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ANSWER ALL THREE QUESTIONS
50 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: q = mcΔT; ΔH = 
ΣnΔcH(reactants) − ΣnΔcH(products); c(water) = 4.18 J g⁻¹ °C⁻¹.

Question One (16 marks)

(a) (i) Write the full electron configuration (using s, p, d notation) of the oxygen ion, O²⁻.
(ii) State the number of unpaired electrons in the oxygen ion, and whether it is paramagnetic or
diamagnetic.

(iii) Explain how the electrons are arranged in the oxygen ion, referring to the order in which
sub-shells are filled and to Hund's rule.

[6 marks]

(b) The first ionisation energy of phosphorus is 1012 kJ mol⁻¹ but that of sulfur is 1000 kJ mol⁻¹.
Although the general trend across a period is for ionisation energy to increase, sulfur has a lower
value than phosphorus.

Explain this exception, referring to electron configurations.

[5 marks]
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(c) The first 3 ionisation energies of element Q (kJ mol⁻¹) are: 419, 3052, 4420.

(i) State the number of electrons in the outer energy level of Q and its group in the periodic
table.

(ii) Explain how the ionisation energy data support your answer.

[5 marks]

Question Two (7 marks)

(a) Consider SF₄.

(i) Draw its Lewis structure, showing all lone pairs on the central atom (the central atom may
have more than eight electrons).

(ii) State the shape of the molecule and the approximate bond angle(s), and explain how you
decided.

(iii) Explain whether SF₄ is a polar or a non-polar molecule.

[7 marks]

Question Three (27 marks)

(a) Use the standard enthalpies of combustion below to calculate the standard enthalpy change for
the reaction

2C(s) + 3H₂(g) → C₂H₆(g)

ΔcH° of C₂H₆(g) = −1560 kJ mol⁻¹
ΔcH° of H₂(g) = −286 kJ mol⁻¹
ΔcH° of C(s) = −394 kJ mol⁻¹
(i) Calculate ΔrH° for the reaction, showing how Hess's law is applied.

(ii) State whether the reaction is exothermic or endothermic and explain the sign of ΔrH° in
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THE WORKED ANSWER TO THAT QUESTION
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (16 marks) [Atoms, electron configurations and periodic trends]

(a) (i) Write the full electron configuration (using s, p, d notation) of the oxygen ion, O²⁻. (ii) State the
number of unpaired electrons in the oxygen ion, and whether it is paramagnetic or diamagnetic. (iii)
Explain how the electrons are arranged in the oxygen ion, referring to the order in which sub-shells are
filled and to Hund's rule.

(a) Answer: (i) 1s² 2s² 2p⁶; (ii) 0 unpaired, diamagnetic
• Evidence level: Excellence (fill the sub-shells in order of increasing energy, apply Hund's rule, and
adjust for ions and for half-full and full d sub-shells).

• (i) 1s² 2s² 2p⁶.

• (ii) The oxygen ion has 0 unpaired electron(s) (electrons occupy separate orbitals of a sub-shell with
parallel spins before pairing, Hund's rule), so it is diamagnetic.

• Achievement: (iii) States the order of filling.

• Merit: Links to energy: electrons enter the lowest-energy sub-shell available first (1s, 2s, 2p, 3s, 3p,
4s, 3d, 4p).

• Excellence: Full explanation: the 10 electrons are placed in sub-shells in order of increasing energy,
each holding at most 2 (s), 6 (p) or 10 (d) electrons; where a sub-shell has several orbitals, electrons
occupy them singly with parallel spins before pairing (Hund's rule); the anion gains electrons into the
next available sub-shell, reaching a stable full outer shell.

KEY TAKEAWAY
Electron configurations: fill 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p; Cr and Cu are 4s¹ 3d⁵ and 4s¹ 3d¹⁰; remove
4s before 3d from cations; count unpaired electrons using Hund's rule.

(b) The first ionisation energy of phosphorus is 1012 kJ mol⁻¹ but that of sulfur is 1000 kJ mol⁻¹. Although
the general trend across a period is for ionisation energy to increase, sulfur has a lower value than
phosphorus. Explain this exception, referring to electron configurations.

(b) Answer: Exception explained by the electron configurations: sulfur's 3p⁴ configuration
has a pair of electrons in one 3p orbital; the repulsion between the paired electrons makes it
easier to remove an electron than from phosphorus's 3p³ half-filled sub-shell

• Evidence level: Excellence (use the electron configurations to explain the exception).

