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ANSWER ALL THREE QUESTIONS
51 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; percentage yield = actual yield ÷ theoretical yield × 100. Atomic masses (g mol⁻¹): H
1.008, C 12.01, N 14.01, O 16.00, Cl 35.45, Br 79.90.

Question One (22 marks)

(a) The condensed structural formula of a compound is (CH₃)₃COH.

(i) Name the compound and state its molecular formula.

(ii) Name the functional group present, and classify the compound.

(iii) Draw (as a condensed formula) and name an isomer of the compound with a different
functional group.

(iv) Explain why 2-methylpropan-2-ol has a higher boiling point than ethoxyethane.

[8 marks]

(b) Draw (condensed structural formulae) and name all the alcohols with the molecular formula
C₄H₁₀O, and classify each as a primary, secondary or tertiary alcohol.

[7 marks]
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(c) Consider the compound butane-2,3-diol.

(i) Identify the chiral carbon atom(s) in butane-2,3-diol, and explain what makes a carbon atom
chiral.

(ii) Explain what is meant by ‘optical isomers’ (enantiomers) and describe how two optical
isomers of this compound differ in their effect on plane-polarised light.

(iii) State the total number of stereoisomers of butane-2,3-diol and explain why it is not optically
active as a whole.

[7 marks]

Question Two (15 marks)

(a) Consider the reaction sequence

butan-1-ol → (A) → (B) → (C) → (D)

Starting compound: butan-1-ol. Final compound: butanamide.

(i) Give the reagents and conditions needed for each step.

(ii) Draw (condensed structural formulae) and name the organic product of each step.

(iii) State the observation for the oxidation step and explain why the oxidation of the alcohol
needs different conditions to give the aldehyde and to give the acid.

[8 marks]
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WORKED SOLUTIONS
Answers & worked solutions

ANSWER ALL THREE QUESTIONS

Question 1 (22 marks) [Functional groups and isomers]

(a) The condensed structural formula of a compound is (CH₃)₃COH. (i) Name the compound and state its
molecular formula. (ii) Name the functional group present, and classify the compound. (iii) Draw (as a
condensed formula) and name an isomer of the compound with a different functional group. (iv) Explain
why 2-methylpropan-2-ol has a higher boiling point than ethoxyethane.

(a) Answer: (i) 2-methylpropan-2-ol, C4H10O; (ii) alcohol; (iii) ethoxyethane,
CH₃CH₂OCH₂CH₃; (iv) the alcohol has the stronger intermolecular forces (hydrogen bonding)

• Evidence level: Excellence (identify the functional group from the arrangement of atoms, then use
the structure to explain the properties).

• (i) The compound is 2-methylpropan-2-ol; its molecular formula is C4H10O.

• (ii) It is an alcohol: the hydroxyl group –OH; the carbon bonded to OH is attached to three other
carbon(s), so it is a tertiary alcohol.

• (iii) An isomer with a different functional group is ethoxyethane, CH₃CH₂OCH₂CH₃ (ether), which has
the same molecular formula C4H10O.

• Achievement: The alcohol has a higher boiling point than its ether isomer.

• Merit: Links to the forces: the alcohol contains an O–H group so can form hydrogen bonds between
molecules; the ether cannot.

• Excellence: Full explanation: alcohol molecules form strong hydrogen bonds between the O–H of
one molecule and the lone pair on the O of another; ethers have polar C–O bonds but no hydrogen
attached to oxygen, so they have only weaker dipole–dipole and dispersion forces. More energy is
needed to overcome hydrogen bonds, so the alcohol has the higher boiling point.

KEY TAKEAWAY
Functional groups: name by the longest chain and suffix; isomers share a molecular formula but not a
structure. Hydrogen bonding needs an H bonded to O or N, so acids and alcohols boil higher than their
isomers.

(b) Draw (condensed structural formulae) and name all the alcohols with the molecular formula C₄H₁₀O,
and classify each as a primary, secondary or tertiary alcohol.

(b) Answer: 7 isomers (butan-1-ol; butan-2-ol; 2-methylpropan-1-ol; 2-methylpropan-2-ol;
ethoxyethane; 1-methoxypropane; 2-methoxypropane)

• Evidence level: Excellence (work systematically through the carbon skeletons and positions of the
functional group, avoiding repeats).

