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13.	 Kekulé suggested a structure of benzene with alternating single and double bonds. 
Which piece of evidence disproves this structure?

A.	 Benzene has the formula C6H6.

B.	 Benzene is an unsaturated molecule.

C.	 All C–C bonds have the same length.

D.	 Benzene can be hydrogenated.

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.	 Kekulé suggested a structure of benzene with alternating single and double bonds. 
Which piece of evidence disproves this structure?

A.	 Benzene has the formula C6H6.

B.	 Benzene is an unsaturated molecule.

C.	 All C–C bonds have the same length.

D.	 Benzene can be hydrogenated.

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).



Chemistry HL | Paper 1A | May 2025 TZ1 | Q16 | 1 marks

Apollo | Original source crop | 4

– 8 – 2225 – 6207

13.	 Kekulé suggested a structure of benzene with alternating single and double bonds. 
Which piece of evidence disproves this structure?

A.	 Benzene has the formula C6H6.

B.	 Benzene is an unsaturated molecule.

C.	 All C–C bonds have the same length.

D.	 Benzene can be hydrogenated.

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.	 The volume of a container filled with a fixed amount of gas is increased by 100 % at constant 
temperature. How does this affect the pressure in a container? pV = nRT

A.	 Pressure increases by 100 %

B.	 Pressure decreases by 100 %

C.	 Pressure increases by 50 %

D.	 Pressure decreases by 50 %

18.	 Which statement explains why transition elements have variable oxidation states?

A.	 d-Electrons are delocalized.

B.	 All have a +2 oxidation state.

C.	 They can accept electron pairs from ligands.

D.	 Successive ionization energies are close in value.
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17.	 The volume of a container filled with a fixed amount of gas is increased by 100 % at constant 
temperature. How does this affect the pressure in a container? pV = nRT

A.	 Pressure increases by 100 %

B.	 Pressure decreases by 100 %

C.	 Pressure increases by 50 %

D.	 Pressure decreases by 50 %

18.	 Which statement explains why transition elements have variable oxidation states?

A.	 d-Electrons are delocalized.

B.	 All have a +2 oxidation state.

C.	 They can accept electron pairs from ligands.

D.	 Successive ionization energies are close in value.
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19.	 Which oxygen-containing molecule has this low-resolution 1H NMR spectrum?

Removed for copyright reasons

A.	 Butanoic acid

B.	 Ethyl ethanoate

C.	 Methyl propanoate

D.	 Butanone
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4.	 What is the group number of the element whose successive ionization energies are shown?
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A.	 1

B.	 2

C.	 13

D.	 14

5.	 What is the empirical formula of a compound with the following composition by mass?

C = 37.5 % H = 12.5 % O = 50.0 %

A.	 C4H12O5

B.	 C3H12O3

C.	 C3HO4

D.	 CH4O
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11.	 Which monomer produces this addition polymer?

C C

H H

C

H

n

HH H

A.

C

H
H

H
C

H

C

H

C

H

H

H

B.

C

H
H

H
C

C

H

C

H

H

H H

C.

C
H

H

C
C

H

H
H

H

D.

C

H

C
C

H

H

H C

H

H

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.

– 7 – 2225 – 6213
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13.	 Which part of the periodic table contains elements which are likely to form acidic oxides only?

A.

D.

B.

C.

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

A.	 −4

B.	 −2

C.	 +2

D.	 +4

15.	 Which properties are typical of transition elements?

I.	 Low melting points

II.	 Formation of coloured compounds

III.	 Variable oxidation states

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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13.	 Which part of the periodic table contains elements which are likely to form acidic oxides only?

A.

D.

B.

C.

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

A.	 −4

B.	 −2

C.	 +2

D.	 +4

15.	 Which properties are typical of transition elements?

I.	 Low melting points

II.	 Formation of coloured compounds

III.	 Variable oxidation states

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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13.	 Which part of the periodic table contains elements which are likely to form acidic oxides only?

A.

D.

B.

C.

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

A.	 −4

B.	 −2

C.	 +2

D.	 +4

15.	 Which properties are typical of transition elements?

I.	 Low melting points

II.	 Formation of coloured compounds

III.	 Variable oxidation states

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

– 8 – 2225 – 6213

16.	 What is the electron configuration of the Cr2+ ion?

A.	 [Ar] 4s23d2

B.	 [Ar] 4s13d5

C.	 [Ar] 3d4

D.	 [Ar] 3d5

17.	 Which compound shows cis-trans isomerism?

A.	

F

F

B.	

F

F

C.	 H2C=CF2

D.	 HFC=CF2

18.	 What is the correct interpretation of this energy profile?
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Reaction coordinate

Relative stability Temperature of surroundings

A. reactants more stable than products decreases

B. reactants more stable than products increases

C. reactants less stable than products decreases

D. reactants less stable than products increases
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10.	 What is the hybridization of carbon and oxygen in CO 2 3 ?

