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12.	 The following thin-layer chromatogram was obtained from a mixture of naphthalene, C10H8, and 
naphthol, C10H8O. A polar silica was used as the stationary phase, and a non-polar hexane as the 
mobile phase.

OH

NaphtholNaphthalene

Solvent front

x

Base line

y

7 cm

0 cm

What are the position and retardation factor (RF) of naphthalene?

A.	 y and 0.50

B.	 y and 0.58

C.	 x and 0.80

D.	 x and 0.83
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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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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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20.	 Consider this molecule, deca-3,5,7-triene-2,9-dione.

O

O

How many stereoisomers are possible for deca-3,5,7-triene-2,9-dione?

A.	 3

B.	 6

C.	 8

D.	 9

21.	 What is a disadvantage of using infrared (IR) spectroscopy as a technique?

A.	 It cannot detect small atoms like H.

B.	 It can only detect molar mass.

C.	 It alters the chemical structure of the sample.

D.	 It can only identify bonds, not their position.

22.	 Which equation correctly shows both enthalpy of formation, ∆HÖ
f, of a compound and enthalpy of 

combustion, ∆H Öc , of its elements?

A.	 CO(g) + ½O2(g) → CO2(g)

B.	 ½N2(g) + 1½H2(g) → NH3(g)

C.	 2S(s) + 3O2(g) → 2SO3(g)

D.	 H2(g) + ½O2(g) → H2O(l)
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20.	 Consider this molecule, deca-3,5,7-triene-2,9-dione.

O

O

How many stereoisomers are possible for deca-3,5,7-triene-2,9-dione?

A.	 3

B.	 6

C.	 8

D.	 9

21.	 What is a disadvantage of using infrared (IR) spectroscopy as a technique?

A.	 It cannot detect small atoms like H.

B.	 It can only detect molar mass.

C.	 It alters the chemical structure of the sample.

D.	 It can only identify bonds, not their position.

22.	 Which equation correctly shows both enthalpy of formation, ∆HÖ
f, of a compound and enthalpy of 

combustion, ∆H Öc , of its elements?

A.	 CO(g) + ½O2(g) → CO2(g)

B.	 ½N2(g) + 1½H2(g) → NH3(g)

C.	 2S(s) + 3O2(g) → 2SO3(g)

D.	 H2(g) + ½O2(g) → H2O(l)
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20.	 Consider this molecule, deca-3,5,7-triene-2,9-dione.

O

O

How many stereoisomers are possible for deca-3,5,7-triene-2,9-dione?

A.	 3

B.	 6

C.	 8

D.	 9

21.	 What is a disadvantage of using infrared (IR) spectroscopy as a technique?

A.	 It cannot detect small atoms like H.

B.	 It can only detect molar mass.

C.	 It alters the chemical structure of the sample.

D.	 It can only identify bonds, not their position.

22.	 Which equation correctly shows both enthalpy of formation, ∆HÖ
f, of a compound and enthalpy of 

combustion, ∆H Öc , of its elements?

A.	 CO(g) + ½O2(g) → CO2(g)

B.	 ½N2(g) + 1½H2(g) → NH3(g)

C.	 2S(s) + 3O2(g) → 2SO3(g)

D.	 H2(g) + ½O2(g) → H2O(l)
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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?

P
ot

en
tia

l e
ne

rg
y

Products

Reactants

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

H3C

H3C

N N

O

CH3

N
H

F

O

N

N

A.	 Amino and amido

B.	 Amino and alkoxy

C.	 Amino and carbonyl

D.	 Amino and a benzene ring

18.	 What is the identity of the alcohol with the molecular formula C4H9OH, with four peaks in the ratio 
6:2:1:1 in its 1H NMR spectrum?

A.	 Butan-1-ol

B.	 Butan-2-ol

C.	 2-methylpropan-1-ol

D.	 2-methylpropan-2-ol
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17.	 Which functional groups are present in both of these molecules?

H3C

H3C

N N

O

CH3

N
H

F

O

N

N

A.	 Amino and amido

B.	 Amino and alkoxy

C.	 Amino and carbonyl

D.	 Amino and a benzene ring

18.	 What is the identity of the alcohol with the molecular formula C4H9OH, with four peaks in the ratio 
6:2:1:1 in its 1H NMR spectrum?

