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5.	 Which row shows a gas that would deviate the least from ideal gas behaviour?

Gas Pressure Temperature

A. Phosphine, PH3 Low High

B. Ammonia, NH3 Low High

C. Phosphine, PH3 High Low

D. Ammonia, NH3 High Low

6.	 Which of the following correctly shows the shape of s and p orbitals?

A.

s p

B.

s p

C.

s p

D.

s p

7.	 Which row shows the correct formula and electron configuration of the species in calcium nitride?

Formula
Electron 

configuration of 
the Ca species

Electron 
configuration of 

the N species

A. Ca2N3 [Ar] [Ne] 

B. Ca2N3 [Ar] 4s2 [He] 2s2 2p3

C. Ca3N2 [Ar] 4s2 [He] 2s2 2p3

D. Ca3N2 [Ar] [Ne]
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17.	 The volume of a container filled with a fixed amount of gas is increased by 100 % at constant 
temperature. How does this affect the pressure in a container? pV = nRT

A.	 Pressure increases by 100 %

B.	 Pressure decreases by 100 %

C.	 Pressure increases by 50 %

D.	 Pressure decreases by 50 %

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

A.	 d-Electrons are delocalized.

B.	 All have a +2 oxidation state.

C.	 They can accept electron pairs from ligands.

D.	 Successive ionization energies are close in value.
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3.	 Which orbital diagram represents a correct ground state electron configuration based on 
the Pauli exclusion principle and Hund’s rule?

A.
1s 2s 2p

B.
1s 2s 2p

C.
1s 2s 2p

D.
1s 2s 2p

4.	 5.72 g of Na2CO3•10H2O (Mr = 286 gmol-1) is dissolved in water to prepare 0.4 dm3 of 
aqueous solution.

What is the concentration of sodium ions, in mol dm-3, in the resulting solution? 

A.	 0.02

B.	 0.04

C.	 0.05

D.	 0.10

5.	 In which of the following sets of conditions does the gas exhibit behaviour closest to an ideal gas ?

Gas Pressure / kPa Temperature / K

A. H2 100 273

B. NH3 50 473

C. H2 50 473

D. NH3 100 273

– 4 – 8825 – 6207

6.	 An expanded view of the NaCl lattice is given in the figure.

Na+

Cl-

Which statement is correct for the lattice structure of NaCl?

A.	 The ions are held together in the lattice by covalent bonds.

B.	 The forces of attraction in the lattice are very weak.

C.	 Each sodium ion is surrounded by four chloride ions.

D.	 The structure breaks apart when dissolved in water.

7.	 What are the electron domain and molecular geometries of IF4
+ ion?

Electron domain geometry Molecular  geometry

A. Trigonal bipyramidal Seesaw 

B. Tetrahedral Tetrahedral

C. Tetrahedral Seesaw

D. Trigonal bipyramidal Tetrahedral
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4.	 What is the volume, in dm3, of ethane gas, C2H6 (g), produced when 0.25 dm3 of ethyne, C2H2 (g), 
reacts with 0.40 dm3 of hydrogen gas, H2 (g)?

All volumes are measured under the same conditions.

C2H2 (g) + 2H2 (g) → C2H6 (g)

A.	 0.20

B.	 0.25

C.	 0.40

D.	 0.45

5.	 A fixed volume of an ideal gas, initially at 30 °C and with a pressure of P Pa, was heated to 60 °C. 
What is the resulting pressure in Pa?

A.	 Half of P

B.	 A little less than P

C.	 A little more than P

D.	 Two times P

6.	 What are the electron domain and molecular geometries of thionyl chloride, SOCl2?

Electron domain geometry Molecular geometry

A. Tetrahedral Tetrahedral

B. Tetrahedral Trigonal pyramidal

C. Trigonal planar Trigonal planar

D. Trigonal planar Bent

7.	 Which molecule is most polar?

A.	 CF4

B.	 CO2

C.	 NBr3

D.	 NH3
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Answer all questions. Answers must be written within the answer boxes provided.

1.	 Nitrogen monoxide, NO (g), is produced in internal combustion and jet engines.

(a)	 Outline a reason why NO is a pollutant.� [1]
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(b)	 Calculate the amount, in moles, of NO in 1.0 × 10-3 m3 of engine exhaust gas which 
contains 0.10 % NO by volume at 200 °C and 1.0 × 105 Pa.

Use sections 1 and 2 of the data booklet.� [3]
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(c)	 Outline why NO deviates more than nitrogen, N2, from the ideal gas model.� [2]

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

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

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

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

(This question continues on the following page)

32EP02



Chemistry HL | Paper 2 | Nov 2025 TZ3 | Q1 | 8 marks

Apollo | Original source crop | 7

– 3 – 8825 – 6221

Turn over

(Question 1 continued)

(d)	 In an exhaust pipe catalytic converter, NO reacts with carbon monoxide, CO, to form N2.

(i)	 State the initial and final oxidation states of nitrogen.� [1]

Initial:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Final:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii)	 Deduce the second product and the balanced equation for the reaction.� [1]
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2.	 Nitric acid, HNO3, is a strong acid.

(a)	 (i)	� Annotate the structure of nitric acid to indicate the coordination bond.� [1]

O
N

O

O
H

(ii)	 Write an equation for the reaction of excess nitric acid with sodium carbonate.� [1]
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(b)	 (i)	� Draw the Lewis formula of the nitrate ion.� [1]

(ii)	 Write the formula of nickel(II) nitrate.� [1]
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4.	 A container holds 30 g of argon and 60 g of neon.

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

A.	 0.25

B.	 0.50

C.	 2.0

D.	 4.0

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

pressure of 40 kPa. N
4

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

What is the new pressure of the gas in kPa?

A.	 15

B.	 30

C.	 45

D.	 60

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

A.	 MgHCO3

B.	 Mg(HCO3)2

C.	 Mg(HCO3)3

D.	 Mg3(HCO3)2

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

A.	 CH3COOH, O3, C60

B.	 CH3COO−, NO2
−, C(graphite)

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

D.	 C2H4, NO2
+, SiO2


