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QUESTION ONE

(a) Draw the Lewis structure for each of the two blank molecules, and name their shapes.

central atom

Molecule Bk 0 L8,
(nitrogen triiodide) (hydrogen sulfide) (carbon disulfide)
Lewis structure -L"" N -1 Ha-H S -

‘ .
5
Name of shape Trigonal pyiamid bent LWrear
Approximate
bond angle around 109.5° 109.5° 180°

(b) Compare and contrast the shapes and bond angles of silicon tetrahydride, SiH,, and azanone,

HNO.
SIH, HNO
Melecule (silicon tetrahydride) (azanone)
H
I L
Lewis structure M~ Sli -H H-N=0
H v
i — o
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‘ Bent Shape
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(¢) Hydrogen sulfide, H,S, and hydrogen cyanide, HCN, molecules have a different shape, but they f'lU- .
both have the same polant)

The Lewis structure of both of these molecules are shown below:
hydrogen sulfide H —S el

hydrogen cyanide H-C=N:

()  Circle the word below which identifies the polarity of both H,S and HCN.

( Polar ) Non-polar

(ii) Justify your choice of polarity by:
explaining the links between the bonding and structure of each substance, and

relating this to how the polarity of a molecule is determined.
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(d) Methanamine, CH,NH,, is used widely in the production of pharmaceuticals, fungicides,
insecticides, cleaning agents, and in the fabric industry.

Although hydrogen cyanide, HCN, is highly poisonous, it can be used to produce methanamine,
as shown in the reaction below. / oo

HCN(g) + 2H,(g) — CH,NH,(g) A H=-158 kJ mol!

(i) Calculate the mass of methanamine formed when 1890 kJ of energy is released.
M(CH,NH,) =31.0 g mol"!

Z:ﬂ#xh (270 = 78 « n
- /

Nz -9 a

n= m/y = Il-96= m/3f-0
s (ETx3y

m= 3708y (37/7,).

(i) Choose the correct energy diagram that represents the reaction above and label it with the
information provided in the equation.

. -~

Rakunts

/ At = ,|{‘1
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Reaction proceeds Reaction proceeds
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QUESTION TWO

(a)

Complete the table below for each substance in their solid state.

Attractive

Solid p‘;‘;ﬁgg) Type of solid | Type of particle | forces between
particles
SO, (s) es (foms (valmt
(silicon glioxide) e 4 N q(wf tekia RBondin g
SiCl,(s) 5 Ygaio pole odas weaw Iwerrwieudar
(silicon tetrachloride) Ww or oy / honds
CuCly(s) 620 LA iohr’- [(uho"‘ QJMM(‘ mfﬁ\t)‘{m /
(copper (I1) chloride) AE hi-mﬂ. L DAL lunding
Al(s) 660 wralaic “V’!)D\l W" WQ\\E v
(aluminium) P(hm\f . h)(\d'\nvr :

P

(b) Both SiO, and SiCl, contain silicon, but SiCl, has a considerably lower melting point. ~ ~ >

Explain why there is a difference in melting point for these substances.
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(c) Explain why silicon tetrachloride, SiCl,, does not dissolve in water, but copper(II) chloride,
CuCl,, does.

In your answer:
. link to their structure and bonding
include the type of solvent that SiCl, will dissolve in, and why

include a diagram to support your answer for CuCl,.
Coppet (Onyenca i€ an imic Suastoner Wkl
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Coppes ions (o) and vegodive O fons ( Anions )
T Hwodue s '=ld VP ‘\.azfip Llehost adic
cotrachion  bohten tC AnenS Gnd Cohons eves as
ierom s “oPposidl, Cagd 00T oFrad . CHWS 1S
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Diagram to show CuCl, dissolving in water.
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QUESTION THREE
Bottled gas supply in New Zealand is a 60% propane, C,H;, and 40% butane, C,H,;, mix.

The combustion reactions for both propane and butane fuels are given below.

(a) Show by calculation how much more energy is released per 1.00 kg of propane compared to
1.00 kg of butane.

(i) Energy released by 1.00 kg of propane combustion
C;Hg(g) + 50,(g) — 3CO,(g) + 4H,0(g) A H =-2044 kJ mol™!
M(C;Hy) = 44.1 g mol!

