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ANSWER ALL THREE QUESTIONS
41 marks in all

Show all working in calculations and give numerical answers to three significant figures with correct
units. Use chemistry vocabulary, symbols and conventions (IUPAC) in all explanations; the more
clearly you link ideas (cause and effect), the higher the level of your answer.

Formula sheet
Relationships: n = m/M; energy change = n × ΔH; ΔrH = Σ bond enthalpies of bonds broken − Σ bond
enthalpies of bonds formed. Electronegativity: |ΔEN| > 1.7 ionic, 0.4–1.7 polar covalent, < 0.4 non-polar
covalent.
Molar masses are given in the questions or are on the periodic table supplied in the real examination.

Question One (15 marks)

(a) Consider the molecule SO₂.

(i) Draw its Lewis structure (electron dot diagram), showing all lone pairs.

(ii) State the shape of the molecule and the approximate bond angle.

(iii) Explain whether the molecule is polar or non-polar.

[6 marks]

(b) The electronegativity of Mg is 1.31 and the electronegativity of O is 3.44.

Classify the bond between Mg and O as ionic, polar covalent or non-polar covalent, and explain
how the electronegativity values lead to your answer, including the direction of any bond
polarity.

[4 marks]

(c) Potassium forms an ionic compound with sulfur.

(i) Write the electron arrangement change for each atom as the compound forms, and write the
formula of the compound.

(ii) Explain why the compound has a high melting point and why it only conducts electricity
when molten or dissolved in water.
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[5 marks]

Question Two (15 marks)

(a) Explain why magnesium oxide has a much higher melting point than silicon dioxide.

The data below may be used: silicon dioxide melts at 1713°C and magnesium oxide melts at
2852°C.

[5 marks]

(b) The boiling point of CH₄ is −162°C, while the boiling point of CHCl₃ is 61°C.

Explain this difference in terms of the intermolecular forces between the molecules, and state
what happens to the molecules (not the bonds within them) when each liquid boils.

[5 marks]

(c) A student adds ethanol to cyclohexane and stirs.

Predict whether ethanol dissolves, and explain your prediction in terms of the particles in the
solute and the solvent and the forces between them.

[5 marks]
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (15 marks) [Bonding, shape and polarity]

(a) Consider the molecule SO₂. (i) Draw its Lewis structure (electron dot diagram), showing all lone pairs.
(ii) State the shape of the molecule and the approximate bond angle. (iii) Explain whether the molecule is
polar or non-polar.

(a) Answer: SO₂ is bent (V-shaped) with a bond angle of about 117°; it is polar
• Evidence level: Excellence (count valence electrons, place bonds and lone pairs, then decide shape
and polarity from the symmetry).

• (i) Valence electrons: 6 (S) + 6 (O) + 6 (O) = 18. The central atom is S; it forms 2 bond(s) to O, O
(with 2 multiple bond(s)).

• The central atom has 1 lone pair(s) and 3 region(s) of electron density.

• (ii) 3 regions of electron density with 1 lone pair(s): the shape is bent (V-shaped), with a bond angle
of about 117°.

• Achievement: (iii) States whether the molecule is polar or non-polar.

• Merit: Gives a reason for the bond polarity: the bonds are polar because of the difference in
electronegativity between S and the other atoms.

• Excellence: Full explanation: the bonds are polar and the bent (V-shaped) shape is not symmetrical,
so the bond dipoles do not cancel and the molecule is polar.

KEY TAKEAWAY
Shape and polarity: count regions of electron density to get the shape; then ask whether the polar
bonds are arranged symmetrically (dipoles cancel, so non-polar) or not (dipoles add, so polar).

(b) The electronegativity of Mg is 1.31 and the electronegativity of O is 3.44. Classify the bond between
Mg and O as ionic, polar covalent or non-polar covalent, and explain how the electronegativity values
lead to your answer, including the direction of any bond polarity.

(b) Answer: ionic bond
• Evidence level: Excellence (use the electronegativity difference to classify the bond and show the
direction of polarity).

• Difference = |1.31 − 3.44| = 2.13.

• Achievement: States the bond type (ionic).

• Merit: Links to the difference: a difference of 2.13 is large (above about 1.7), so the bond is ionic.

• Excellence: Full explanation: the electrons are transferred (or almost completely pulled) to O, giving
ions held by electrostatic attraction.