A.	 Butan-1-ol

B.	 Butan-2-ol

C.	 2-methylpropan-1-ol

D.	 2-methylpropan-2-ol

– 8 – 2225 – 6219

19.	 How many chiral centres are there in the following molecule?

HO

O

OH

O

O O

H

HH

A.	 2

B.	 3

C.	 4

D.	 5

20.	 Which statement about an exothermic reaction is correct?

A.	 Temperature decreases and the products have higher enthalpy than the reactants.

B.	 Temperature decreases and the products have lower enthalpy than the reactants.

C.	 Temperature increases and the products have higher enthalpy than the reactants.

D.	 Temperature increases and the products have lower enthalpy than the reactants.

21.	 The energy from burning 0.321 g of methanol causes the temperature of 200 cm3 of water to rise by 
5.00 K. What is the enthalpy of combustion of the methanol in kJ mol-1?

Specific heat capacity of water: 4.18 J g-1 K-1, M r methanol = 32.05 g mol-1

Q = mc ∆ T

A.	 -417

B.	 -579

C.	 -23 200

D.	 -417 000



Chemistry HL | Paper 1A | May 2025 TZ3 | Q19 | 1 marks

Apollo | Original source crop | 11

– 8 – 2225 – 6219

19.	 How many chiral centres are there in the following molecule?

HO

O

OH

O

O O

H

HH

A.	 2

B.	 3

C.	 4

D.	 5

20.	 Which statement about an exothermic reaction is correct?

A.	 Temperature decreases and the products have higher enthalpy than the reactants.

B.	 Temperature decreases and the products have lower enthalpy than the reactants.

C.	 Temperature increases and the products have higher enthalpy than the reactants.

D.	 Temperature increases and the products have lower enthalpy than the reactants.

21.	 The energy from burning 0.321 g of methanol causes the temperature of 200 cm3 of water to rise by 
5.00 K. What is the enthalpy of combustion of the methanol in kJ mol-1?

Specific heat capacity of water: 4.18 J g-1 K-1, M r methanol = 32.05 g mol-1

Q = mc ∆ T

A.	 -417

B.	 -579

C.	 -23 200

D.	 -417 000
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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.
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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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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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19.	 Which pair of compounds represents the correct type of isomerism?

Type of isomerism Pair of compounds

A. Chain H3C CH2 CH2 CH3 and H2C CH2

CH3

CH3

and

B. Functional group
O CH2 CH3 andCH2H3C CH CH2 CH3H3C

OH
and

C. Positional
O C CH3CH2H3C C CH2 CH3O

O

CH2H

O
and

D. Cis-trans C and

H

H3C

C

H

CH3

C

H3C

H3C

C

H

H

andC and

H

H3C

C

H

CH3

C

H3C

H3C

C

H

H

20.	 The potential energy profile of a reaction is shown.

P
ot

en
tia

l e
ne

rg
y

Reaction coordinate

Reactants

Products

Which reaction has this energy profile?

A.	 N2 (g) + O2 (g)  2NO (g)

B.	 2H (g)  H2 (g)

C.	 NaOH (aq) + HCl (aq) → NaCl (aq) + H2O (l)

D.	 CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (l)

H3C CH2 CH2 CH3 and H2C CH2

CH3

CH3

O CH2 CH3 andCH2H3C CH CH2 CH3H3C

OH

O C CH3CH2H3C C CH2 CH3O

O

CH2H

O
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19.	 Which pair of compounds represents the correct type of isomerism?

Type of isomerism Pair of compounds

A. Chain H3C CH2 CH2 CH3 and H2C CH2

CH3

CH3

and

B. Functional group
O CH2 CH3 andCH2H3C CH CH2 CH3H3C

OH
and

C. Positional
O C CH3CH2H3C C CH2 CH3O

O

CH2H

O
and

D. Cis-trans C and

H

H3C

C

H

CH3

C

H3C

H3C

C

H

H

andC and

H

H3C

C

H

CH3

C

H3C

H3C

C

H

H

20.	 The potential energy profile of a reaction is shown.
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Reactants

Products

Which reaction has this energy profile?

A.	 N2 (g) + O2 (g)  2NO (g)

B.	 2H (g)  H2 (g)

C.	 NaOH (aq) + HCl (aq) → NaCl (aq) + H2O (l)

D.	 CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (l)

H3C CH2 CH2 CH3 and H2C CH2

CH3

CH3

O CH2 CH3 andCH2H3C CH CH2 CH3H3C

OH

O C CH3CH2H3C C CH2 CH3O

O

CH2H

O
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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

– 7 – 8825 – 6219

Turn over

18.	 What is the IUPAC name of this compound?

O
H

O

A.	 3-methylpent-2-enoic acid

B.	 3-ethylbut-2-enoic acid

C.	 2-ethylbut-2-en-4-oic acid

D.	 2-methylpent-3-en-5-oic acid

19.	 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

20.	 Consider these equations:

S (s) + O2 (g) → SO2 (g) ∆HÀ = x kJ mol-1

2SO2 (g) + O2 (g) → 2SO3 (g) ∆HÀ = y kJ mol-1

What is the value of ∆HÀ, in kJ mol-1, for this reaction?

