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SECTION - Relative masses and the mole

Q1  -  Easy 9701/11/O/N/21/Q1

Q2  -  Easy 9701/12/O/N/21/Q2

2 

© UCLES 2021 9701/11/O/N/21  

Section A 
 
For each question there are four possible answers A, B, C and D. Choose the one you consider to be 
correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 The mass spectrum of a sample of neon is shown. The relative abundance of each peak is 

written in brackets above it. 
 

relative
abundance

mass
charge

20 21 22

(100)

(0.3)
(8)

 
 

What is the relative atomic mass, Ar, of this sample of neon? 

A 20.15 B 20.20 C 21.00 D 21.82 
 
 
2 2.0 g of ammonium nitrate, NH4NO3, decomposes to give 0.90 g of water and a single gas. 
 

What is the identity of the gas? 

A NO B NO2 C N2O D N2 
 
 
3 Which of these elements has the highest fifth ionisation energy? 

A C B N C P D Si 
 
 
4 The ion X2+ has the same electronic configuration as the atom Kr. 
 

What is the electronic configuration of an atom of X? 

A [Ar] 4s23d104p6 

B [Ar] 4s23d104p65s2 

C [Ar] 4s24d104p6 

D [Ar] 4s24d104p65s2 
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Section A 
 
For each question there are four possible answers A, B, C and D. Choose the one you consider to be 
correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 Compound X consists of 40.0% carbon, 6.7% hydrogen and 53.3% oxygen by mass. 
 

What is the empirical formula of compound X? 

A CH2O B C2H2O C C2H4O D CHO 
 
 
2 Which statement is correct? 

A 1.0 g of hydrogen gas contains 3.0  1023 atoms. 

B 4.0 g of helium gas contains 1.2  1024 atoms. 

C 16 g of methane gas contains 3.0  1024 atoms. 

D 44 g of carbon dioxide gas contains 6.0  1023 atoms. 
 
 
3 Technetium (Tc) is a second row transition element that does not occur naturally on Earth. One of 

its isotopes has 56 neutrons. 
 

What is the nucleon number of this isotope? 

A 43 B 56 C 99 D 112 
 
 
4 Which atom has more unpaired electrons than paired electrons in orbitals of principal quantum 

number 2? 

A carbon 

B nitrogen 

C oxygen 

D fluorine 
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SECTION - Relative masses and the mole

Q3  -  Easy 9701/12/F/M/23/Q11

Q4  -  Easy 9701/11/M/J/23/Q10

Q5  -  Easy 9701/11/O/N/24/Q4

Under which conditions will nitrogen behave most like an ideal gas?9

pressuretemperature

highlowA

lowhighB

lowlowC

highhighD

The equation for a chemical reaction is shown. All substances are in their standard states.

XeF6 + 3H2O → XeO3 + 6HF

Which statement describes the standard enthalpy change of reaction for this reaction?

10

the enthalpy change when a total of one mole of products is producedA

the enthalpy change when a total of one mole of reactants is reactedB

the enthalpy change when one mole of water reactsC

the enthalpy change when six moles of hydrogen fluoride are producedD

Molten aluminium chloride has a simplemolecular structure. Eachmolecule consists of two aluminium

atoms and six chlorine atoms.

Which statement is correct?

11

All the chlorine atoms in 1g of molten aluminium chloride have the same mass.A

One mole of molten aluminium chloride contains 6.02 × 10
23
aluminium atoms.B

One mole of molten aluminium chloride contains 3.61 × 10
24
chlorine atoms.C

The empirical formula of molten aluminium chloride is Al 2Cl 6.D

Which atom contains four times as many neutrons as the atom?12

DCBA

Which statement about the first ionisation energies of magnesium and neon is correct?13

Magnesium has the greater numerical value and both are endothermic.A

Magnesium has the greater numerical value and both are exothermic.B

Neon has the greater numerical value and both are endothermic.C

Neon has the greater numerical value and both are exothermic.D

5
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Bromine reacts with aqueous sodium hydroxide at 25°C.

reaction 1 Br2(aq) + 2NaOH(aq) → NaBr(aq) + NaOBr(aq) + H2O(l)

The NaOBr formed is unstable at 25°C and reacts further.

reaction 2 3NaOBr(aq) → 2NaBr(aq) + NaBrO3(aq)

Which reactions are disproportionations?

9

both reaction 1 and reaction 2A

neither reaction 1 nor reaction 2B

reaction 1 onlyC

reaction 2 onlyD

Which statement is correct?10

The relative atomic mass of a 35Cl atom is 35.5.A

The relative formula mass of CaCO3 is 100.1.B

The relative isotopic mass of a 24Mg atom is 24.3.C

The relative molecular mass of O2 is 16.0.D

Iodine and propanone react according to the following equation.

I2(aq) + CH3COCH3(aq) → CH3COCH2I(aq) + HI(aq)

If the concentration of propanone is increased, keeping the total reaction volume constant, the
initial rate of the reaction also increases.

What could be the reason for this?

11

A greater proportion of collisions are successful at the higher concentration.A

The particles are further apart at the higher concentration.B

The particles have more energy at the higher concentration.C

There are more collisions per second between particles at the higher concentration.D

5
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1 In this question Q is used to represent a halogen atom. 
 

Magnesium and calcium each form a compound with chlorine and a compound with bromine. 
 

One of these compounds contains: 
 

● the element in Group 2 with the higher first ionisation energy and 

● the element in Group 17 with the higher Q–Q bond energy. 
 

What is the formula of this compound? 

A MgCl 2 B MgBr2 C CaCl 2 D CaBr2 
 
 
2 Compound X contains two elements, Y and Z. 
 

Element Y is in Period 2 of the Periodic Table. In one atom of element Y, the p sub-shell has all 
three orbitals occupied; only one of these three orbitals is fully occupied. 

 
Element Z is in Period 3 of the Periodic Table. In one atom of element Z, the p sub-shell has only 
two orbitals occupied. 

 
What is the formula of compound X? 

A CCl 4 B SiCl 4 C SiO2 D SO2 
 
 
3 Glauber’s salt consists of crystals of hydrated sodium sulfate, Na2SO4•xH2O, which can be used 

for the manufacture of detergents. 
 

When a sample of Glauber’s salt was heated, 1.91 g of water was removed leaving 1.51 g of 
anhydrous Na2SO4. 

 
What is the value of x in Na2SO4•xH2O? 