9= - 20ul x 22 .87
2= 46349 206 (-4 63008

n= wym- n> (0w /44y = 2247

(ii) Energy released by 1.00 kg of butane combustion
2C,H, (2) + 130,(g) — 8CO,(g) + 10H,0(g) A H =-2877 kJ mol™!
M(CH,,) = 58.1 g mol™!

g = =25 77 x [1:Li2
e il Gec il

= M/M—i ’4={00(//§§./
n = 17: 212

(iii) Calculate how much more energy is released by 1.00 kg of propane than 1.00 kg of butane.

propare = -46349.20¢
vdare = LerJe. o]
AdilFerent. - R br. oo wymot 7
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(b) The reaction of a hydrogen fuel cell is shown below. Hydrogen reacts with oxygen to produce

water.
2H,(g) + 0,(g) — 2H,0(g) AH =—484 kJ mol!
H-H 0=0 H-0O-H
H, 0, H,0

Use the bond energies listed in the table, and the change in enthalpy (—484 kJ mol™!) provided for

the reaction, to calculate the average bond energy of the O—H bond.

Bond Bond energy (kJ mol™)
H-H 436
0=0 498
3 4(H-H) 7 hx u3f = |TuYy
@’O) = Wag E hay

ol = 22U 2 ey w7

by d
= _4q(orb)" ba

Bl = 21ML - b

TRy - L103E
W = e %19 (& wal -

G-tie ©%2 Wil (o gy

Question Three continue
on the next page.
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(¢) *Galvorn’ is a newly developed form of carbon that is strong, light, and has good conductivity.
With its clean manufacturing process and wide range of applications, it is anticipated that
Galvorn could reduce the reliance on standard metals that are energy intensive to produce.

(i)  As with graphite, Galvorn conducts electricity.

What requirement must Galvorn have to allow it to conduct electricity?
Tere wnst be feee *Plou&wa, raree [ Unareyd
P AT, Ce&&ﬁm\f) WA Aa) voyn .

(ii) Aluminium, Al, is also a good conductor of electricity, and it is malleable (can be pressed
into shapes). These properties enable it to be used extensively in overhead power lines and
for components and shells in smartphones and laptops.

Explain why aluminium, Al, has these properties, and link it to the uses stated.
Refer to its structure and bonding.

Conducts electricity: NWMN\M s G Y"‘U\"‘*J gcNdf WMCh
Osithy of 4 AD ladtian Siwcte W wWhath  \oo
Veld valanu Sudons ove Odrakd T© relghbor ng
tons (> Alomiiiom (adions ML g S of  delacadized
adorS ) NI ism On Medaliic boanding
Adve 4o Fu  AMhecalizd RheOme \ging oy~
Cm’h{l\gr.)ﬂwg; o WMaallic \omﬁw,} Trew are
Lee 4o oo Mvoughedr 4 SbeTang in
vom Slid and wellEn SlakRs ) ‘rena. WIS
YeONns rod  clwainum, / el (S q
Y 0ot (ondwIo {ay o ANOrepd  Pantd
Cliw TQughe 4 Stmodua ).
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Grade
score

Marker commentary

One

M5

The candidate was awarded M5 as they correctly drew and named the shapes
of Lewis diagrams and were recognised that the number of bonded and
unbonded areas of electron density around a central atom repel to form final
shapes with specific bond angles. In part c they identified that the
electronegativity difference between atoms and symmetry of shape
influences a molecules polarity but mistakenly had polar bonds cancelling for
one molecule. In part d the mass calculation was correctly calculated but not
rounded and the enthalpy diagram was only partially labelled.

Two

M5

The candidate was awarded M5 as they were able to state the particle type
and attractive forces for all solid types and explained the difference between
the melting point of two solids linking their particle type and strength of
forces but did not compare and contrast. In part c they recognised that
attractions between a solute and solvent must overcome existing attractions
for the solubility of both the ionic and a non-polar substance in water but
incorrectly labelled the dipoles on a water molecule so was not awarded the
second merit opportunity for this part of 2c.

Three

M5

The candidate was awarded M5 as they correctly calculated the energy
released from one fuel in part a. In part b they mistakenly doubled the
number of bonds broken in one reactant so were only awarded an achieved
grade here. The description of metallic bonding in part c was good for
conductivity and malleability but there was no link to uses.






