No part of the candidate’s evidence in this exemplar material
may be presented in an external assessment for the purpose
of gaining an NZQA qualification or award.

91164

911640

NZQA

SUPERVISOR’S USE ONLY

Draw a cross through the box (X))
if you have NOT written in this booklet

Mana Tohu Matauranga o Aotearoa
New Zealand Qualifications Authority

Level 2 Chemistry 2025

91164 Demonstrate understanding of bonding,
structure, properties and energy changes

Credits: Five

Achievement

Achievement with Merit

Achievement with Excellence

Demonstrate understanding of bonding,
structure, properties and energy
changes.

Demonstrate in-depth understanding
of bonding, structure, properties and
energy changes.

Demonstrate comprehensive
understanding of bonding, structure,
properties and energy changes.

Check that the National Student Number (NSN) on your admission slip is the same as the number at the

top of this page.

You should attempt ALL the questions in this booklet.

A periodic table and other reference material are provided in the Resource Booklet L2-CHEMR.

If you need more room for any answer, use the extra space provided at the back of this booklet.

Check that this booklet has pages 2-16 in the correct order and that none of these pages is blank.

Do not write in any margins (*

+ ). This area will be cut off when the booklet is marked.

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.

Merit (TOTAL 15 )

© New Zealand Qualifications Authority, 2025. All rights reserved.
No part of this publication may be reproduced by any means without the prior permission of the New Zealand Qualifications Authority.







Thwese bownds Yegquive A let of ewnetvoy o be bvoken

o mMed ning a lava e Awmeunt of heot it wneeded to  geb

.‘: 'f ] meéony

¢ 7 v iemie  Selid Y0 waelr, Thif  gires  iomic  selidr genesdlly
5% have high  melking  osints.

o] Moleculavy Solids ave ®™ade up ot  covalenty bvonded Atrowmy

(w\g\gcm\g;\' wot Are ‘oonde d Yo edch OYhay Wi,
wWeak iNFevwolecurdy Covees. Becousse Mese bonds arq

WesR, Paey A0 wot veguitk ™Muchk  enevay \w ovdev to  Be

Bvoltwnn: TWIS  wredwng Mirrle  Wedvr 135 weeded Yte me\w AL T

e qiving mwele cwnlay Seolidg genevilly \ew W\Q\\'\hﬁ Point .

The MWighev e wr\twvg pPoint of a Se\id, The Shenmoav
e Fovees hetwa e ks pasrioles.

s (¢) Diamond, C, and gold, Au, are both used frequently in jewellery making, but their properties are
very different.

% Diamond is very hard and can only be scratched by a substance equally as hard as itself. Gold,
however, is malleable and ductile, and is used to craft intricate shapes and patterns.

- J Explain how the structure and bonding of each substance results in these properties.
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The development of the Haber-Bosch process, shown in the reaction below, is historically
significant.

N,(g) + 3H,(g) — 2NH,(g) AH =-93.0 kJ mol!

Calculate the average bond energy of the N=N bond in N,, using the average bond energies
listed in the table below for this reaction between nitrogen, N,, and hydrogen, H,, that produces

ammonia, NHS.

Bond Bond energy (kJ mol™) N
H-H 436 N=N H-H I
N-H 391 H

2
. <H-'*‘l—\-* - 3<H-H) . RIS AT b B 7T,
(o)

(’(N‘H\ - afWom) W G = AN D
GEAMY = S ad) #% = ~93.0
PEAL -~ AB0% B ® v %% -0
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QUESTION TWO

(a) (i) Identify whether each of the statements apply to endothermic (Endo) or exothermic (Exo)
reactions by circling the correct term only.

. The products have more energy than the reactants. / Exo
. Energy is released to the surroundings. Endo /
. The change in enthalpy (AH) for the reaction is positive. @/ Exo
(ii) State whether the following process is endothermic or exothermic, and give a reason for
your choice.
H,0(g) — H,0(¢)
ln e pvocess ot "n,0 Q0 N9y Cvom Ska3re of gos
*o a stove of \iguid , Wort  ‘omds must be
fovmed ™fawn Ovowmtn. F°'*‘\'\'\') VonAs re\eases enevay
\'\¢3Hn5 we e Suyvound inas, Wieve fove i YeacH om
is exoman v i C.

Ammonium nitrate, NH,NO,, is used in first aid to treat injuries. The energy change in the
reaction is shown in the diagram below.

WI
NH,(aq)+ NO, (aq)

Energy

reactant

Reaction progress

(iii) Is the reaction in the graph above absorbing energy from the surroundings or releasing
energy to the surroundings?

A\)S‘OVB'\'\Q enevagy  fvowm  twe Suvvgundings.

(iv) Circle the correct option for identification of the enthalpy change of this reaction (A H):

A H <0, negative A H > 0, positive

Chemistry 91164, 2025 09894
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All three of the compounds given in the table below contain polar bonds, but only two of them
are polar molecules.

Methanol Tetrachloromethane Water
H Cl
| I
H—(i‘,—OH CI—CI‘,-CI H-O-H
H Cl

(i) Define what makes a chemical bond polar, and give an example from one of the above
compounds.
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(ii) Circle the compound in the table above that is the non-polar molecule.

(iii) Use your understanding of structure and bonding to justify your choice of the molecule
you circled above.
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Predict the solubility of the following combinations of solutes and solvents by adding a tick (v')
to the correct column for each combination.