A 1 B 8.85 C 10 D 11.25 
 
 
4 What contains the greatest number of the named particles? 

A 6.0 dm3 of argon atoms at room conditions 

B 6.0 g of carbon dioxide molecules 

C 6.0 g of magnesium atoms 

D 6.0 g of water molecules 
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SECTION - Relative masses and the mole

Q6  -  Easy 9701/11/O/N/25/Q3

2 

© UCLES 2025 9701/11/O/N/25  

1 What is the electronic configuration for the particle ?A +27
13 l  

A 1s22s22p63s13p1 

B 1s22s22p63s2 

C 1s22s22p63s23p2 

D 1s22s22p63s23p63d74s1 
 
 
2 The data in the table gives the 5th to the 10th ionisation energies of three elements from Period 3 

of the Periodic Table. 
 

element 
ionisation energy / kJ mol–1 

5th 6th 7th 8th 9th 10th 

X 6274 21 269 25 398 29 855 35 868 40 960 

Y 7012 8 496 27 107 31 671 36 579 43 140 

Z 6542 9 362 11 018 33 606 38 601 43 963 
 

What are the correct identities of these three elements? 
 

 element X element Y element Z 

A Na Mg Al 

B Mg Al Si 

C P S Cl 

D S Cl Ar 
 
 
3 What contains 9.03  1023 oxygen atoms? 

A 0.25 mol aluminium oxide 

B 0.75 mol sulfur dioxide 

C 1.5 mol sulfur trioxide 

D 3.0 mol water 
 
 
4 Methane and steam react to produce hydrogen. 
 

CH4(g)  +  2H2O(g)    CO2(g)  +  4H2(g) 
 

0.80 g of methane and 1.35 g of steam react. One of the reactants is used up. 
 

Which volume of hydrogen, measured at room conditions, will be produced? 

A 1.80 dm3 B 3.60 dm3 C 4.80 dm3 D 7.20 dm3 
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SECTION - Formulas, equations and hydrated compounds

Q7  -  Easy 9701/12/O/N/21/Q1

Q8  -  Hard 9701/12/F/M/21/Q4

Q9  -  Hard 9701/12/F/M/22/Q3

Q10  -  Easy 9701/12/F/M/24/Q3
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Section A 
 
For each question there are four possible answers A, B, C and D. Choose the one you consider to be 
correct. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 Compound X consists of 40.0% carbon, 6.7% hydrogen and 53.3% oxygen by mass. 
 

What is the empirical formula of compound X? 

A CH2O B C2H2O C C2H4O D CHO 
 
 
2 Which statement is correct? 

A 1.0 g of hydrogen gas contains 3.0  1023 atoms. 

B 4.0 g of helium gas contains 1.2  1024 atoms. 

C 16 g of methane gas contains 3.0  1024 atoms. 

D 44 g of carbon dioxide gas contains 6.0  1023 atoms. 
 
 
3 Technetium (Tc) is a second row transition element that does not occur naturally on Earth. One of 

its isotopes has 56 neutrons. 
 

What is the nucleon number of this isotope? 

A 43 B 56 C 99 D 112 
 
 
4 Which atom has more unpaired electrons than paired electrons in orbitals of principal quantum 

number 2? 

A carbon 

B nitrogen 

C oxygen 

D fluorine 
 
 

3  
 

© UCLES 2021 9701/12/F/M/21 [Turn over 

4 Originally, chemists thought indium oxide had the formula InO. By experiment they showed that 
4.8 g of indium combined with 1.0 g of oxygen to produce 5.8 g of indium oxide. The Ar of oxygen 
was known to be 16. 

 
Which value for the Ar of indium is calculated using these data? 

A 38 B 77 C 115 D 154 
 
 
5 In which substance are the only intermolecular forces temporary dipole-induced dipole 

attractions? 

A hydrogen chloride 

B methanol 

C octane 

D water 
 
 
6 A solution contains 0.25 g of sulfur dioxide in 1.00 dm3 of water. 
 

Which volume of sulfur dioxide, measured at 50 C and a pressure of 1  105
 Pa, must be added 

to 1.00 dm3 of water to produce this solution? 

A 0.0162 cm3 B 0.105 cm3 C 16.2 cm3 D 105 cm3 

 
 
7 An experiment was performed to determine the enthalpy of combustion of ethanol. 
 

thermometer

test-tube

water

spirit burner
ethanol

 
 

The data collected are shown. 
 

mass of water = W g 

mass of ethanol burned = X g 

temperature rise = Y C 

molar mass of ethanol = Z g mol–1 

specific heat capacity of water = 4.2 J K–1
 g–1 

 
Which expression can be used to calculate the enthalpy of combustion of ethanol in kJ mol–1? 

A 4.2
1000

WYZ
X

  B 4.2
1000

WYX
Z

  C 4.2
1000

XYZ
W

  D (4.2 273)
1000
X Y Z

W
   
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1 The first ionisation energy of potassium, K, is 418 kJ mol–1. The first ionisation energy of 
strontium, Sr, is 548 kJ mol–1. 

 
Which statement helps to explain why Sr has a greater first ionisation energy than K? 

A The charge on a Sr nucleus is greater than the charge on a K nucleus. 

B The outer electron in a Sr atom experiences greater shielding than the outer electron in a K 
atom. 

C The outer electron in a Sr atom experiences spin-pair repulsion. 

D The outer electron in a Sr atom is further from the nucleus than the outer electron in a K 
atom. 

 
 
2 What is the electronic configuration of Mg2+? 

A 1s2 2s2 2p6 

B 1s2 2s2 2p6 3s2 

C 1s2 2s2 2p6 3s2 3p2 

D 1s2 2s2 2p6 3s2 3p6 3d2 4s2 

 
 
3 Compound X contains the elements C, H and O only. 
 

2.00 g of X produces 4.00 g of carbon dioxide and 1.63 g of water when completely combusted. 
 

What is the empirical formula of X? 

A CHO2 B C2H2O C C2H4O D CH2O2 
 
 
4 For which molecule is the dipole moment zero? 

A CH3Cl B CH2Cl 2 C CHCl 3 D CCl 4 
 
 

2 
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1 Which species contains the same number of neutrons as C14
6  and the same number of electrons 

as ?Na23
11

  

A F17
9  B –316

7N  C Ne20
10  D –216

8 O  
 
 
2 Which process has the largest enthalpy change per mole? 

A Al 3+(g)    Al 4+(g)  +  e– 

B P5+(g)    P6+(g)  +  e– 

C S6+(g)    S7+(g)  +  e– 

D Si4+(g)    Si5+(g)  +  e– 

 
 
3 Which sodium compound contains 74.2% by mass of sodium? 

A sodium carbonate 

B sodium chloride 

C sodium hydroxide 

D sodium oxide 
 
 
4 What is the maximum volume of sulfur dioxide gas measured at room conditions produced from 

burning 100 dm3 of diesel fuel containing 0.8346 g of sulfur? 

A 291 cm3 B 312 cm3 C 582 cm3 D 624 cm3 

 
 
5 Which row shows the correct number of covalent bonds in a molecule of methylpropene? 
 

 total number of sigma () 
bonds in the molecule 

total number of pi () 
bonds in the molecule 

A 10 1 

B 10 2 

C 11 1 

D 11 2 
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SECTION - Formulas, equations and hydrated compounds

Q11  -  Hard 9701/12/M/J/22/Q4

Q12  -  Hard 9701/13/M/J/22/Q3

Q13  -  Hard 9701/11/O/N/23/Q3
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1 Equations involving four enthalpy changes are shown. 
 

