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13.	 Aluminium trichloride, AlCl3(g), and beryllium chloride, BeCl2(g), have been known for  
many years. Which adaptation of the bonding model was made to explain the bonding in AlCl3(g) 
and BeCl2(g)?

A.	 The existence of coordination bonding was proposed.

B.	 Ideas about oxidation states were formed.

C.	 Exceptions to the octet rule were introduced.

D.	 Lewis formulas of molecules were developed.

14.	 Germanium has several stable oxidation states. Which row shows these species in order  
of increasing radius?

A.	 Ge4+, Ge2+, Ge, Ge4-.

B.	 Ge4-, Ge4+, Ge2+, Ge.

C.	 Ge, Ge4-, Ge4+, Ge2+.

D.	 Ge2+, Ge, Ge4-, Ge4+.

15.	 Which statement explains the trend in first ionisation energy from sodium, Na, to chlorine,Cl?

A.	 Nuclear charge increases.

B.	 Electronegativity decreases.

C.	 Atomic radius increases.

D.	 Shielding decreases.

16.	 Which elements would react with each other most vigorously?

A.	 K(s) and Br2(g)

B.	 K(s) and Cl2(g)

C.	 Na(s) and Br2(g)

D.	 Na(s) and Cl2(g)
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13.	 Aluminium trichloride, AlCl3(g), and beryllium chloride, BeCl2(g), have been known for  
many years. Which adaptation of the bonding model was made to explain the bonding in AlCl3(g) 
and BeCl2(g)?

A.	 The existence of coordination bonding was proposed.

B.	 Ideas about oxidation states were formed.

C.	 Exceptions to the octet rule were introduced.

D.	 Lewis formulas of molecules were developed.

14.	 Germanium has several stable oxidation states. Which row shows these species in order  
of increasing radius?

A.	 Ge4+, Ge2+, Ge, Ge4-.

B.	 Ge4-, Ge4+, Ge2+, Ge.

C.	 Ge, Ge4-, Ge4+, Ge2+.

D.	 Ge2+, Ge, Ge4-, Ge4+.

15.	 Which statement explains the trend in first ionisation energy from sodium, Na, to chlorine,Cl?

A.	 Nuclear charge increases.

B.	 Electronegativity decreases.

C.	 Atomic radius increases.

D.	 Shielding decreases.

16.	 Which elements would react with each other most vigorously?

A.	 K(s) and Br2(g)

B.	 K(s) and Cl2(g)

C.	 Na(s) and Br2(g)

D.	 Na(s) and Cl2(g)
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13.	 Aluminium trichloride, AlCl3(g), and beryllium chloride, BeCl2(g), have been known for  
many years. Which adaptation of the bonding model was made to explain the bonding in AlCl3(g) 
and BeCl2(g)?

A.	 The existence of coordination bonding was proposed.

B.	 Ideas about oxidation states were formed.

C.	 Exceptions to the octet rule were introduced.

D.	 Lewis formulas of molecules were developed.

14.	 Germanium has several stable oxidation states. Which row shows these species in order  
of increasing radius?

A.	 Ge4+, Ge2+, Ge, Ge4-.

B.	 Ge4-, Ge4+, Ge2+, Ge.

C.	 Ge, Ge4-, Ge4+, Ge2+.

D.	 Ge2+, Ge, Ge4-, Ge4+.

15.	 Which statement explains the trend in first ionisation energy from sodium, Na, to chlorine,Cl?

A.	 Nuclear charge increases.

B.	 Electronegativity decreases.

C.	 Atomic radius increases.

D.	 Shielding decreases.

16.	 Which elements would react with each other most vigorously?

A.	 K(s) and Br2(g)

B.	 K(s) and Cl2(g)

C.	 Na(s) and Br2(g)

D.	 Na(s) and Cl2(g)
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17.	 Ammonia, NH3 and nitrous acid, HNO2, are compounds of nitrogen. What are the oxidation states 
of nitrogen in these compounds?