S (s) +  3
2

 O2 (g) → SO3 (g)

A.	 x + y

B.	 x +  1
2

 y

C.	 x −  1
2

 y

D.	 x − y
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18.	 What is the IUPAC name of this compound?

O
H

O

A.	 3-methylpent-2-enoic acid

B.	 3-ethylbut-2-enoic acid

C.	 2-ethylbut-2-en-4-oic acid

D.	 2-methylpent-3-en-5-oic acid

19.	 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

20.	 Consider these equations:

S (s) + O2 (g) → SO2 (g) ∆HÀ = x kJ mol-1

2SO2 (g) + O2 (g) → 2SO3 (g) ∆HÀ = y kJ mol-1

What is the value of ∆HÀ, in kJ mol-1, for this reaction?

S (s) +  3
2

 O2 (g) → SO3 (g)

A.	 x + y

B.	 x +  1
2

 y

C.	 x −  1
2

 y

D.	 x − y
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4. Another ester was made following a similar reaction sequence.

(a) The infrared spectrum of the final product is shown below.

1.0

0.8

0.6
0.4

0.2

0.0

Tr
an

sm
itt

an
ce

3500 3000
Wavenumbers (cm-1)

2500 2000 1500 1000 500

[Source: Used with permission. © United States of America as represented by the Secretary of Commerce.]

(i) Deduce the identity of two peaks that confirm the product is an ester. Use section 
20 of the data booklet. [2]

Peak 1 wavenumber:  . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Peak 2 wavenumber:  . . . . . . . . . . . . . . . . . . . . . . . . . . . 

bond:  . . . . . . . . . . . . . . . . . . . . .

bond:  . . . . . . . . . . . . . . . . . . . . .

(ii) Deduce the absorption ranges and the bond(s) responsible for these absorptions 
that would be present in the IR spectra of alcohols and the carboxylic acids but 
not in the IR spectrum in part (a). Use section 20 of the data booklet. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(b) The mass spectrum shows a molecular ion peak with m/z 102.

(i) Deduce the molecular formula of this ester if it contains no multiple C–C bonds or 
rings. Use section 7 of the data booklet. [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(This question continues on the following page)

20EP16
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(Question 4 continued)

The high-resolution 1H NMR spectrum of the ester is shown. The integration is indicated 
above the signals on the trace.

05 4 3 2 1
PPM

2 2

3 3

(ii)	 Deduce the identity of the ester. Use section 21 on the data booklet.� [1]

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

��������������������������������������������������������������������������������������������������������������������������������������������������
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5. Transition elements are known for having multiple oxidation states, forming coloured 
compounds and acting as catalysts. The existence of variable oxidation states means many 
are used in rechargeable batteries, also known as secondary cells.

(a) (i)  A common rechargeable battery is the nickel-cadmium, NiCd, battery where the 
two reactions during discharge are as follows.

Cd (s) + 2OH- (aq)  Cd (OH) 2(s) + 2e-

2NiO (OH) (s) + 2H2O (l) + 2e-
 2Ni (OH) 2(s) + 2OH- (aq)

Deduce the overall cell equation. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) Simple cells rely on differences in standard electrode potential values between 
different elements and their ions. The following is an incomplete diagram for 
measuring a cell potential between Mn2+ (aq) / Mn and Ni2+ (aq) / Ni half-cells.

Draw the missing components and fully label the diagram to show how the cell 
potential can be measured. [3]

Anode Cathode

(iii) Calculate the standard cell potential, E
cell, for this cell. Use section 19 of the 

data booklet. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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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
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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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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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19.	 Which is the mass spectrum of butanal?

A.	
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20.	 The potential energy profile for a “coffee cup” calorimetry experiment is shown.

Thermometer

Coffee cup calorimeter

Reactants

Products

Reaction coordinate 

P
ot

en
tia

l e
ne

rg
y

What is the correct interpretation of this reaction?

Temperature Type of reaction

A. increases exothermic

B. increases endothermic

C. decreases exothermic

D. decreases endothermic
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19.	 Which is the mass spectrum of butanal?

A.	
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20.	 The potential energy profile for a “coffee cup” calorimetry experiment is shown.

Thermometer

Coffee cup calorimeter

Reactants

Products

Reaction coordinate 

P
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What is the correct interpretation of this reaction?

Temperature Type of reaction

A. increases exothermic

B. increases endothermic

C. decreases exothermic

D. decreases endothermic