Na(g)    Na+(g)  +  e– H = W 

Na(g)    Na2+(g)  +  2e– H = X 

Na(s)    Na(g) H = Y 

Na(s)    Na2+(g)  +  2e– H = Z 
 

Which equation represents the second ionisation energy of sodium? 

A X B X + Y – W C X – W D Z – W 
 
 
2 This question refers to isolated gaseous atoms in the ground state. 
 

In which atom are all electrons paired? 

A Ba B Br C S D Si 
 
 
3 Which sample contains the most iodine? 

A 1 g of CaI2 B 1 g of KI C 1 g of NaI D 1 g of NH4I 
 
 
4 When a small sample of hydrocarbon Q is completely combusted, it produces 3.52 g of  

carbon dioxide and 1.44 g of water. 
 

What could be the structure of hydrocarbon Q? 
 

A DB C

H C C C HC

 
 
 
5 Ethane and ethene are both hydrocarbon molecules. 
 

What is a feature of both molecules? 

A a planar structure 

B bond angles of 109 

C  covalent bonds 

D  covalent bonds 
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1 Which atom has exactly three unpaired electrons in the ground state? 

A an isolated gaseous aluminium atom 

B an isolated gaseous carbon atom 

C an isolated gaseous chromium atom 

D an isolated gaseous phosphorus atom 
 
 
2 Which element has the second smallest atomic radius in its group and the second highest 

electrical conductivity in its period? 

A boron 

B calcium 

C magnesium 

D sodium 
 
 
3 Analysis of the hormone thyroxine gives the results shown. 
 

Heating 0.500 g of thyroxine with aqueous silver nitrate produces 0.604 g of silver iodide. All of 
the iodine in the thyroxine sample is converted to silver iodide. 

 
Complete combustion of 0.500 g of thyroxine produces 232 cm3 of carbon dioxide and 7.72 cm3 of 
nitrogen, measured under room conditions. 

 
Which molecular formula of thyroxine agrees with these values? 

A C15H11NO4I4 Mr = 776.6 

B C15H7NO4I8 Mr = 1280.2 

C C30H25NO6I4 Mr = 1002.6 

D C30H21NO6I8 Mr = 1506.2 
 
 
4 How many moles of oxygen, O2, are needed to burn 1 mol of ethane if the products of the 

reaction are water and carbon only? 

A 1.5 B 3 C 3.5 D 5 
 
 
5 Which compound has the smallest difference in electronegativity between its two elements? 

A KF B KBr C LiF D LiBr 
 
 

Aluminium carbide, Al 4C3, reacts readily with aqueous sodium hydroxide. The two products of the
reaction are NaAlO2 and a hydrocarbon. Water molecules are also involved as reactants.

What is the formula of the hydrocarbon?

3

C6H12DC3H8CC2H6BCH4A

A sample of 35.6g of hydrated sodium carbonate contains 25.84% sodium ions by mass.

When this sample is heated, anhydrous sodium carbonate and water are formed.

Which mass of water is given off?

4

21.2gD14.4gC10.6gB7.2gA

Solid aluminium chloride sublimes at 178°C.

Which structure best represents the species in the vapour at this temperature?

5

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al
Al

Al 

3+(Cl 

–)3

A B C D

Cl

ClCl

Which row is correct?6

shape of SCl 2shape of H3O
+

non-linearpyramidalA

linearpyramidalB

non-lineartrigonal planarC

lineartrigonal planarD

[Turn over11_97 23_1.1© UCLES 2023
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SECTION - Formulas, equations and hydrated compounds

Q14  -  Hard 9701/11/O/N/23/Q4

Q15  -  Hard 9701/11/O/N/24/Q3

Q16  -  Hard 9701/12/O/N/24/Q3

Aluminium carbide, Al 4C3, reacts readily with aqueous sodium hydroxide. The two products of the
reaction are NaAlO2 and a hydrocarbon. Water molecules are also involved as reactants.

What is the formula of the hydrocarbon?

3

C6H12DC3H8CC2H6BCH4A

A sample of 35.6g of hydrated sodium carbonate contains 25.84% sodium ions by mass.

When this sample is heated, anhydrous sodium carbonate and water are formed.

Which mass of water is given off?

4

21.2gD14.4gC10.6gB7.2gA

Solid aluminium chloride sublimes at 178°C.

Which structure best represents the species in the vapour at this temperature?

5

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al

Cl

Cl

Cl

Cl

Al

Cl

Cl

Al
Al

Al 

3+(Cl 

–)3

A B C D

Cl

ClCl

Which row is correct?6

shape of SCl 2shape of H3O
+

non-linearpyramidalA

linearpyramidalB

non-lineartrigonal planarC

lineartrigonal planarD

[Turn over11_97 23_1.1© UCLES 2023
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1 In this question Q is used to represent a halogen atom. 
 

Magnesium and calcium each form a compound with chlorine and a compound with bromine. 
 

One of these compounds contains: 
 

● the element in Group 2 with the higher first ionisation energy and 

● the element in Group 17 with the higher Q–Q bond energy. 
 

What is the formula of this compound? 

A MgCl 2 B MgBr2 C CaCl 2 D CaBr2 
 
 
2 Compound X contains two elements, Y and Z. 
 

Element Y is in Period 2 of the Periodic Table. In one atom of element Y, the p sub-shell has all 
three orbitals occupied; only one of these three orbitals is fully occupied. 

 
Element Z is in Period 3 of the Periodic Table. In one atom of element Z, the p sub-shell has only 
two orbitals occupied. 

 
What is the formula of compound X? 

A CCl 4 B SiCl 4 C SiO2 D SO2 
 
 
3 Glauber’s salt consists of crystals of hydrated sodium sulfate, Na2SO4•xH2O, which can be used 

for the manufacture of detergents. 
 

When a sample of Glauber’s salt was heated, 1.91 g of water was removed leaving 1.51 g of 
anhydrous Na2SO4. 

 
What is the value of x in Na2SO4•xH2O? 

A 1 B 8.85 C 10 D 11.25 
 
 
4 What contains the greatest number of the named particles? 

A 6.0 dm3 of argon atoms at room conditions 

B 6.0 g of carbon dioxide molecules 

C 6.0 g of magnesium atoms 

D 6.0 g of water molecules 
 
 

2 
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1 Which species contains a different number of electrons from the other three? 

A Cl O4
– B H2SO4 C SO4

2– D Te2– 
 
 
2 Which factor causes helium to have a higher first ionisation energy than hydrogen? 

A In the 1s orbital in helium, electrons are paired. 

B The lowest energy level in helium is filled. 

C The nuclear charge in helium is higher than in hydrogen. 

D There is less shielding of the outer shell in helium. 
 
 
3 A 0.216 g sample of aluminium carbide reacts with an excess of water to produce methane gas. 

This is the only carbon-containing product formed in the reaction. This methane gas burns 
completely in O2 to form H2O and CO2 only. The volume of CO2 produced at room temperature 
and pressure is 108 cm3. 

 
What is the formula of aluminium carbide? 

A Al 2C3 B Al 3C2 C Al 3C4 D Al 4C3 
 
 
4 A reaction between two gases takes place on the surface of the catalytic converter of a  

petrol-engined car. 
 