NH3 HNO2

A. +3 +3

B. -3 -3

C. +3 -3

D. -3 +3

18.	 Consider a reaction mixture that is in thermal equilibrium with the surroundings. When a reaction 
takes place, the temperature of the mixture decreases.

Which row correctly shows the changes in energy when the new thermal equilibrium  
is established?

Energy of system Energy of surroundings

A. decreases decreases

B. increases increases

C. decreases increases

D. increases decreases

19.	 0.050 mol of sodium hydrogencarbonate was added to 50 cm3 of 2.0 mol dm−3 solution of citric acid.

C6H8O7(aq) + 3NaHCO3(s) → C6H5O7Na3(aq) + 3CO2(g) + 3H2O(l)

The initial temperature of the solution was 298 K and the final temperature was 297 K. 
What is the enthalpy of this reaction in kJ mol−1? (cw = 4.18 J g−1 K−1, Q = mc∆T)

A.	 +4.18 

B.	 -4.18 

C.	 +12.5 

D.	 -12.5
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10.	 Which monomer produces this addition polymer?
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11.	 Which label shows the d-block elements of the periodic table?

A.

D.

B.

C.

– 6 – 2225 – 6216

12.	 Why do group 17 elements have higher first ionization energies than group 1 elements in the 
same period?

A.	 Group 17 elements have more electrons in the valence shell.

B.	 Group 17 elements have more filled energy levels.

C.	 Group 17 elements have more paired electrons.

D.	 Group 17 elements have more protons in the nucleus.

13.	 What is the oxidation state of nitrogen in N2O4?

A.	 −4

B.	 −2

C.	 +2

D.	 +4

14.	 Which compound is an isomer of propanone?
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12.	 Why do group 17 elements have higher first ionization energies than group 1 elements in the 
same period?

A.	 Group 17 elements have more electrons in the valence shell.

B.	 Group 17 elements have more filled energy levels.

C.	 Group 17 elements have more paired electrons.

D.	 Group 17 elements have more protons in the nucleus.

13.	 What is the oxidation state of nitrogen in N2O4?

A.	 −4

B.	 −2

C.	 +2

D.	 +4

14.	 Which compound is an isomer of propanone?

C

H

HH

C
OC

HH

H

A.

C
C

H
H

H
O

C

H

C

H
H

H
H

B.

C
C

H
H

H

H

CH H

H

O
H

C.

O
C

H
H

H

C

H H

C

H

H
H

D.

C
C

H
H

H
H H

C

H

O



Chemistry SL | Paper 1A | May 2025 TZ3 | Q11 | 1 marks

Apollo | Original source crop | 7

– 5 – 2225 – 6222

Turn over

10.	 Which monomer could produce this polymer?

CH CH
CH2

CH CH
CH2

CH CH
CH2CH2 CH2 CH2

A.	 C6H6CH2CH2

B.	 C6H6CHCH2

C.	 C6H5CHCH2

D.	 C6H5CH2CH2

11.	 Which of these elements is in the f-block of the periodic table?

A.	 Ra

B.	 Lu

C.	 Rf

D.	 Nh

12.	 What is the electron configuration of an atom of Cu?

A.	 [Ar]3d9

B.	 [Ar]4s23d9

C.	 [Ar]4s24d9

D.	 [Ar]4s13d10
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13.	 Which pair of elements would react with each other the least vigorously?

A.	 Lithium and fluorine

B.	 Lithium and iodine

C.	 Caesium and fluorine

D.	 Caesium and iodine

14.	 Which compounds contain an atom in a +3 oxidation state?

I.	 NO2
-

II.	 FeCl3

III.	 BrF3

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

15.	 Which functional groups are present in both of these molecules?

H3C

H3C
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N
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N

A.	 Amino and amido

B.	 Amino and alkoxy

C.	 Amino and carbonyl

D.	 Amino and a benzene ring
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14.	 The relative values of the first ionization energies of four elements which have consecutive 
atomic numbers are shown.

An element X reacts with oxygen to form an acidic oxide.

Which element could be X?
Fi
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15.	 Which formula represents an amide?

