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10. Group 2 Starter Quiz ·课前小测

A-Level Chemistry Name: Score:

1. Reactivity increases down Group 2 because:

□ the atoms get larger and lose their outer electrons more easily

□ the atoms get smaller

□ the nuclear charge falls

□ they gain electrons

2. Heating a Group 2 carbonate produces:

□ the metal oxide and carbon dioxide

□ the metal and oxygen

□ the hydroxide and hydrogen

□ nitrogen dioxide only

3. A Group 2 metal reacting with water forms:

□ a hydroxide and hydrogen gas

□ an oxide and oxygen

□ a chloride and hydrogen

□ a carbonate

4. Thermal stability of the carbonates increases down Group 2 because:

□ a larger metal ion polarises the carbonate ion less, so it is harder to break apart

□ the metal ion gets smaller

□ the carbonate ion gets larger

□ the temperature falls

5. The oxides and hydroxides of Group 2 metals are:

□ basic

□ acidic

□ amphoteric

□ neutral

6. Group 2 metals form ions with a 2+ charge.

□ True □ False
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7. Group 2 carbonates become more thermally stable down the group.

□ True □ False

8. Down Group 2:

□ hydroxide solubility increases, while sulfate solubility decreases

□ both increase

□ both decrease

□ hydroxide solubility decreases, sulfate increases

9. A Group 2 carbonate reacting with a dilute acid produces:

□ a salt, water and carbon dioxide

□ a hydroxide and hydrogen

□ an oxide only

□ nitrogen dioxide

10. Heating a Group 2 nitrate produces:

□ the oxide, brown nitrogen dioxide and oxygen

□ the metal and nitrogen

□ only the oxide

□ the carbonate
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10. Group 2 Answers ·答案

A-Level Chemistry

1. the atoms get larger and lose their outer electrons more easily

Larger atoms hold their two outer electrons less tightly, so they are lost more readily.

2. the metal oxide and carbon dioxide

Thermal decomposition: CaCO3 → CaO + CO2.

3. a hydroxide and hydrogen gas

e.g. Ca + 2H2O → Ca(OH)2 + H2; the reaction gets faster down the group.

4. a larger metal ion polarises the carbonate ion less, so it is harder to break apart

A big cation distorts the carbonate ion less, so more energy (a higher temperature) is needed to decompose it.

5. basic

They are basic — they react with water and neutralise acids.

6. True

They lose their two outer electrons.

7. True

Larger cations polarise the carbonate less.

8. hydroxide solubility increases, while sulfate solubility decreases

Hydroxides become more soluble (Ba(OH)2 soluble); sulfates become less soluble (BaSO4 insoluble).

9. a salt, water and carbon dioxide

e.g. CaCO3 + 2HCl → CaCl2 + H2O + CO2.

10. the oxide, brown nitrogen dioxide and oxygen

e.g. 2Ca(NO3)2 → 2CaO + 4NO2 + O2 (brown NO2 gas is given off).
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A-LEVEL CHEMISTRY • EXERCISE SHEET

10.1 Group 2 metals, magnesium to
barium

Name: Class: Date: Total: 12 marks

KEY WORDS thermal stability热稳定性• thermal decomposition热分解• solubility溶解度• group族
• oxide氧化物

Objective
Build the skills to answer exam questions on the Group 2 metals 第二族金属 — their
reactions, thermal decomposition 热分解 and thermal stability 热稳定性, and
solubility 溶解度 trends.

You must be able to:

• write equations for the reactions with oxygen, water and dilute acids
• describe the thermal decomposition of the carbonates and nitrates and the stability

trend
• state the solubility trends of the hydroxides and sulfates

1 Worked examples

Reactivity and reactions
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Ca

Sr

Ba

down the group:
atoms get larger
⇒ outer 2 electrons

are further out
⇒ easier to lose

Reactivity increases down Group 2: larger atoms lose their two outer electrons more
easily

• oxygen: 2Mg + O2 → 2MgO.
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• water: Ca + 2H2O → Ca(OH)2 + H2 (faster down the group).
• acid: Mg + 2HCl → MgCl2 + H2.

Thermal decomposition and stability

small Mg2+: high polarising power

+ CO2−
3

distorts the ion
⇒ decomposes easily

large Ba2+: low polarising power

+ CO2−
3

barely distorted
⇒ thermally stable

A small cation polarises the carbonate more, weakening it — so stability rises down
the group

Carbonates → oxide + CO2 (CaCO3 → CaO+CO2); nitrates → oxide + NO2 + O2.
Thermal stability increases down the group (a larger ion polarises less).

