \ 

HE 

C 

'H + ,r:\ 
H .H 

[2 marksJ 

(b) Eithet:· Concentrated sulfuric acid is used as a catalyst ii1. the preparation of ethyl 
butanoate. It is highly corrosive to skin and rnust be used with great care. A supply 
of water such as a safeLy shower should be available. Also, an absorbent, such as 
sand, and a neutralising ~tgent, for example solid sodium. carbonate, should be 
present in the laboratory. 
Or:· As the chemicals used are fiammable a fire extinguisher and blanket are required. 

[2 marks] 
[Total= 4 marks] 

Question 43 
Heating the reaction rni..xture under reflux conditions has 
several advantages. 

• The reaction bet\veen an alcohol and a carboxylic 
acid is usually slow. Heating the m.ixtute will 
.increase the rate of reaction. 

e The reactants and the ester are volatile and 
flammable. The reflux condition condenses the 
vapours ,md returns them to the reaction flask. 

Heating can be contiimed 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 are used to carry 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 
dichrornate solution. 
Ethanol is placed in a flask and mi,;:ed with an equimolar amount of acetic acid. The 
esterification reaction is slow. To increase the rate of reaction a srnall 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] 

(c) 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 
(a) 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 rno1ecules contain two distinct ends, a hydrophilic end (-Coo-) which is water 
loving and a hydrophobic end (-CH 2), 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 marks] 
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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 

(b) 
liquid soap. [1 markJ 

Q R-g- 0 . K~ 
R-C- 0-CI-f, l • 

t( l R'-Cg-o· K+ R'-C-0-<;:H + 3KOH ➔ · 
0 I 
u I 

R't.. C-O-CH2 

\IIP H 
I 
!HOH 
CH20H 

A triglyceride reacts with KOH to form a mixture of potassium carboxylates and glycerol. 

Question 47 

[2 marks) 
[Total 3 marks} 

Soap has a hydrophilic, negatively charged polar head and a long, hydrophobic non-polar 
tail. \'vhen 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 particle is lifted 
off the surf:ice. 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] 

Q uestion 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 

Alcohol Flarnmable and toxic 

Carboxylic 
May cause skin burns. Often 

acid 
have a strong unpleasant odour 
and can cause throat irritation. 

Cone. H2SO, 
This material has noxious fumes 
and can cause severe skin burns. 

Control method 

Keep away from naked flames. Heat 
using a hot plate. 

Wear protective clothing, e.g. a lab 
coat, gloves and safety glasses. Carry 
out experiment in a fume cupboard. 

Work in a fume cupboard, wear 
protective clothing, e.g. a lab coat, 
gloves and safety giasses. Use only 
small quantities . 

[5 marks ! 
[Total = 6 marks] 
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Question 49 
(a) One of the reactants is flammable. [1 mark] 

(b) H 
I 

H-C-0 + 
I I 

H H H H O H H H 
o~ I I I I 11 I I I 

c-c-c-c-H ~ H-C-O- C - C-C-C-H + 0 

H H 
/ I I I I I I I / "' 

/0 H H H H H H H H H 

H 

[2 marks] 

(c) E sterification is a slow reaction . H eating 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. 

Question 50 
(a) 

+ HBr 

(b) A - 1-bromobutane, B -1-butanol, C - butanal 

II 

(2 marks] 
[Total = 5 marks] 

0 
(5 marks] 

(3 marks] 
[Total = 8 marks] 
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Question 51 

Conllllon Na1T1e 

Ethvlene _; 

Ethylene 

Vinyl chloride 

Styrene 

Monomers 

~ystematic name 

Ethene 

Ethene 

Chloroethene 

Phenylethene 

Tetrafluoroethylene T etrafluoroethene 

N ame 

LDPE -
Lm,v density polyethylene 

HDPE-
High density polyethylene 

PVC-
polyvinylchloride 

Polystyrene 

PTFE -
polytetrafluoroethylene 

Polymers 
--

Pwpeniefi U!ie 

Flexible and tough but low tensile • Soft drink bottles, toys 
strength, low heat deflection ® Shopping bags 
Rigid and non-permeable, high • Garbage bins, cutting boards 
tensile strength with low-stress 