A.	 C6H5NH2

B.	 CH3CONH2

C.	 (CH3)2NH

D.	 NH2CH2COOH
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8.	 Which allotropes of carbon are electrical conductors?

I.	 Graphite

II.	 Diamond

III.	 Graphene

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

9.	 Which metal has the strongest metallic bond?

A.	 Mg

B.	 Al

C.	 K

D.	 Ga

10.	 Which type of material is a good conductor of heat and electricity in solid and liquid states, 
is insoluble in water, and typically has a high melting point?

A.	 Covalent molecular

B.	 Covalent network

C.	 Ionic

D.	 Metallic

11.	 Which element is a p-block metal?

A.	 Sn

B.	 Te

C.	 Cd

D.	 At

– 5 – 8825 – 6222
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12.	 Which two elements form a compound with the strongest ionic attraction?

A.	 Li and O

B.	 Li and Se

C.	 K and O

D.	 K and Se

13.	 Which oxide is the most basic?

A.	 MgO

B.	 Al2O3

C.	 SiO2

D.	 SO3

14.	 Which compound has the highest boiling point?

A.	 CH3CH2CH2CH3

B.	 CH3CH2CH2CH2CH2CH3

C.	 (CH3)3CCH2CH3

D.	 CH3CH2CH(CH3)CH2CH3

15.	 What is the sum of the coefficients when 1 mol of propan-1-ol, C3H7OH, undergoes 
complete combustion?

__ C3H7OH (l) + __ O2 (g) → __ CO2 (g) + __ H2O (l)

A.	 11.5

B.	 12

C.	 12.5

D.	 13
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12.	 Which two elements form a compound with the strongest ionic attraction?

A.	 Li and O

B.	 Li and Se

C.	 K and O

D.	 K and Se

13.	 Which oxide is the most basic?

A.	 MgO

B.	 Al2O3

C.	 SiO2

D.	 SO3

14.	 Which compound has the highest boiling point?

A.	 CH3CH2CH2CH3

B.	 CH3CH2CH2CH2CH2CH3

C.	 (CH3)3CCH2CH3

D.	 CH3CH2CH(CH3)CH2CH3

15.	 What is the sum of the coefficients when 1 mol of propan-1-ol, C3H7OH, undergoes 
complete combustion?

__ C3H7OH (l) + __ O2 (g) → __ CO2 (g) + __ H2O (l)

A.	 11.5

B.	 12

C.	 12.5

D.	 13
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Section B

Answer all questions. Answers must be written within the answer boxes provided.

1.	 The graph shows the variation of the first ionization energy with atomic radius for periods 2, 
3 and 4 of the periodic table, with the d-block elements omitted.
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(a)	 Annotate the graph with an additional data point, marked with a cross (X), 
for scandium. Use sections 9 and 10 of the data booklet.� [1]

(b)	 Suggest why there might be a link between the two variables in the graph.� [1]
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(This question continues on the following page)
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Section B

Answer all questions. Answers must be written within the answer boxes provided.

1.	 The graph shows the variation of the first ionization energy with atomic radius for periods 2, 
3 and 4 of the periodic table, with the d-block elements omitted.
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(a)	 Annotate the graph with an additional data point, marked with a cross (X), 
for scandium. Use sections 9 and 10 of the data booklet.� [1]

(b)	 Suggest why there might be a link between the two variables in the graph.� [1]
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(Question 1 continued)

(c)	 The graph shows a relationship between first ionization energy and atomic radius.

(i)	 State the type of relationship between the variables.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Compare and contrast the trends shown by the different periods.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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12EP03



Chemistry SL | Paper 1B | Nov 2025 TZ3 | Q1 | 5 marks

Apollo | Original source crop | 14

Please do not write on this page.

Answers written on this page  
will not be marked.

– 4 – 8825 – 6223

12EP04



Chemistry SL | Paper 1B | Nov 2025 TZ3 | Q1 | 5 marks

Apollo | Original source crop | 15

– 5 – 8825 – 6223

Turn over

2.	 A teacher gave the class an experimental assignment to determine the concentration 
of aqueous sodium hydroxide, NaOH, using 2.00 mol dm-3 hydrochloric acid, HCl, 
a thermometer and laboratory glassware.