Solute and solvent combination Soluble? Insoluble?
Tetrachloromethane, CCl,, in water, H,0 /
Magnesium bromide, MgBr, in hexane, C;H,, ; v

Bromine, Br,, in hexane, C H,, /

What makes sodium chloride, NaCl, soluble in water, but iodine, I,, insoluble in water.

In your answer:

. refer to the structure and bonding of each substance

. explain how the substance interacts with water molecules

. include a diagram showing the dissolving of NaCl in water.
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Diagram to show NaCl dissolving in water:
TR
N
)
7
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QUESTION THREE

(a)

Different forms (allotropes) of carbon have different electrical conductivities. Diamond does not
conduct electricity, but graphite is a very good electrical conductor.

Compare and contrast the structure and bonding of these two carbon compounds.

In your answer:

. explain the structure and bonding of diamond and graphite

. define electrical conductivity in solids

. justify the difference in electrical conductivity between diamond and graphite.

You may include a diagram to support your answer.
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(b) Combustion is a chemical reaction in which a substance combines with oxygen and produces
heat.

When ethanol, C,H,OH, is combusted with oxygen, O,, carbon dioxide, CO,, and water, H,0,
are produced.

C,H,OH(?) + 30,(g) — 2CO,(g) + 3H,0 (¢) AH =-1370 kJ mol!

(i)  Calculate the mass of ethanol, C,H;OH, that must react to release 17500 kJ of energy.
M(C,H,OH) = 46.7 g mol!
we % nT =126 waw | m(C R oMY : 51Ty (356

Av ax M =y
vz V3500 m:%51,.93 1%

-1330

(ii) Calculate the energy change when 187 g of zinc oxide, ZnO, is produced in the reaction
below between zinc, Zn, and oxygen, O,.

2Zn(s) + 0,(g) — 2Zn0(s) A H =696 kJ mol-!
M(ZnO) = 81.4 g mol!

Question Three continues
on the next page.
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(c) Draw the Lewis structure (electron dot diagram) for each of the following molecules, and give
their shapes.
Molecule Co, CLO BF,
o
.. i Ve . \ . .
e = el @=C1% |.x - ® - F:
Lewis structure s o > S 4
o [ a\ *- ie e\
Name of shape [ineav s i Pyvomwi dal o Pronav
(d) The table gives information relating to the shape of each molecular substance.
Solid name Methane Ammonia
H
I . N
Shape diagram c g7 ZH
H” T °H H
H
Bond angle 109.5° 109.5°
Molecular shape Tetrahedral Trigonal pyramid
Compare the two shapes and explain the factors that contribute to:
. arrangement around the central atom
. molecular shape.
i Aunsiy
cH has & veaiowt of e\tcYvow which  veeel ke
& 9 1
oi'{ a WA ¥l muava sepevation of \Q 0\,5‘ (‘\- vegienT Y Ltvd hedva)
: bondin
c,v\(.'.-suvar\ "\\ ] \% Wwas 4. L e ) Yeoiowng and Q ngn-b.nJ;“a
vegims,  ivs shape  ir  Yetvawed val,
NH3 W 7 Yeaqions of t\tetvon ¢Qv\g\\-.‘ . WWiow vape\ Yo
oj.'vc A ™13 X\ Wavwa sepevaricon of \ga.5° ( 4 veolong Fehrvanedve)
conflamwdblon]. Ae Ny b3t 3 vending vegions  Sni
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Extra space if required.
Write the question number(s) if applicable.

linea v x X

‘\'V'w)ona\ P\ov\gv‘ bent X
\'t\'v)\ncA"O\ ‘\V'Igov\é\ bent
‘\'v‘“'\.“a\
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Extra space if required.
Write the question number(s) if applicable.
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Subject:
Standard:

Total score:

Merit

L2 Chemistry

91164
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Grade
score

Marker commentary

One

M5

The candidate was awarded M5. They correctly calculated the
enthalpy change for the given reaction, but failed to signify that it
was an exothermic reaction. They correctly identified types of
solids when given data, and fully discussed the relationship
between melting point and forces between particles with correct
details of particle types and structure. An excellence point was
awarded here. In part (c), they lacked detail when describing the
hardness of diamond, and implied that the non-directional bond
and delocalised electrons were responsible for the malleability of
gold, rather than cations sliding. An error in subtraction led to a
merit grade being awarded for part (d).

Two

M5

The candidate was awarded M5 as they were able to identify
exothermic and endothermic statements, and correctly identified
that bonds were made and that condensation is an exothermic
reaction with energy is released. They were awarded a merit point
for part (a). In part (b), tetrachloromethane is correctly identified
as a non-polar molecule, and electronegativity is explained
appropriately. The explanation in part (b)(iii) discussed bond dipole
cancellation and symmetry, but failed to mention the size of the
dipoles. Merit was awarded here. None of three solubility options
were selected correctly in part (c), and in part (d), the candidate
recognised that attractions (or lack of them) were required for a
solute to dissolve in water, with a correct hydrated ion diagram,
but could not be awarded a merit point as the discussion lacked
detail of specific solute-solvent forces overcoming solute-solute
and solvent-solvent.

Three

MS

The candidate was awarded M5. They were awarded an achieved
point for part (a), as they lacked detail of structure of either
allotrope with regard to the number of bonded carbon atoms, but
did identify that mobile charged particles were needed for
conductivity. A merit point was awarded for part (b), as they
correctly calculated the mass with correct units from the first
calculation. All Lewis diagrams were correct in part (c), and two
the shapes were correct. In part (d), the shape and bond angle of
methane and ammonia were correctly discussed and compared
succinctly using VSEPR theory. An excellence point was awarded
here.