Solubility
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hydroxides:
more soluble

sulfates:
less soluble

Group 2: OH  sol.  down  ·  SO2
4  sol.  down

Down Group 2: hydroxides become more soluble; sulfates become less soluble
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2 Practice
2.1 Write the equation for the reaction of calcium with water. [1]

2.2 State the trend in reactivity down Group 2 and why. [2]

3 Exam-style questions
3.1 Which carbonate is the most thermally stable? [1]

• A MgCO3

• B CaCO3

• C SrCO3

• D BaCO3

3.2 Down Group 2, the solubility of the sulfates: [1]

• A increases
• B decreases
• C stays the same
• D first rises then falls

3.3 (a) Write the equation for the thermal decomposition of calcium nitrate. [2]

(b) Explain why barium carbonate is more thermally stable than magnesium carbonate.[3]

3.4 Describe and explain the trend in reactivity of the Group 2 metals with water. [2]
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Solutions
2.1 Ca + 2H2O → Ca(OH)2 + H2.

2.2 reactivity increases down the group; the atoms are larger, so the two outer electrons
are lost more easily.

3.1 D. Thermal stability increases down the group, so BaCO3 is most stable.

3.2 B. Sulfate solubility decreases down Group 2.

3.3 (a) 2Ca(NO3)2 → 2CaO + 4NO2 + O2.
(b) the Ba2+ ion is larger (lower charge density) than Mg2+; it polarises/distorts the
carbonate ion less; so the C–O bonds are weakened less and a higher temperature is
needed to decompose it.

3.4 reactivity increases down the group; larger atoms hold their outer electrons less
tightly, so they react faster with water.
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19 The trends seen in Group 2 can be used to predict the properties of radium and its compounds. 
 

Which statement is correct? 

A Radium has the highest second ionisation energy of the elements in Group 2. 

B Radium hydroxide is the least soluble of the hydroxides of the elements in Group 2. 

C Radium carbonate has the lowest thermal stability of the carbonates of the elements in 
Group 2. 

D Radium reacts faster with water than the other elements in Group 2. 
 
 
20 Equal masses of CaCO3, Ca(NO3)2, BaCO3 and Ba(NO3)2 are thermally decomposed. The 

volume of gas produced in each experiment is measured under the same conditions. 
 

Which compound will produce the greatest volume of gas? 

A CaCO3 B Ca(NO3)2 C BaCO3 D Ba(NO3)2 
 
 
21 Equation 1 and equation 2 show two different reactions of halide ion Q– with concentrated 

sulfuric acid. 
 

equation 1 H2SO4  +  Q–    HSO4
–  +  HQ 

equation 2 H2SO4  +  2Q–  +  2H+    SO2  +  Q2  +  2H2O 
 

What is Q? 

A Cl – or Br 
– B Br 

– or I 
– C Cl – only D I 

– only 
 
 
22 What happens when iodine solution is added to a solution of sodium bromide? 

A A reaction occurs without changes in oxidation state. 

B Bromide ions are oxidised; iodine atoms are reduced. 

C Bromide ions are reduced; iodine atoms are oxidised. 

D No reaction occurs. 
 
 
23 Which statement is correct? 

A Nitrogen is unreactive due to the absence of lone pairs in the molecule. 

B Aqueous ammonia contains both NH3(aq) and NH4
+(aq). The NH4

+(aq) ion is a  
Brønsted–Lowry acid. 

C High temperatures are needed to supply the energy to break the strong double bonds in 
nitrogen molecules when they react. 

D Atmospheric SO2 reacts with unburnt hydrocarbons to form a component of photochemical 
smog. 

 
 

7  
 

© UCLES 2025 9701/11/O/N/25 [Turn over 

19 The trends seen in Group 2 can be used to predict the properties of radium and its compounds. 
 

Which statement is correct? 

A Radium has the highest second ionisation energy of the elements in Group 2. 

B Radium hydroxide is the least soluble of the hydroxides of the elements in Group 2. 

C Radium carbonate has the lowest thermal stability of the carbonates of the elements in 
Group 2. 

D Radium reacts faster with water than the other elements in Group 2. 
 
 
20 Equal masses of CaCO3, Ca(NO3)2, BaCO3 and Ba(NO3)2 are thermally decomposed. The 

volume of gas produced in each experiment is measured under the same conditions. 
 

Which compound will produce the greatest volume of gas? 

A CaCO3 B Ca(NO3)2 C BaCO3 D Ba(NO3)2 
 
 
21 Equation 1 and equation 2 show two different reactions of halide ion Q– with concentrated 

sulfuric acid. 
 

equation 1 H2SO4  +  Q–    HSO4
–  +  HQ 

equation 2 H2SO4  +  2Q–  +  2H+    SO2  +  Q2  +  2H2O 
 

What is Q? 