In this reaction, four reactant molecules produce three product molecules. 
 

What could be the two reactant gases in this reaction? 

A nitrogen and carbon dioxide 

B nitrogen monoxide and carbon dioxide 

C nitrogen monoxide and carbon monoxide 

D nitrogen dioxide and carbon monoxide 
 
 
5 An ion contains 1 nitrogen atom and 2 hydrogen atoms. It has an H–N–H bond angle of 

approximately 105. 
 

Which row is correct? 
 

 
number of lone 

pairs around 
N in ion 

overall charge 
on ion 

A 1 +1 

B 2 +1 

C 1 –1 

D 2 –1 
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SECTION - Formulas, equations and hydrated compounds

Q17  -  Hard 9701/11/M/J/25/Q6 4 
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6 P is a compound that burns in an excess of oxygen to give carbon dioxide and water only. 
 

2.20 g of P contains 1.20 g of carbon and 0.20 g of hydrogen. 
 

When P is added to a solution of sodium carbonate, bubbles of gas are seen. 
 

What is P? 

A CH3CHO 

B CH3CO2H 

C CH3COCH2CH2OH 

D CH3CH2CH2CO2H 
 
 
7 Substance W has the physical properties shown. 
 

m.p. / °C b.p. / °C 
electrical conductivity 

of solid of liquid in water 

2072 2980 poor good insoluble 
 

What is substance W? 

A aluminium oxide 

B iron 

C silicon dioxide 

D sodium fluoride 
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SECTION - Reacting masses and gas volumes

Q18  -  Easy 9701/11/M/J/21/Q6

Q19  -  Hard 9701/13/M/J/21/Q9

Q20  -  Easy 9701/11/M/J/22/Q3
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4         is the standard enthalpy of formation of methane. 
 

        is the standard enthalpy of combustion of carbon. 
 

        is the standard enthalpy of combustion of hydrogen. 
 
  

CH4(g)  +  2O2(g)    CO2(g)  +  2H2O(l) 
 

Which expression is equivalent to         ? 
 

A – +

B

+ –

C

–

2

2 –

D

– +

 
 
 
5 The diagram shows the Boltzmann distribution for the same gas at two different temperatures, T1 

and T2. 
 

y

x
0

0

T1

T2

 
 

What is plotted on the y-axis and which line represents the higher temperature? 
 

 plotted on y-axis higher temperature 

A number of molecules T1 

B number of molecules T2 

C molecular energy T1 

D molecular energy T2 
 
 
6 What is the minimum mass of oxygen required to ensure the complete combustion of 12 dm3 of 

propane measured under room conditions? 

A 60 g B 80 g C 120 g D 160 g 
 
 

 

4 
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8 Which enthalpy change is indicated by X in the enthalpy cycle shown? 
 

C(s)  +  2H2(g)  +  2O2(g)

CH4(g)  +  2O2(g)
CH4(g)

CH4(g)

CO2(g)  +  2H2O(l)

CO2(g)  +  X

 
 

A – 4  the enthalpy of combustion of hydrogen 

B + 4  the enthalpy of combustion of hydrogen 

C – 2  the enthalpy of formation of water 

D + 2  the enthalpy of formation of water 
 
 
9 Copper dissolves in dilute nitric acid producing a blue solution of Cu(NO3)2, water and  

nitrogen(II) oxide as the only products. 
 

How many moles of acid react with three moles of copper in the balanced equation? 

A 2 B 4 C 6 D 8 
 
 
10 Nitrogen reacts with hydrogen to produce ammonia. 
 

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

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen and 2.40 mol of ammonia is allowed to 
reach equilibrium in a sealed vessel of volume 1 dm3. It is found that 2.32 mol of nitrogen were 
present in the equilibrium mixture. 

 
Which expression will give the value of Kc? 

A 
3

2

)96.6)(32.2(
)76.1(  

B 
3

2

)32.6)(32.2(
)76.1(  

C 
3

2

)32.6)(32.2(
)08.2(  

D 
3

2

)00.6)(32.2(
)40.2(  

 
 

2 
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1 Which atom has its outermost electron in an orbital of the shape shown, with principal quantum 
number 3? 

 

 
 

A sodium 

B chlorine 

C calcium 

D bromine 
 
 
2 Which atom has the same number of electrons as the hydroxide ion, OH–? 

A F B Ne C Na D Mg 
 
 
3 In separate experiments, 5.0 g samples of each of four s-block metals are added to an excess of 

water. The gas evolved is collected and its volume measured under the same conditions of 
temperature and pressure for each sample. 

 
Which metal produces the largest volume of gas? 

A calcium 

B potassium 

C rubidium 

D strontium 
 
 
4 A student reacts 1 mol of copper with concentrated nitric acid to produce 1 mol of 

copper(II) nitrate, 2 mol of water and substance X. No other product is formed. 
 

Substance X does not contain copper or hydrogen. 
 

What could be substance X? 

A N2 B N2O C NO D NO2 
 
 
5 In which structure are three atoms bonded together in a straight line? 

A poly(ethene), ] ( )CH2CH2 n  

B propane, C3H8 

C silicon tetrachloride, SiCl 4 

D sulfur hexafluoride, SF6 
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SECTION - Reacting masses and gas volumes

Q21  -  Easy 9701/11/M/J/22/Q4

Q22  -  Easy 9701/13/M/J/22/Q4

Q23  -  Easy 9701/12/M/J/23/Q4

Q24  -  Easy 9701/12/M/J/23/Q5
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1 Which atom has its outermost electron in an orbital of the shape shown, with principal quantum 
number 3? 

 

 
 

A sodium 

B chlorine 

C calcium 

D bromine 
 
 
2 Which atom has the same number of electrons as the hydroxide ion, OH–? 

A F B Ne C Na D Mg 
 
 
3 In separate experiments, 5.0 g samples of each of four s-block metals are added to an excess of 

water. The gas evolved is collected and its volume measured under the same conditions of 
temperature and pressure for each sample. 

 
Which metal produces the largest volume of gas? 

A calcium 

B potassium 

C rubidium 

D strontium 
 
 
4 A student reacts 1 mol of copper with concentrated nitric acid to produce 1 mol of 

copper(II) nitrate, 2 mol of water and substance X. No other product is formed. 
 

Substance X does not contain copper or hydrogen. 
 

What could be substance X? 

A N2 B N2O C NO D NO2 
 
 
5 In which structure are three atoms bonded together in a straight line? 

A poly(ethene), ] ( )CH2CH2 n  

B propane, C3H8 

C silicon tetrachloride, SiCl 4 

D sulfur hexafluoride, SF6 
 
 

2 
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1 Which atom has exactly three unpaired electrons in the ground state? 

A an isolated gaseous aluminium atom 

B an isolated gaseous carbon atom 

C an isolated gaseous chromium atom 

D an isolated gaseous phosphorus atom 
 
 
2 Which element has the second smallest atomic radius in its group and the second highest 

electrical conductivity in its period? 