C O

A. sp2 sp3

B. sp2 sp2

C. sp3 sp2

D. sp3 sp

11.	 Which answer shows the correct order of metallic bond strength from strongest to weakest?

A.	 Al > Mg > Na > K

B.	 Al > Mg > K > Na

C.	 Na > K > Mg > Al

D.	 K > Na > Mg > Al

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

A.	 Ra

B.	 Lu

C.	 Rf

D.	 Nh

13.	 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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14.	 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

15.	 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

16.	 Which statement correctly explains the violet colour of the complex ion [Cu (NH3) 4 (H2O)2]
2+, 

formed when copper(II) sulfate reacts with an excess of ammonia?

A.	 Violet light is released as electrons move from higher to lower energy levels.

B.	 Violet light is absorbed as electrons move from lower to higher energy levels.

C.	 Yellow light is released as electrons move from higher to lower energy levels.

D.	 Yellow light is absorbed as electrons move from lower to higher energy levels.
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13.	 What is the IUPAC name of the molecule below?

O

A.	 2-ethyl-4-methylpentan-3-one

B.	 4-ethyl-2-methylpentan-3-one

C.	 2,4-dimethylhexan-3-one

D.	 3,5-dimethylhexan-4-one

14.	 What are the oxidation states of the elements in Na2CrO4?

Sodium Chromium Oxygen

A. +1 +6 -1

B. +2 +3 -1

C. +1 +6 -2

D. +2 +3 -2

15.	 Which statement is correct for the group 17 elements from fluorine to iodine?

A.	 The elements become more volatile.

B.	 The hydrides of the elements become more acidic.

C.	 The elements become more reactive.

D.	 The bond between the halogen atoms becomes less polar.

– 8 – 8825 – 6207

16.	 Which aqueous solution of an ion is likely to be coloured based on the electron configuration of 
that ion?

A.	 Ni2+

B.	 Sc3+

C.	 Cu+

D.	 Zn2+

17.	 Which molecule contains a chiral centre?

A.	 CH3CH(CH3)CHO

B.	 CH3CHClCH2CH3

C.	 CH3C(CH3)2OH

D.	 ClCH2CH2COOH

18.	 What is the low-resolution 1H NMR spectrum of ethanal?

9

B.

11 10 9 8 7 6 5 4 3 2 1 0
Chemical shift/ppm

11 10 9 8 7 6 5 4 3 2 1 0
Chemical shift/ppm

11 10 8 7 6 5 4 3 2 1 0
Chemical shift/ppm

A.

11 10 9 8 7 6 5 4 3 2 1 0
Chemical shift/ppm

C. D.
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11.	 How many π (pi) and σ (sigma) bonds are there in but-2-enenitrile, CH3CHCHCN?

N

ππ, pi σσ, sigma

A. 5 2

B. 5 7

C. 3 4

D. 3 9

12.	 Which element is a p-block metal?

A.	 Sn

B.	 Te

C.	 Cd

D.	 At

13.	 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

14.	 Which oxide is the most basic?

A.	 MgO

B.	 Al2O3

C.	 SiO2

D.	 SO3
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11.	 How many π (pi) and σ (sigma) bonds are there in but-2-enenitrile, CH3CHCHCN?

N

ππ, pi σσ, sigma

A. 5 2

B. 5 7

C. 3 4

D. 3 9

12.	 Which element is a p-block metal?

A.	 Sn

B.	 Te

C.	 Cd

D.	 At

13.	 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

14.	 Which oxide is the most basic?

A.	 MgO

B.	 Al2O3

C.	 SiO2

D.	 SO3

– 6 – 8825 – 6219

15.	 Which statements best explain why copper(II) ions, Cu2+ (aq), are blue in aqueous solution?

I.	 Copper(II) ions absorb orange light.

II.	 Blue light is emitted as electrons move to lower orbitals.

III.	 Electrons are promoted between d-orbitals.

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

16.	 Which compound has the highest boiling point?

A.	 CH3CH2CH2CH3

B.	 CH3CH2CH2CH2CH2CH3

C.	 (CH3)3CCH2CH3

D.	 CH3CH2CH(CH3)CH2CH3

17.	 Which compounds could exist as stereoisomers?

I.	 CH2CClBr

II.	 CHBrICl

III.	 CHBrCClBr

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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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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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, 
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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]
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(ii)	 Compare and contrast the trends shown by the different periods.� [2]
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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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(This question continues on the following page)
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Section A

1.	 What is thin-layer chromatography best used for separating?

A.	 molecules of varying polarity

B.	 molecules of similar polarity

C.	 metals in an alloy

D.	 water of crystallization from hydrated salts

2.	 Ice containing only the isotope 2H sinks and does not melt when dropped into ordinary 
distilled water maintained at 3 C.

Which statement is correct?