A Cl – or Br 
– B Br 

– or I 
– C Cl – only D I 

– only 
 
 
22 What happens when iodine solution is added to a solution of sodium bromide? 

A A reaction occurs without changes in oxidation state. 

B Bromide ions are oxidised; iodine atoms are reduced. 

C Bromide ions are reduced; iodine atoms are oxidised. 

D No reaction occurs. 
 
 
23 Which statement is correct? 

A Nitrogen is unreactive due to the absence of lone pairs in the molecule. 

B Aqueous ammonia contains both NH3(aq) and NH4
+(aq). The NH4

+(aq) ion is a  
Brønsted–Lowry acid. 

C High temperatures are needed to supply the energy to break the strong double bonds in 
nitrogen molecules when they react. 

D Atmospheric SO2 reacts with unburnt hydrocarbons to form a component of photochemical 
smog. 

 
 

A-Level Chemistry: w25 12

7  
 

© UCLES 2025 9701/12/O/N/25 [Turn over 

16 Oxides of nitrogen, NOx, are involved in formation of photochemical smog and acid rain. 
 

Which oxides of nitrogen are involved in each of these processes? 
 

 photochemical smog acid rain 

 NO NO2 NO NO2 

A     

B     

C     

D     
 
 
17 Sodium and sulfur react together to form sodium sulfide, Na2S. 
 

How do the atomic radius and ionic radius of sodium compare with those of sulfur? 
 

 atomic radius ionic radius 

A sulfur is greater sodium is greater 

B sulfur is greater sulfur is greater 

C sodium is greater sodium is greater 

D sodium is greater sulfur is greater 
 
 
18 Compound X is an oxide of a Period 3 element. 
 

Compound X is a white solid at 25 °C. It reacts with water to form an acidic solution. 
 

What is compound X? 

A aluminium oxide 

B silicon dioxide 

C sulfur dioxide 

D phosphorus(V) oxide 
 
 
19 When heated, magnesium nitrate decomposes. 
 

Which equation for the thermal decomposition of magnesium nitrate is correct? 

A Mg(NO3)2    MgO  +  NO2  +  NO  +  O2 

B 2Mg(NO3)2    2MgO  +  4NO  +  3O2 

C 2Mg(NO3)2    2MgO  +  4NO2  +  O2 

D 3Mg(NO3)2    Mg2N3  +  MgO  +  3NO  +  7O2 
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20 R is the aqueous solution of an ionic compound. 
 

● A white precipitate is formed when R is added to Sr(NO3)2(aq). 

● No visible reaction is seen when R is added to dilute HNO3(aq). 
 

What is the anion present in compound R? 

A Cl – B SO4
2– C HCO3

– D CO3
2– 

 
 
21 In an experiment, 0.600 mol of chlorine gas, Cl 2, is reacted with an excess of hot aqueous 

sodium hydroxide. One of the products is NaCl O3. 
 

Which mass of NaCl O3 is formed? 

A 21.3 g B 44.7 g C 63.9 g D 128 g 
 
 
22 X and Y are sodium salts of Group 17 elements. 
 

When X reacts with concentrated sulfuric acid, hydrogen sulfide, H2S, is produced. 
 

When Y reacts with concentrated sulfuric acid, there is no change in the oxidation number of the 
sulfur. 

 
Which statement is correct? 

A Aqueous X reduces aqueous bromine. 

B Aqueous Y reacts with aqueous silver nitrate to give a precipitate which is insoluble in 
concentrated aqueous ammonia. 

C X and Y react separately with concentrated sulfuric acid to produce halogens. 

D When X reacts with concentrated sulfuric acid, six halide ions are needed to reduce  
one sulfur atom to H2S. 

 
 
23 Element E is in Period 3. It forms a chloride which reacts with a small amount of water to produce 

a white precipitate and steamy fumes. This precipitate is soluble in NaOH(aq) and in HCl (aq). 
 

What is element E? 

A magnesium 

B aluminium 

C silicon 

D phosphorus 
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17 Which graph shows the relative melting points of the elements Mg, Al, Si and P plotted against 
their relative electronegativities? 

 

melting point

electronegativity

A

Si

Al

Mg

P

melting point

electronegativity

B

Si

AlMg

P

melting point

electronegativity

C
Si

Al Mg

P

melting point

electronegativity

D

Si

Al

Mg

P

 
 
 
18 Caesium and barium are in Period 6 of the Periodic Table. 
 

Which row is correct? 
 

 the larger 
ionic radius 

the higher 
melting point 

A Ba2+ barium 

B Ba2+ caesium 

C Cs+ barium 

D Cs+ caesium 
 
 
19 Magnesium nitrate, Mg(NO3)2, will decompose when heated to give a white solid and a mixture of 

gases. One of the gases released is oxygen. 
 