A boron 

B calcium 

C magnesium 

D sodium 
 
 
3 Analysis of the hormone thyroxine gives the results shown. 
 

Heating 0.500 g of thyroxine with aqueous silver nitrate produces 0.604 g of silver iodide. All of 
the iodine in the thyroxine sample is converted to silver iodide. 

 
Complete combustion of 0.500 g of thyroxine produces 232 cm3 of carbon dioxide and 7.72 cm3 of 
nitrogen, measured under room conditions. 

 
Which molecular formula of thyroxine agrees with these values? 

A C15H11NO4I4 Mr = 776.6 

B C15H7NO4I8 Mr = 1280.2 

C C30H25NO6I4 Mr = 1002.6 

D C30H21NO6I8 Mr = 1506.2 
 
 
4 How many moles of oxygen, O2, are needed to burn 1 mol of ethane if the products of the 

reaction are water and carbon only? 

A 1.5 B 3 C 3.5 D 5 
 
 
5 Which compound has the smallest difference in electronegativity between its two elements? 

A KF B KBr C LiF D LiBr 
 
 

When chlorine gas is analysed in a mass spectrometer 35Cl + ions are detected.

Which row is correct?

1

electronic
configuration of 35Cl +

number of
neutrons in 35Cl +

1s22s22p63s23p417A

1s22s22p63s23p617B

1s22s22p63s23p418C

1s22s22p63s23p618D

Which species is a free radical?2

ZnDO2–CBe–BHeA

Which statement is correct?3

The first ionisation energy of chlorine is more than the first ionisation energy of argon.A

The second ionisation energy of calcium is more than the second ionisation energy of
magnesium.

B

The second ionisation energy of sulfur is equal to the first ionisation energy of phosphorus.C

The eighth ionisation energy of chlorine is more than the first ionisation energy of neon.D

If 1 mole of hexane combusts in an excess of oxygen, how many moles of products are formed?4

14D13C12B11A

Separate samples, each of mass 1.0g, of the compounds listed are treated with an excess of dilute
acid.

Which compound releases the largest amount of CO2?

5

1.0g Na2CO3D1.0g MgCO3C1.0g Li2CO3B1.0g CaCO3A

Which statement about the Cl–N=O molecule is correct?6

A

It is a non-polar molecule.B

It is a linear molecule.C

The nitrogen atom is sp2 hybridised .D

2

Each molecule contains one and two bonds.

When chlorine gas is analysed in a mass spectrometer 35Cl + ions are detected.

Which row is correct?

1

electronic
configuration of 35Cl +

number of
neutrons in 35Cl +

1s22s22p63s23p417A

1s22s22p63s23p617B

1s22s22p63s23p418C

1s22s22p63s23p618D

Which species is a free radical?2

ZnDO2–CBe–BHeA

Which statement is correct?3

The first ionisation energy of chlorine is more than the first ionisation energy of argon.A

The second ionisation energy of calcium is more than the second ionisation energy of
magnesium.

B

The second ionisation energy of sulfur is equal to the first ionisation energy of phosphorus.C

The eighth ionisation energy of chlorine is more than the first ionisation energy of neon.D

If 1 mole of hexane combusts in an excess of oxygen, how many moles of products are formed?4

14D13C12B11A

Separate samples, each of mass 1.0g, of the compounds listed are treated with an excess of dilute
acid.

Which compound releases the largest amount of CO2?

5

1.0g Na2CO3D1.0g MgCO3C1.0g Li2CO3B1.0g CaCO3A

Which statement about the Cl–N=O molecule is correct?6

A

It is a non-polar molecule.B

It is a linear molecule.C

The nitrogen atom is sp2 hybridised .D

2

Each molecule contains one and two bonds.
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SECTION - Reacting masses and gas volumes

Q25  -  Hard 9701/11/M/J/24/Q2

Q26  -  Hard 9701/13/M/J/24/Q1

Q27  -  Hard 9701/12/F/M/24/Q4

Q28  -  Easy 9701/11/O/N/22/Q2
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1 Sample X is added to water and made up to a total volume of 200 cm3. This gives a solution of 
0.100 mol dm–3 HCl. 

 
What is X? 

A 10 cm3 of 1.00 mol dm–3 HCl 

B 30 cm3 of 0.90 mol dm–3 HCl 

C 50 cm3 of 0.40 mol dm–3 HCl 

D 100 cm3 of 0.30 mol dm–3 HCl 
 
 
2 A mixture of 10 cm3 of methane and 10 cm3 of ethane was sparked with an excess of  

oxygen. After cooling, the residual gas was passed through aqueous potassium hydroxide. 
 

All gas volumes were measured at the same temperature and pressure. 
 

Which volume of gas was absorbed by the alkali? 

A 15 cm3 B 20 cm3 C 30 cm3 D 40 cm3 
 
 
3 Z is a compound of two elements, X and Y. 
 

Element X shows a very large increase between its 5th and 6th ionisation energies. It has the 
second largest 1st ionisation energy in its group. 

 
Element Y shows a very large increase between its 6th and 7th ionisation energies. It has the 
largest 1st ionisation energy in its group. 

 
What is compound Z? 

A NO2 B PCl 5 C P4O10 D SF6 
 
 
4 Which statement about I131

53  is correct? 

A A negative ion of I131
53  contains 53 neutrons and 52 electrons. 

B A negative ion of I131
53  contains 53 neutrons and 54 electrons. 

C A negative ion of I131
53  contains 78 neutrons and 52 electrons. 

D A negative ion of I131
53  contains 78 neutrons and 54 electrons. 

 
 

2 
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1 X is an impure sample of a Group 2 metal carbonate, MCO3. X contains 57% by mass of MCO3. 
The impurities in X do not react with hydrochloric acid. 

 
7.4 g of X is reacted with an excess of dilute hydrochloric acid. 

 
0.050 mol of the Group 2 metal chloride is produced. 

 
What is the identity of the Group 2 metal? 

A Mg B Ca C Sr D Ba 
 
 
2 Which of these samples of gas contains the same number of atoms as 1 g of hydrogen gas? 

A 22 g of carbon dioxide (Mr: CO2, 44) 

B 8 g of methane (Mr: CH4, 16) 

C 20 g of neon (Mr: Ne, 20) 

D 8 g of ozone (Mr: O3, 48) 
 
 
3 What is the total number of protons, neutrons and electrons present in an ammonium ion with a 

relative formula mass of 21? 
 

 number 
of protons 

number 
of neutrons 

number 
of electrons 

A 11 10 10 

B 10 11 11 

C 10 11 10 

D 11 10 11 
 
 
4 This question is about the first ionisation energies of magnesium and neon. 
 

Which row is correct? 
 

 first ionisation 
energy 

type of electron removed 

from Mg from Ne 

A Mg > Ne p s 

B Mg > Ne s p 

C Ne > Mg p s 

D Ne > Mg s p 
 
 

2 
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1 Which species contains the same number of neutrons as C14
6  and the same number of electrons 

as ?Na23
11

  

A F17
9  B –316

7N  C Ne20
10  D –216

8 O  
 
 
2 Which process has the largest enthalpy change per mole? 

A Al 3+(g)    Al 4+(g)  +  e– 

B P5+(g)    P6+(g)  +  e– 

C S6+(g)    S7+(g)  +  e– 

D Si4+(g)    Si5+(g)  +  e– 

 
 
3 Which sodium compound contains 74.2% by mass of sodium? 

A sodium carbonate 

B sodium chloride 

C sodium hydroxide 

D sodium oxide 
 
 
4 What is the maximum volume of sulfur dioxide gas measured at room conditions produced from 

burning 100 dm3 of diesel fuel containing 0.8346 g of sulfur? 