A.	 The isotope 2H has a high natural abundance.

B.	 2H2O (s) has a higher melting point than normal ice.

C.	 2H2O (s) has a lower density than normal ice-cold water.

D.	 2H2O has different chemical properties from normal water.

3.	 The table lists successive ionization energies of an element Z.

Ionization number 1st 2nd 3rd 4th 5th 6th 

Ionization energy / kJ mol−−1 577.54 1816.68 2744.78 11 577.5 14 841.9 18 379.0

Which is the formula of the stable oxide of the element Z?

A.	 Z2O

B.	 ZO

C.	 Z2O3

D.	 ZO2

– 3 –
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4.	 A container holds 30 g of argon and 60 g of neon.

What is the ratio of number of atoms of argon to number of atoms of neon in the container?

A.	 0.25

B.	 0.50

C.	 2.0

D.	 4.0

5.	 A gas storage tank of fixed volume V contains N molecules of an ideal gas at 300 K with a 

pressure of 40 kPa. N
4

 molecules are removed, and the temperature is changed to 450 K.

What is the new pressure of the gas in kPa?

A.	 15

B.	 30

C.	 45

D.	 60

6.	 What is the formula of the compound formed between magnesium ions and 
hydrogencarbonate ions?

A.	 MgHCO3

B.	 Mg(HCO3)2

C.	 Mg(HCO3)3

D.	 Mg3(HCO3)2

7.	 In which group of ions and molecules are electrons delocalized in all species?

A.	 CH3COOH, O3, C60

B.	 CH3COO−, NO2
−, C(graphite)

C.	 C2H2, (COOH)2, C(diamond)

D.	 C2H4, NO2
+, SiO2
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12.	 The structure shows the repeating unit of a polymer found in some plastics.

CH2 C

CH3

CH3

Which monomer is used to form this plastic?

A.	 H2C=C(CH3)2

B.	 CH3CH(CH3)2

C.	 (H3C)2C=C(CH3)2

D.	 (H3C)2C=CHCH(CH3)2

13.	 Why is copper(II) sulfate blue?

A.	 Red light is absorbed when electrons are promoted between the orbitals in the split 
d-sublevels.

B.	 Blue light is emitted when electrons fall between the orbitals in the split d-sublevels.

C.	 Red light is absorbed when electrons fall between the orbitals in the split d-sublevels.

D.	 Blue light is emitted when electrons are promoted between the orbitals in the split 
d-sublevels.

14.	 Which molecule has a carbonyl functional group?

A.	 CH3OCH3

B.	 CH3COCH3

C.	 CH3CH2OH

D.	 CH3CH2NH2

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
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Turn over

12.	 The structure shows the repeating unit of a polymer found in some plastics.

CH2 C

CH3

CH3

Which monomer is used to form this plastic?

A.	 H2C=C(CH3)2

B.	 CH3CH(CH3)2

C.	 (H3C)2C=C(CH3)2

D.	 (H3C)2C=CHCH(CH3)2

13.	 Why is copper(II) sulfate blue?

A.	 Red light is absorbed when electrons are promoted between the orbitals in the split 
d-sublevels.

B.	 Blue light is emitted when electrons fall between the orbitals in the split d-sublevels.

C.	 Red light is absorbed when electrons fall between the orbitals in the split d-sublevels.

D.	 Blue light is emitted when electrons are promoted between the orbitals in the split 
d-sublevels.

14.	 Which molecule has a carbonyl functional group?

A.	 CH3OCH3

B.	 CH3COCH3

C.	 CH3CH2OH

D.	 CH3CH2NH2

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
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16.	 Which d block element has the highest number of different oxidation states?	

A.	 Ti

B.	 Mn

C.	 Cu

D.	 Zn

17.	 What do all greenhouse gases have in common?

A.	 They are emitted by the burning of fossil fuels.

B.	 They absorb ultraviolet radiation.

C.	 They are symmetrical molecules with no polar bonds.

D.	 They absorb infrared radiation.

18.	 Which is the 1H NMR spectrum of cyclohexane?

A.	

8 6 4 2 0
Chemical shift / ppm

B.	

8 6 4 2 0
Chemical shift / ppm

C.	

8 6 4 2 0
Chemical shift / ppm

D.	

8 6 4 2 0
Chemical shift / ppm
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16.	 Which d block element has the highest number of different oxidation states?	

A.	 Ti

B.	 Mn

C.	 Cu

D.	 Zn

17.	 What do all greenhouse gases have in common?

A.	 They are emitted by the burning of fossil fuels.

B.	 They absorb ultraviolet radiation.

C.	 They are symmetrical molecules with no polar bonds.

D.	 They absorb infrared radiation.

18.	 Which is the 1H NMR spectrum of cyclohexane?

A.	

8 6 4 2 0
Chemical shift / ppm

B.	

8 6 4 2 0
Chemical shift / ppm

C.	

8 6 4 2 0
Chemical shift / ppm

D.	

8 6 4 2 0
Chemical shift / ppm