29.7 g of anhydrous magnesium nitrate is heated until no further reaction takes place. 
 

Which mass of oxygen is produced? 

A 3.2 g B 6.4 g C 12.8 g D 19.2 g 
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20 Which row shows the trends in the named properties going down the Group 2 nitrates? 
 

 thermal stability 

volume of gas produced, 
measured at room conditions, 
when 1.0 g of anhydrous solid 

nitrate is thermally decomposed 

A increases increases 

B increases decreases 

C decreases increases 

D decreases decreases 
 
 
21 X, Y and Z are three aqueous solutions. Equal volumes of pairs of the solutions are mixed and 

observations noted. 
 

X mixed with Y shows no reaction. 
 

X mixed with Z shows an immediate reaction. 
 

Z mixed with Y shows no reaction. 
 

What are X, Y and Z? 
 

 X Y Z 

A Br2(aq) I2(aq) HBr(aq) 

B Cl 2(aq) I2(aq) HBr(aq) 

C HCl (aq) HI(aq) Br2(aq) 

D HCl (aq) Br2(aq) HBr(aq) 
 
 
22 An excess of chlorine gas is bubbled into hot potassium hydroxide solution. 
 

Which chlorine-containing species are present in the final solution? 

A Cl – and Cl O– 

B Cl – and Cl O3
– 

C Cl O– and Cl O3
– 

D Cl O3
– only 
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1 (a) Solutions of Group 2 hydrogencarbonates, M(HCO3)2, decompose on heating to give the 

corresponding metal carbonate, carbon dioxide and water.

  (i) Write an equation for the decomposition of strontium hydrogencarbonate, Sr(HCO3)2.

 .....................................................................................................................................  [1]

  (ii) The thermal stability of Group 2 carbonates increases down the group.

   Explain this trend.

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

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

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

 .....................................................................................................................................  [2]

 (b) The hydroxides and fluorides of Group 2 elements show similar trends in solubility.

  Describe the trend in the solubility of the fluorides of calcium, strontium and barium.

  Explain your answer.

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

  least soluble  most soluble

explanation  ...............................................................................................................................

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

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

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

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

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

 .............................................................................................................................................  [4]
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 (c) (i) Define enthalpy change of hydration, ΔHhyd.

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

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

 .....................................................................................................................................  [1]

  (ii) State the main factors that affect the magnitude of enthalpy change of hydration. 

   Explain your answer.

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

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

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

 .....................................................................................................................................  [2]

 (d) Table 1.1 shows various energy changes.

Table 1.1

energy change value / kJ mol–1

lattice energy of MgF2 –2957

enthalpy change of hydration, ΔHhyd, of Mg2+ –1926

enthalpy change of hydration, ΔHhyd, of F– –505

  Use data from Table 1.1 to calculate the enthalpy change of solution, ΔHsol, for MgF2(s).

  It may be helpful to draw a labelled energy cycle. Show your working.

 ΔHsol of MgF2(s) = .............................. kJ mol–1 [2]
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 (e) Mercury(I) fluoride, Hg2F2, is sparingly soluble in water.

  The cation in Hg2F2 exists as the diatomic ion Hg2
2+ with a covalent Hg–Hg bond.

  (i) Write the expression for the solubility product, Ksp, of Hg2F2. Include the units.

   Ksp =

 units ..............................

 [2]

  (ii) The solubility of Hg2F2 is 9.20 × 10–3 mol dm–3 at 298 K.

   Calculate the value of Ksp of Hg2F2 at 298 K.

 Ksp = .............................. [1]

 [Total: 15]
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1 Magnesium nitrate, Mg(NO3)2, and strontium nitrate, Sr(NO3)2, both decompose when heated to 

form the metal oxide and a mixture of gases.

 (a) Write an equation for the thermal decomposition of Mg(NO3)2.

 .............................................................................................................................................  [1]

 (b) State which of Mg(NO3)2 or Sr(NO3)2 decomposes at a lower temperature.

  Explain your answer.

compound that decomposes at a lower temperature  ...............................................................

explanation  ...............................................................................................................................

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

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

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

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

 [2]

 (c) Magnesium oxide, MgO, and strontium oxide, SrO, both react with dilute sulfuric acid.

  MgO forms a soluble salt, A.

  SrO forms an insoluble salt, B.

  (i) Identify the products formed when MgO reacts with dilute sulfuric acid.

 .....................................................................................................................................  [1]

  (ii) Explain why A is more soluble than B.

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

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

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

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

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

 .....................................................................................................................................  [3]

 [Total: 7]
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