A 291 cm3 B 312 cm3 C 582 cm3 D 624 cm3 

 
 
5 Which row shows the correct number of covalent bonds in a molecule of methylpropene? 
 

 total number of sigma () 
bonds in the molecule 

total number of pi () 
bonds in the molecule 

A 10 1 

B 10 2 

C 11 1 

D 11 2 
 
 

2 
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1 Which sample contains the same number of the named species as the number of molecules in 
35.5 g of chlorine? 

A atoms in 16 g of sulfur 

B atoms in 23 g of sodium 

C ions in 74.5 g of potassium chloride 

D molecules in 88 g of carbon dioxide 
 
 
2 Mixture R consists of one mole of C3H6 and one mole of C4H6. 
 

What is the minimum number of moles of oxygen molecules needed for complete combustion of 
mixture R? 

A 6.5 B 7 C 10 D 20 
 
 
3 Which statement about the electrons in a ground state carbon atom is correct? 

A Electrons are present in four different energy levels. 

B There are more electrons in p orbitals than there are in s orbitals. 

C The occupied orbital of highest energy is spherical. 

D The occupied orbital of lowest energy is spherical. 
 
 
4 For the element sulfur, which pair of ionisation energies has the largest difference between them? 

A third and fourth ionisation energies 

B fourth and fifth ionisation energies 

C fifth and sixth ionisation energies 

D sixth and seventh ionisation energies 
 
 
5 How many σ bonds are present in one H–C≡C–C(CH3)=CH(CH3) molecule? 

A 5 B 11 C 13 D 16 
 
 
6 Which molecule has an equal number of bonding electrons and lone-pair electrons? 

A BH3 B CO2 C F2O D SO2 
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SECTION - Reacting masses and gas volumes

Q29  -  Hard 9701/11/O/N/22/Q8

Q30  -  Easy 9701/12/O/N/22/Q2

Q31  -  Hard 9701/12/O/N/23/Q3

Q32  -  Hard 9701/12/O/N/23/Q8

3  
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7 The table shows properties of four solids held together by different types of bonding. 
 

Which row correctly describes the properties of a solid with a giant covalent structure? 
 

 melting point solubility in 
polar solvents 

A high insoluble 

B high soluble 

C low insoluble 

D low soluble 
 
 
8 The carbonate of an s-block element is reacted with an excess of hydrochloric acid. 
 

0.833 g of the carbonate releases 200 cm3 of gas, measured under room conditions. 
 

What is the identity of the metal carbonate? 

A Na2CO3 B K2CO3 C MgCO3 D CaCO3 
 
 
9 The enthalpy changes of formation,        , of both PCl 3 and PCl 5 are exothermic. 
 

PCl 3 reacts with chlorine. 
 
 PCl 3(l)  +  Cl 2(g)  →  PCl 5(s)  = –124 kJ mol–1 
 

Which pair of statements is correct? 
 

statement 1 statement 2

is less negative than The Cl 2 bond energy is needed in calculating 
(PCl 5). from enthalpies of formation.

A

is more negative than The Cl 2 bond energy is needed in calculating 
(PCl 5). from enthalpies of formation.

B

is less negative than The Cl 2 bond energy is not needed in calculating 
(PCl 5). from enthalpies of formation.

C

is more negative than The Cl 2 bond energy is not needed in calculating 
(PCl 5). from enthalpies of formation.

D

 
 
 

2 
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1 Why is the first ionisation energy of phosphorus greater than the first ionisation energy of silicon? 

A A phosphorus atom has one more proton in its nucleus. 

B The atomic radius of a phosphorus atom is greater. 

C The outer electron in a phosphorus atom is more shielded. 

D The outer electron in a phosphorus atom is paired. 
 
 
2 Sodium peroxide, Na2O2, is used to absorb carbon dioxide from the atmosphere and release 

oxygen in closed environments such as space capsules and submarines. 
 

2Na2O2  +  2CO2    2Na2CO3  +  O2 
 

Which mass of sodium peroxide would be required to remove 2.4 dm3 of carbon dioxide from the 
atmosphere at room temperature and pressure? 

A 2.4 g B 3.9 g C 7.8 g D 15.6 g 
 
 
3 In which species are the numbers of protons, neutrons and electrons all different? 

A lA27
13  B lC35

17  C 232
16S  D K39

19  
 
 
4 Calcium oxide and magnesium sulfide each react with acid. 
 

CaO(s)  +  2H+(aq)    Ca2+(aq)  +  H2O(l) 

MgS(s)  +  2H+(aq)    Mg2+(aq)  +  H2S(g) 
 

A mixture of these two compounds, X, reacts with exactly 0.125 mol of dilute hydrochloric acid. 
 

The amount of hydrogen sulfide formed is 0.0250 mol. 
 

What was the mass of calcium oxide in mixture X? 

A 1.4 g B 2.1 g C 2.8 g D 4.2 g 
 
 
5 Two moles of VO2

+ ions react with one mole of zinc atoms in the presence of dilute acid. The 
products include Zn2+ ions and an ion, Y. Ion Y contains vanadium. Only zinc and vanadium 
change oxidation state in the reaction. 

 
What is ion Y? 

A VO3
– B VO+ C VO2+ D VO2

2+ 
 
 

Which particle contains 8 protons, 9 neutrons and 10 electrons?1

DCBA

The second ionisation energy of oxygen is greater than the second ionisation energy of fluorine.

Which factor explains this difference?

2

The atomic radius of an oxygen atom is smaller than that of fluorine.A

The covalent bond in a fluorine molecule is weaker than the bond in an oxygen molecule.B

A spin-paired electron is removed from fluorine but not from oxygen.C

Fluorine has more electrons in total than oxygen. This causes a greater shielding of the
nuclear attraction in fluorine.

D

Zinc reacts with concentrated nitric acid giving three products only: zinc nitrate, an oxide of nitrogen
and water.

3.0 moles of zinc react with 8.0 moles of nitric acid. Zinc nitrate contains Zn2+ ions.

What could be the formula of the oxide of nitrogen?

3

NO2DN2O3CNOBN2OA

A 3.7g sample of copper(II) carbonate is added to 25cm3 of 2.0moldm–3 hydrochloric acid.

Which volume of gas is produced at room conditions?

4

2.40dm3D1.20dm3C0.72dm3B0.60dm3A

Ammonium ions, NH4
+, are formed when ammonia gas reacts with hydrogen chloride gas.