(a)	 Student A used a 50 cm3 measuring cylinder to make the following mixtures of the two 
solutions in a 125 cm3 conical flask and measured the highest temperature for each mixture.

Volume HCll 
± ± 0.5 / cm3 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0

Volume NaOH 
± ± 0.5 / cm3 50.0 45.0 40.0 35.0 30.0 25.0 20.0 15.0 10.0 5.0 0.0

Temperature 
± ± 1 / °C 22 25 28 30 33 33 32 30 27 25 22

(i)	 Suggest one health and safety risk.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Use a ruler to draw straight lines of best fit through the increase and the decrease 
in temperature to show where they intersect.� [1]
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12.	 Which functional groups are present in this molecule?

A.	 amino, alkoxy, ester

B.	 ether, carboxyl, amino

C.	 carboxyl, alkoxy, ester

D.	 ester, amino, carboxyl

13.	 In which block of the periodic table would element 119 be placed, if it is found in the future?

A.	 s

B.	 p

C.	 d

D.	 f

– 6 –

SPEC/4/CHEMI/SPM/ENG/TZ0/XX

0000 – 6104

14.	 Which is a correct alternative representation of this molecule?

C
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C

Cl

Cl

A.	 C3H6Cl2

B.	
Cl

Cl

C.	 2,2-dichlorobut-1-ene

D.	 CH3CHClC(Cl)=CH2

15.	 The block structure of the periodic table groups elements according to which characteristic?

A.	 atomic number

B.	 atomic mass

C.	 electron configuration

D.	 reactivity

16.	 Which set of conditions describe a reaction in which the reactants are more stable than 
the products?

A.	 endothermic and ∆H negative

B.	 endothermic and ∆H positive

C.	 exothermic and ∆H negative

D.	 exothermic and ∆H positive
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14.	 Which is a correct alternative representation of this molecule?

C
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H

C
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Cl

A.	 C3H6Cl2

B.	
Cl

Cl

C.	 2,2-dichlorobut-1-ene

D.	 CH3CHClC(Cl)=CH2

15.	 The block structure of the periodic table groups elements according to which characteristic?

A.	 atomic number

B.	 atomic mass

C.	 electron configuration

D.	 reactivity

16.	 Which set of conditions describe a reaction in which the reactants are more stable than 
the products?

A.	 endothermic and ∆H negative

B.	 endothermic and ∆H positive

C.	 exothermic and ∆H negative

D.	 exothermic and ∆H positive
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3.	 In a simulation, equal masses of potassium and lithium are added to water and the time 
taken for the metals to fully react is recorded. Five different increasing masses of each metal 
are used, and the reaction is timed.

(a)	 Sketch the graphs on the axes to show the expected results of this experiment.� [2]
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(b)	 Suggest a reason why comparing the time for complete reaction of equal masses is not 
a valid measure of reactivity.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������
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(c)	 Lithium carbide, Li2C2, is one of many compounds of lithium and carbon. Determine the 
percentage covalent character and bonding type in this compound by using sections 9 
and 17 of the data booklet.� [2]
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(Question 3 continued)

(d)	 Draw the Lewis formula of the anion in the salt Li2C2.� [2]

16EP09
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Turn over

4.	 Heptadecane, C17H36, can be extracted from crude oil or cactus plants.

(a)	 Write an equation for the complete combustion of C17H36.� [1]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 The enthalpy of combustion of C17H36 is -11 350 kJ mol-1.

(i)	 Calculate the maximum energy produced when 2.00 g of C17H36 is combusted.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������
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����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(ii)	 Determine the maximum temperature change when 500.0 cm3 of water is heated 
by a 2.00 g sample of C17H36.� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

(iii)	 Outline two assumptions made in the calculation in (b)(ii).� [2]

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������

����������������������������������������������������������������������������������������������������������������������������������������������������
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