KEY TAKEAWAY
Bond type: |ΔEN| above about 1.7 is ionic, 0.4 to 1.7 polar covalent, and below 0.4 non-polar covalent;
in a polar bond the more electronegative atom is δ−.
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(c) Potassium forms an ionic compound with sulfur. (i) Write the electron arrangement change for each
atom as the compound forms, and write the formula of the compound. (ii) Explain why the compound has
a high melting point and why it only conducts electricity when molten or dissolved in water.

(c) Answer: (i) K loses 1, S gains 2 electron(s); formula K₂S; (ii) strong electrostatic
attractions between ions in the lattice give a high melting point; ions are free to move only
when molten or dissolved

• Evidence level: Excellence (describe electron transfer, balance the charges, and explain properties
from the lattice structure).

• (i) K loses 1 electron(s) to form K⁺; S gains 2 electron(s) to form S²⁻. The charges must balance: 2 ×
(1) = 1 × (−2), so the formula is K₂S (potassium sulfide).

• Achievement: (ii) States that the compound has a lattice of ions with strong attractions between
them.

• Merit: Links to the properties: a lot of energy is needed to overcome the strong electrostatic
attractions between oppositely charged ions, so the melting point is high; the ions cannot move in the
solid.

• Excellence: Full explanation: the solid is a regular lattice of oppositely charged ions held together by
strong electrostatic attractions in all directions, so a large amount of energy is required to melt it (high
melting point). In the solid the ions are fixed in position, so there are no mobile charged particles and it
does not conduct; when molten or dissolved the ions are free to move and carry charge, so it
conducts.

KEY TAKEAWAY
Ionic compounds: metals lose electrons to form positive ions, non-metals gain them to form negative
ions; the formula balances the charges; the lattice has strong attractions (high melting point) and
conducts only when the ions can move.

LOS: Bonding, shape and polarity (91164)

Question 2 (15 marks) [Structure, properties and intermolecular forces]

(a) Explain why magnesium oxide has a much higher melting point than silicon dioxide. The data below
may be used: silicon dioxide melts at 1713°C and magnesium oxide melts at 2852°C.

(a) Answer: Magnesium oxide melts at 2852°C because it is a lattice of positive and negative
ions held by strong electrostatic attractions between oppositely charged ions, so a lot of
energy is needed to break the strong bonding throughout the lattice; silicon dioxide melts at
1713°C because it is a giant lattice of atoms joined by a continuous network of strong
covalent bonds.

• Evidence level: Excellence (link structure and bonding to a property, comparing two substances).

• Achievement: States the type of bonding or structure in each substance (magnesium oxide is ionic;
silicon dioxide is covalent network).

• Merit: Links structure to the melting point for one substance: melting magnesium oxide requires
breaking its strong bonds throughout the structure, which needs a lot of energy.

• Excellence: Compares both: melting magnesium oxide means breaking strong ionic bonds (a lot of
energy, high melting point), whereas melting silicon dioxide only requires overcoming its covalent
network bonds, which are weaker or easier to disrupt (little energy, low melting point).
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LIKED THIS SAMPLE?

The full paper is the real thing.

THIS FREE SAMPLE

A short extract: the opening questions of Paper
1, then their worked answers. 3 pages in all.

THE FULL PAPER

Three questions made of several multi-part
problems answered in writing (constructed
response, no multiple choice), with a worked
solution for every part that shows whether it is
aimed at Achieved, Merit or Excellence. 10
pages, with a worked solution for every question.

What you get with each paper

A complete, timed paper in the real exam layout, not just a taste of it.

A worked solution for every question: numbered steps, why each wrong option is wrong, and a key
takeaway.

20 different papers in this set. Every one uses new questions, so each extra paper is new practice,
not a repeat.

An A4 PDF emailed straight after payment, made for printing.

Get Paper 1 now
A$11.99 one-off, instant PDF download. Tap or click here.

Or see all 20 NCEA Level 2 Chemistry 91164 Bonding papers:
testpapershub.com/collections/ncea-level-2-chemistry-91164-bonding/

Getting the most from a practice paper

1 Print it and set the timer shown on the cover. Answer every question before looking at any
solution.

2 Mark it against the worked solutions and note the topics that cost you marks.

3 Retry the questions you missed a day later, then use the next paper to check the fix held.

Not sure which paper to start with, or have a question before you buy? Email support@testpapershub.com and a real person
will reply, normally within one business day. These are original practice papers, not official past papers, and are not affiliated
with any exam authority.
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