Which statement about the changes that occur in this reaction is correct?

5

The dipole moment of an ammonium ion is greater than the dipole moment of an ammonia
molecule.

A

The H−N−H bond angle decreases when an ammonium ion is formed.B

The hybridisation of nitrogen does not change.C

There is electron transfer from nitrogen to chlorine.D

11_9701_12_2023_1.11R© UCLES 2023

2

Which feature is present in both ethene and poly(ethene)?6

bond angles of 109.5°A

covalent bondsB

covalent bondsC

sp3 orbitalsD

Two compounds of boron are sodium borohydride, NaBH4, and boron trifluoride, BF3.

What are the shapes of the borohydride ion and the boron trifluoride molecule?

7

boron trifluorideborohydride ion

pyramidalsquare planarA

trigonal planarsquare planarB

pyramidaltetrahedralC

trigonal planartetrahedralD

In an experiment, 0.100mol of propan-1-ol is burnt completely in 12.0dm3 of oxygen, measured at
room conditions.

What is the final volume of gas, measured at room conditions?

8

18.00dm3D16.80dm3C8.40dm3B7.20dm3A

At a temperature of 2500K and a pressure of 1.00 × 10–4Pa, a sample of 0.321g of sulfur vapour
has a volume of 2.08 × 106m3.

What is the molecular formula of sulfur under these conditions?

9

S8DS4CS2BSA

[Turn over11_9701_12_2023_1.11R© UCLES 2023
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1 What is the electronic configuration for the particle ?A +27
13 l  

A 1s22s22p63s13p1 

B 1s22s22p63s2 

C 1s22s22p63s23p2 

D 1s22s22p63s23p63d74s1 
 
 
2 The data in the table gives the 5th to the 10th ionisation energies of three elements from Period 3 

of the Periodic Table. 
 

element 
ionisation energy / kJ mol–1 

5th 6th 7th 8th 9th 10th 

X 6274 21 269 25 398 29 855 35 868 40 960 

Y 7012 8 496 27 107 31 671 36 579 43 140 

Z 6542 9 362 11 018 33 606 38 601 43 963 
 

What are the correct identities of these three elements? 
 

 element X element Y element Z 

A Na Mg Al 

B Mg Al Si 

C P S Cl 

D S Cl Ar 
 
 
3 What contains 9.03  1023 oxygen atoms? 

A 0.25 mol aluminium oxide 

B 0.75 mol sulfur dioxide 

C 1.5 mol sulfur trioxide 

D 3.0 mol water 
 
 
4 Methane and steam react to produce hydrogen. 
 

CH4(g)  +  2H2O(g)    CO2(g)  +  4H2(g) 
 

0.80 g of methane and 1.35 g of steam react. One of the reactants is used up. 
 

Which volume of hydrogen, measured at room conditions, will be produced? 

A 1.80 dm3 B 3.60 dm3 C 4.80 dm3 D 7.20 dm3 
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Q34  -  Easy 9701/13/M/J/23/Q3

Q35  -  Easy 9701/13/M/J/23/Q11

Q36  -  Easy 9701/11/M/J/24/Q1

Propanoic acid is treated with reagent X at room temperature. The organic product of the reaction
is sodium propanoate. No gas is produced during the reaction.

What could be reagent X?

1

Na2SO4(aq)DNa2CO3(aq)CNaOH(aq)BNaHCO3(aq)A

The ionic equation shows iodide ions reacting with manganate(VII) ions in acidic solution.

uMnO4
– + vH+ + wI – → xMn2+ + yH2O + zI2

The letters u, v, w, x, y and z all represent whole numbers. Two or more of u, v, w, x, y and z are
the same as each other.

What is the lowest possible value of v?

2

16D10C8B2A

A piece of rock has a mass of 2.00g. It contains calcium carbonate, but no other basic substances.
It neutralises exactly 36.0cm3 of 0.500moldm–3 hydrochloric acid.

What is the percentage by mass of calcium carbonate in the 2.00g piece of rock?

3

90.1%D72.0%C45.0%B22.5%A

L and M are elements in Period 3 of the Periodic Table. Neither element is argon.

Information about the Pauling electronegativity values of L and M is given.

4

Pauling electronegativity valueelement

the highest of the seven elements Na to Cl

the lowest of the seven elements Na to Cl

L

M

Three statements about elements L and M are given.

Element L contains covalent bonds.1

Element L has a higher atomic number than element M.2

A compound of L and M contains ionic bonds.3

Which statements are correct?

2 and 3 onlyD1 and 3 onlyC1 and 2 onlyB1, 2 and 3A

2

A 200cm3 sample of water has an amount of oxygen gas dissolved in it.

This amount of oxygen gas has a volume of 6.00cm3 when measured at 1.00 × 105Pa and 35°C.

What is the concentration of oxygen gas in the water? (You should assume that oxygen behaves
as an ideal gas.)

8

2.34 × 10−4mol dm−3A

1.17 × 10−3mol dm−3B

1.25 × 10−3mol dm−3C

1.03 × 10−2mol dm−2D

Which statement explains why buckminsterfullerene has a lower melting point than graphite?9

Buckminsterfullerene exists as discrete molecules with weak intermolecular bonding.A

Graphite is partly ionic as its structure contains mobile electrons and it conducts electricity.B

The carbon–carbon bonds in buckminsterfullerene are shorter and more strained.C

The mobile electrons in graphite mean it has a metallic structure.D

Which equation represents the reaction whose standard enthalpy change is the standard enthalpy
change of formation of water?

10

2H2(g) + O2(g) → 2H2O(l)A

H2(g) + O2(g) → H2O(l)B

H+(aq) + OH–(aq) → H2O(l)C

2H(g) + O(g) → H2O(l)D

Which mixture will react to form exactly one mole of water?11

volume 1.00moldm–3

NaOH/cm3

500250A

1000250B

500500C

1000500D

4

volume 2.00moldm–3

H2SO4 / cm
3

2 
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1 Sample X is added to water and made up to a total volume of 200 cm3. This gives a solution of 
0.100 mol dm–3 HCl. 

 
What is X? 

A 10 cm3 of 1.00 mol dm–3 HCl 

B 30 cm3 of 0.90 mol dm–3 HCl 

C 50 cm3 of 0.40 mol dm–3 HCl 

D 100 cm3 of 0.30 mol dm–3 HCl 
 
 
2 A mixture of 10 cm3 of methane and 10 cm3 of ethane was sparked with an excess of  

oxygen. After cooling, the residual gas was passed through aqueous potassium hydroxide. 
 

All gas volumes were measured at the same temperature and pressure. 
 

Which volume of gas was absorbed by the alkali? 

A 15 cm3 B 20 cm3 C 30 cm3 D 40 cm3 
 
 
3 Z is a compound of two elements, X and Y. 
 

Element X shows a very large increase between its 5th and 6th ionisation energies. It has the 
second largest 1st ionisation energy in its group. 

 
Element Y shows a very large increase between its 6th and 7th ionisation energies. It has the 
largest 1st ionisation energy in its group. 

 
What is compound Z? 