• Achievement: Writes the electron configurations of both atoms.

• Merit: Links the configuration to the energy of the electron removed.

• Excellence: Full explanation: sulfur's 3p⁴ configuration has a pair of electrons in one 3p orbital; the
repulsion between the paired electrons makes it easier to remove an electron than from phosphorus's
3p³ half-filled sub-shell.

KEY TAKEAWAY
Exceptions to the trend: Be→B and Mg→Al (the p electron is higher in energy than the s electron) and
N→O and P→S (electron–electron repulsion in a paired p orbital).
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(c) The first 3 ionisation energies of element Q (kJ mol⁻¹) are: 419, 3052, 4420. (i) State the number of
electrons in the outer energy level of Q and its group in the periodic table. (ii) Explain how the ionisation
energy data support your answer.

(c) Answer: (i) 1 outer electrons, group 1; (ii) a large jump after the 1st ionisation energy as
an inner-shell electron is removed

• Evidence level: Excellence (find the large jump in successive ionisation energies, which marks the
start of a closer, inner energy level).

• (i) The ratios of successive values are 7.28, 1.45; the biggest jump is after the 1st ionisation energy
(419 → 3052 kJ mol⁻¹), so Q has 1 outer electrons and is in group 1.

• Achievement: (ii) States that there is a big increase after the 1st ionisation energy.

• Merit: Links to shells: the next electron is removed from an inner energy level.

• Excellence: Full explanation: the first 1 electrons come from the outer energy level, which is shielded
and far from the nucleus, so successive values rise gradually; the next electron comes from a full inner
energy level that is closer to the nucleus and not shielded by the outer electrons, so the ionisation
energy rises sharply, showing there are 1 outer electrons.

KEY TAKEAWAY
Successive ionisation energies: a big jump marks the move to a new, inner energy level; the number of
electrons removed before the jump equals the number of outer electrons.

LOS: Atoms, electron configurations and periodic trends (91390)

Question 2 (7 marks) [Structure and shape]

(a) Consider SF₄. (i) Draw its Lewis structure, showing all lone pairs on the central atom (the central atom
may have more than eight electrons). (ii) State the shape of the molecule and the approximate bond
angle(s), and explain how you decided. (iii) Explain whether SF₄ is a polar or a non-polar molecule.

(a) Answer: (ii) see-saw, bond angle slightly less than 90° and 120°; polar
• Evidence level: Excellence (count the valence electrons, decide how many are on the central atom,
then predict the shape from the electron domains).

• (i) Valence electrons = 6 (S) + 4 × 7 (F) = 34. There are 4 bonding pairs to F, so the central atom S
has 1 lone pair(s) (5 domains); each F atom has 3 lone pairs.

• Achievement: (ii) States the shape and bond angle(s): see-saw, slightly less than 90° and 120°.

• Merit: Links to the domains: there are 5 electron domains around S (4 bonding and 1 lone pairs).

• Excellence: Full explanation: the 5 domains arrange themselves as far apart as possible (trigonal
bipyramidal arrangement), the 1 lone pair(s) take the positions that give least repulsion, and the shape
described by the atoms is see-saw; bond angles are slightly reduced because lone pairs repel more
strongly than bonding pairs.

• Achievement: (iii) States that SF₄ is polar.

• Merit: Links to bond polarity: the S–F bonds are polar.

• Excellence: Full explanation: the bonds are polar because of the electronegativity difference between
S and F; the see-saw shape is asymmetrical so the bond dipoles do not cancel, making the molecule
polar.
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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. 12
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 3 Chemistry 91390 Thermochem papers:
testpapershub.com/collections/ncea-level-3-chemistry-91390-thermochem/

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.

testpapershub.com

https://testpapershub.com/products/ncea-level-3-chemistry-91390-thermochem-practice-paper-1/?utm_source=free-sample&utm_medium=pdf&utm_campaign=ncea-level-3-chemistry-91390-thermochem
https://testpapershub.com/collections/ncea-level-3-chemistry-91390-thermochem/?utm_source=free-sample&utm_medium=pdf&utm_campaign=ncea-level-3-chemistry-91390-thermochem
https://testpapershub.com/?utm_source=free-sample&utm_medium=pdf&utm_campaign=ncea-level-3-chemistry-91390-thermochem