G> Detergent bottles 
crack resistance 
Clear, moderately tough, • Pipes, flooring 
waterproof and with good £Lame 
resistance; but poor UV resistant 

e Raincoats, shower curtains 

• Toys 
• Foam products, induding for 

Good moisture resistant, brittle insulation 

'fl Body of appuances, car moulding 
o 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 

• Hydrophobic to water due to the chemical 
high electronegativity of fluorine @ As a lubricant due to its non-

• High temperature resistance adhesive properties 
"One of the lowest coefficients of 

friction 
[4 marks] 
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Question 52 

H Cl Polvmerisation 
\ I ' 
C=f': "r,;.i/ 

/ \ 

H H 

HQHClHOHCIHCllfCl 
I Ii 111 1 11 II I 

-c--c -c-c-c-c-,,c-c-c-c--c-c-
1 1 t 11 1 t 111 1 1 

JI H HHH HH HH :R:JiH 
mono:mfil' polymer 

( 
Polvmerisation 

..• ' . ' . ' · ·➔ 

monon1er 

[4 marks] 

Question 53 
PVC - the Cl atom strengthens the chain, prevents rnovement 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. 

Polystyrene 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 ,:vith 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). 
PS - (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 
(a) Length of chain: strength increases with polymer length due to greater 

intermolecular forces. 
(b) chain arrangement: if rnolecules are lined and closely packed (crystalline) lead to 

polymer strength and higher MP. Polymer chains arranged randomly (amorphous) 
are flexible and soft. 

(c) Degree of branching: Increase in number and length of branching leads to improved 
mechanical properties, i.e. stiffer, harder and stronger polymer 

( d) Cross-linking between polyrner chain: This can alter the properties of the polymer, 
such as resistance to solvents or increased heat resistance. 

(e) Inclusion of additives: Additives are used to impro-ve the property of the polymer 
for the application, such as a filter additive for improved UV protection or to 
improve the thermal stability or heat retardation of the polymer. 

Question 56 
(a) (i) 

(ii) 

H HH HH H 
I I l I I I 

-c-c-c-c-c-c-
1 I I I I I 

H Cl H Cl H Cl 
Addition polyn1erisation. 

(b) The polymer is made from three monomers. 

H H H H " / ' / C==C C=C 
H/ 'c6H5 H/ 'cH3 

Question 57 
(a) 

propene 

HH HH HH 
\l \I \/ 

, /c'-..._ /c"--- /c, 
"c c 'c ' 
/\ /\ /\ 

H C=N H C==:N H C=N 

H H ' / C==C 
/ ' H H 

~- ethene 

[5 marks] 

[2 marks] 

[1 mark] 

[3 marks] 
[Total= 6 marks] 

[1 mark] 

(b) Polyacrylonitrile must be able to be drawn into long filaments, which can be knitted 
togeth er to make the rnaterial for m gs, blankets and clothes. It should have a high 
tensile strength, be light\veigh t and feel soft and warm. I t 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] 
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Question 58 
(a) Compound Q could be either 1-propanol or 2- propanol. 

[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. 

[3 marks] 

(c) The number of propene molecules that link together to form the polymer chain can 
va1y 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 
(a) There are three steps in the addition polymerisation of a monomer, such as ethylene. 

They are initiation, propagation and term.ination. To start 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. 

The unpaired electron from the radical combines with one of the electrons from the 
double bond of the alkene as follows. 

In the propagation step, more molecules of the alkene can react to extend the chain 
length. 

This process continues until two growing chains react and the process terminates. 

C6HsCOO- (CI-h)xCH2• + •CI-b(CH2)rOOCC6Hs .._ 
C6HsCOO-(CI-L)xCH2-CI-L(CH2)rOOCC6Hs 

[3 marks] 

(b) In polystyrene, C6Hs 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 batteries. 

Polyerhylene consists of long chains of - CH2- groups with no side groups. There 
are two forms of polyethylene: high density polyethylene (HDPE) and low-density 
polyethylene (LDPE) . 

In HDPE there are very few branches to the chain ac'ld the long chains can pack 
close together. This results in a rigid polymer that is used to make durable 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 marks] 

[Total = 7 marks] 
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