A NO2 B PCl 5 C P4O10 D SF6 
 
 
4 Which statement about I131

53  is correct? 

A A negative ion of I131
53  contains 53 neutrons and 52 electrons. 

B A negative ion of I131
53  contains 53 neutrons and 54 electrons. 

C A negative ion of I131
53  contains 78 neutrons and 52 electrons. 

D A negative ion of I131
53  contains 78 neutrons and 54 electrons. 
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1 A Boltzmann distribution for a sample of a reacting gas at a constant temperature is shown. The 
activation energy, EA, for the reaction is marked. 

 
Point  shows the number of particles whose energy is equal to the activation energy. 

 
The temperature of the sample of gas is decreased. The shape of the distribution curve changes. 

 
Which point could show the number of particles whose energy is the same as the activation 
energy at the new temperature? 

 

number of
particles

energy
EA

A C
B

D

 
 
 
2 Crystals of copper(II) nitrate are prepared by adding an excess of malachite to nitric acid. 
 

The formula of malachite is Cu(OH)2•CuCO3. (Mr = 221.0) 
 

12.0 g of malachite is added to 30.0 cm3 of 1.50 mol dm–3 nitric acid. 
 

Which mass of malachite is left unreacted when the reaction is complete? 

A 2.05 g B 2.49 g C 7.03 g D 9.51 g 
 
 
3 X and Y are elements from the same group of the Periodic Table. 
 

The 5th to 9th ionisation energies for X and Y are shown. 
 

 
ionisation energy / kJ mol–1 

5th 6th 7th 8th 9th 

element X 11 020 15 160 17 870 92 040 106 437 

element Y 6 540 9 360 11 020 33 360 38 600 
 

Which row identifies elements X and Y? 
 

 element X element Y 

A argon neon 

B chlorine fluorine 

C fluorine chlorine 

D neon argon 

2 
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1 Why is the first ionisation energy of phosphorus greater than the first ionisation energy of silicon? 

A A phosphorus atom has one more proton in its nucleus. 

B The atomic radius of a phosphorus atom is greater. 

C The outer electron in a phosphorus atom is more shielded. 

D The outer electron in a phosphorus atom is paired. 
 
 
2 Sodium peroxide, Na2O2, is used to absorb carbon dioxide from the atmosphere and release 

oxygen in closed environments such as space capsules and submarines. 
 

2Na2O2  +  2CO2    2Na2CO3  +  O2 
 

Which mass of sodium peroxide would be required to remove 2.4 dm3 of carbon dioxide from the 
atmosphere at room temperature and pressure? 

A 2.4 g B 3.9 g C 7.8 g D 15.6 g 
 
 
3 In which species are the numbers of protons, neutrons and electrons all different? 

A lA27
13  B lC35

17  C 232
16S  D K39

19  
 
 
4 Calcium oxide and magnesium sulfide each react with acid. 
 

CaO(s)  +  2H+(aq)    Ca2+(aq)  +  H2O(l) 

MgS(s)  +  2H+(aq)    Mg2+(aq)  +  H2S(g) 
 

A mixture of these two compounds, X, reacts with exactly 0.125 mol of dilute hydrochloric acid. 
 

The amount of hydrogen sulfide formed is 0.0250 mol. 
 

What was the mass of calcium oxide in mixture X? 

A 1.4 g B 2.1 g C 2.8 g D 4.2 g 
 
 
5 Two moles of VO2

+ ions react with one mole of zinc atoms in the presence of dilute acid. The 
products include Zn2+ ions and an ion, Y. Ion Y contains vanadium. Only zinc and vanadium 
change oxidation state in the reaction. 

 
What is ion Y? 

A VO3
– B VO+ C VO2+ D VO2

2+ 
 
 

Which particle contains 8 protons, 9 neutrons and 10 electrons?1

DCBA

The second ionisation energy of oxygen is greater than the second ionisation energy of fluorine.

Which factor explains this difference?

2

The atomic radius of an oxygen atom is smaller than that of fluorine.A

The covalent bond in a fluorine molecule is weaker than the bond in an oxygen molecule.B

A spin-paired electron is removed from fluorine but not from oxygen.C

Fluorine has more electrons in total than oxygen. This causes a greater shielding of the
nuclear attraction in fluorine.

D

Zinc reacts with concentrated nitric acid giving three products only: zinc nitrate, an oxide of nitrogen
and water.

3.0 moles of zinc react with 8.0 moles of nitric acid. Zinc nitrate contains Zn2+ ions.

What could be the formula of the oxide of nitrogen?

3

NO2DN2O3CNOBN2OA

A 3.7g sample of copper(II) carbonate is added to 25cm3 of 2.0moldm–3 hydrochloric acid.

Which volume of gas is produced at room conditions?

4

2.40dm3D1.20dm3C0.72dm3B0.60dm3A

Ammonium ions, NH4
+, are formed when ammonia gas reacts with hydrogen chloride gas.

Which statement about the changes that occur in this reaction is correct?

5

The dipole moment of an ammonium ion is greater than the dipole moment of an ammonia
molecule.

A

The H−N−H bond angle decreases when an ammonium ion is formed.B

The hybridisation of nitrogen does not change.C

There is electron transfer from nitrogen to chlorine.D
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1 A 9701/11/O/N/21/Q1

2 C 9701/12/O/N/21/Q2

3 C 9701/12/F/M/23/Q11

4 B 9701/11/M/J/23/Q10

5 D 9701/11/O/N/24/Q4

6 B 9701/11/O/N/25/Q3

7 A 9701/12/O/N/21/Q1

8 B 9701/12/F/M/21/Q4

9 C 9701/12/F/M/22/Q3

10 D 9701/12/F/M/24/Q3

11 B 9701/12/M/J/22/Q4

12 A 9701/13/M/J/22/Q3

13 A 9701/11/O/N/23/Q3

14 C 9701/11/O/N/23/Q4

15 C 9701/11/O/N/24/Q3

16 D 9701/12/O/N/24/Q3

17 D 9701/11/M/J/25/Q6

18 B 9701/11/M/J/21/Q6

19 D 9701/13/M/J/21/Q9

20 A 9701/11/M/J/22/Q3

21 D 9701/11/M/J/22/Q4

22 A 9701/13/M/J/22/Q4

23 C 9701/12/M/J/23/Q4

24 B 9701/12/M/J/23/Q5

25 C 9701/11/M/J/24/Q2

26 A 9701/13/M/J/24/Q1

27 D 9701/12/F/M/24/Q4

28 C 9701/11/O/N/22/Q2
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29 D 9701/11/O/N/22/Q8

30 C 9701/12/O/N/22/Q2

31 B 9701/12/O/N/23/Q3

32 B 9701/12/O/N/23/Q8

33 B 9701/11/O/N/25/Q4

34 B 9701/13/M/J/23/Q3

35 B 9701/13/M/J/23/Q11

36 C 9701/11/M/J/24/Q1

37 D 9701/12/F/M/25/Q2

38 B 9701/12/O/N/22/Q4

39 A 9701/12/O/N/23/Q4