• The 4 alcohols are: butan-1-ol (CH₃CH₂CH₂CH₂OH); butan-2-ol (CH₃CH₂CH(OH)CH₃);
2-methylpropan-1-ol ((CH₃)₂CHCH₂OH); 2-methylpropan-2-ol ((CH₃)₃COH).

• The 3 ethers are: ethoxyethane (CH₃CH₂OCH₂CH₃); 1-methoxypropane (CH₃OCH₂CH₂CH₃);
2-methoxypropane (CH₃OCH(CH₃)₂).

• Classification: butan-1-ol – primary; butan-2-ol – secondary; 2-methylpropan-1-ol – primary;
2-methylpropan-2-ol – tertiary.

• Achievement: Defines structural isomers as compounds with the same molecular formula but
different structural formulae.

• Merit: Gives an example from the answer.
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• Excellence: Full answer: structural isomers have the same molecular formula but different
arrangements of atoms – the atoms are bonded together in a different order (different carbon chain,
different position of the functional group, or a different functional group); chain, position and
functional-group isomers appear above.

KEY TAKEAWAY
Isomers: same molecular formula, different structure. Work systematically: first the unbranched chain
with the group at each position, then the branched chains; check each is different before counting.

(c) Consider the compound butane-2,3-diol. (i) Identify the chiral carbon atom(s) in butane-2,3-diol, and
explain what makes a carbon atom chiral. (ii) Explain what is meant by ‘optical isomers’ (enantiomers)
and describe how two optical isomers of this compound differ in their effect on plane-polarised light. (iii)
State the total number of stereoisomers of butane-2,3-diol and explain why it is not optically active as a
whole.

(c) Answer: (i) chiral carbon 2 and 3; (ii) non-superimposable mirror images that rotate
polarised light in opposite directions; (iii) 3 stereoisomers

• Evidence level: Excellence (find each carbon bonded to four different groups, then link this to the
existence of non-superimposable mirror images).

• (i) Chiral carbon(s): carbon 2 and 3 of the chain – bonded to four different groups/atoms. A chiral
carbon is a carbon atom bonded to four different atoms or groups.

• Achievement: (ii) States that optical isomers are mirror images that cannot be superimposed.

• Merit: Links to the effect: one isomer rotates the plane of polarised light clockwise and the other
rotates it by the same amount anticlockwise.

• Excellence: Full explanation: a molecule with a chiral carbon exists as two stereoisomers
(enantiomers) that are non-superimposable mirror images of each other; they have identical physical
properties (melting point, boiling point) but rotate the plane of plane-polarised light by equal amounts
in opposite directions, so a 1:1 mixture (racemic mixture) shows no net rotation.

• (iii) There are 3 stereoisomers – the two chiral carbons have identical substituents, so one of the
isomers has an internal plane of symmetry (a meso form) and is not optically active even though it has
chiral carbons.

KEY TAKEAWAY
Optical isomerism: a carbon bonded to four different groups is chiral; enantiomers are
non-superimposable mirror images that rotate polarised light equally in opposite directions; n chiral
centres give up to 2^n stereoisomers (fewer with a meso form).

LOS: Functional groups and isomers (91391)

Question 2 (15 marks) [Reactions of organic compounds]

(a) Consider the reaction sequence butan-1-ol → (A) → (B) → (C) → (D) Starting compound: butan-1-ol.
Final compound: butanamide. (i) Give the reagents and conditions needed for each step. (ii) Draw
(condensed structural formulae) and name the organic product of each step. (iii) State the observation for
the oxidation step and explain why the oxidation of the alcohol needs different conditions to give the
aldehyde and to give the acid.

(a) Answer: step 1: butan-1-ol → butanal (acidified potassium dichromate); step 2: butanal →
butanoic acid (excess acidified potassium dichromate); step 3: butanoic acid → butanoyl
chloride (thionyl chloride); step 4: butanoyl chloride → butanamide (excess concentrated
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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. 4 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 91391 Organic papers:
testpapershub.com/collections/ncea-level-3-chemistry-91391-organic/

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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