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QUESTION ONE
(a) Draw the Lewis structure for each of the tgg_bimk molecules, and name their shapes. @
NI, H,S CS,
Melecnts (nitrogen triiodide) | (hydrogensulfide) | (carbon disulfide)
Lewis structure H -S ~H §'—= c=$
I3 N T
\
30
Name of shape | Vcigsnal pq‘w.da}- bent LinRoy
Approximate
bond angle around 109.5° 109.5° 180°

central atom

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

HNO.
SIH, HNO
Mntoculs (silicon tetrahydride) (azanone)
H
I .
Lewis structure H—Sl,i—H H-N=0
b - _
Tetwhedtah wa® Bent CA cegivns)' 120°

flicon teiahydvide (SR GHW) Las Seud ceqaons of proahiR chaiqe

acound e cantval QI otons ThesR (eaatts  nawinis®  gepadation 4o

mininise  yepulidan, Lo ming o AeAvahedcal geomt*fj warkle qgemxamﬁ
bord ongles & 10A5% AN foux of Aner (RfonS aqk bdndieg (Radonl

Hhexefoce dhe shop? of $iMy 1§ Aenanedial-
B0 A oo hawd,,

rﬁzd-nonq CHNG) Wa$ Aheeo {€op2NS ok nesok'wo. o\,-.ou:se ocound e

rattoh N atom: Twese TORONS maxioniSR  Sepacatioh 46 iR

repulion; Soianiog o Avigora) planay a)%mﬁ"r‘ﬁs w Y apeyox’ ek

bord 0«3\@5 of 1T Two L4-01R (2ad00§ 0  bordhg  (eoiong
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(c) Hydrogen sulfide. H,S, and hydrogen cyanide, HCN, molecules have a different shape, but they
both have the same polarity.

The Lewis structure of both of these molecules are shown below:

5y
hydrogen sulfide H-S ~H

gﬁ e -
hydrogen cyanide H- & = I\} :

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

@ Non-polar

(i) 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.

Hydtoges seltide CHiS) Was U ceqons of negplR dhoaR oroud croiwal §

oXom: T oF Anese reonars o b“""“""z ovd 2 ore *ﬁ\?w“ﬁ‘ o WAy
R approximade wad angle of WA'S® 4nd o Lt VOPR T L1, < has
©l 2 polay K-S wWads, with  § ARG e mock leLivonegatiwe.

; E\ec&wcrecbm&«#aj 5 N cx\'s't\;"f\s ok o0 oM Ao athack Qlectxons.
g Hydvonee cyanide CHAN) hos o \ipeow thap’ with knd ongley of IR0

. - ._
T G REEAS L e, G

; HENalso has polow Vonds: A H=C golax bond and CEN polac bond:

o Nheen M) s ke most Qleckvondgeding: Both Hhe molecdes 14,5 and
Y e have gn imbalacce of Q\Qg}wgnq?)u&%caﬁb Wt 8 bejog nost elec o
i GAKR W HhS and N bB0Y  most e\ethoreao R IS HON: e wolRc-
wloc dipoleg ok mﬁ rol\ecles do met concel ool HneR ey ace
O3S YAl im&‘jvﬁhm%f‘h bv'\‘n HaS and HON oxe \oo\tw moleunrles:

Al Mﬂs&d
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(d)

Cndo - X0

4

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.
HCN(g) + 2H,(g) — CH,NH,(g) A H=-158 kJQmol"
ex

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

Cogy = \g90 ¥J €= &Y xn
M COANH,) = S\-Q_Slmn\ SOt 4
BeH = =\SY e §/mol 1390= \S¥n  n= W Yomol
\
n= &=\ 7 \\.abmol o |
m="7
Je. -0 :
™~
™M= 310 %‘Lta oy 3‘“3
M = L\-QE%%\.Q

EARE S

The Mmas§ of methapomin® dormed  Bhea 13AQ KJ of

enexgy & (eleased 1§ 3M\g

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

€ oL nic
A AN ) 4 lﬂlgg) .
@qu.r'rﬂn‘\ﬁ - .
Energy —&H Energy
= IS{FSige)
Yyoduck
HyN, cg)
Reaction proceeds Reaction proceeds
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QUESTION TWO
(a) Complete the table below for each substance in their solid state.
Meltin Attractive
Solid it (o(g:) Type of solid | Type of particle | forces between
. particles
: : Stvonq
SiO,(s) covaleot Atoms a0
(silicon dioxide) i nerwock v
i ol ink€x
SiCl,(s) 69 HO\._'QA - tMolecules ::’Q\Q_(_.A oy
(silicon tetrachloride) solid ¥ duc
CuCly(s) Tonic . Tant Tarut
¢+ | (copper (1I) chloride) 62 Solid bondi 0q
. cations wn a & :
ini : i§R0 € A
(aluminium) solid s QChvong wonding

(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.
Si€lu 8 a molecular solid mode up of molecules held 4oaethes
by weals jotex- poleanlos forcry: SineR W Ahe molecol\es ave ponded
Aogeed by weale atex- po leaday Soccey, \esS heod (S (%M
Ao brea) Ao bonds, AhegeSoce $1Cly meWs ad o lowex ARmpecatwre.
G0z on Ave othes hand)iS o covaleat netwock, aode up of § and O
aloms Weld Aogethay by siong covaleat bonding. Since e adoms oxe
held ‘ogether by shong ovalent londing, loks of WRak s (%\g‘«ed-&o
beeok nese  bonds, dhus S102 peelts ok o highx dempexadnel.

RHM\« $02 ond SiQu contasn i CHilican), Aney e & difSece-

A
\ R WoAS b e A i
PR I8 IR B bonﬁ:gs e Wonr “dilSexen§eskeeagim of

MMW ThexeSove hnSSecent

,qumo.«\v&es oveL eonn@ A—M\mnd\ns_ W e sulshoncRy) me.&&-inj
Mhenn ot Aiffesend Aamp ek atucey:
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(¢) Explain why silicon tetrachloride, SiCl,, does not dissolve in water, but copper(II) chloride,
CuCl,, does. 7

In your answer: -
. link to their structure and bonding
. include the type of solvent that SiCl, ‘.”’.’,i“, dissolve in, and why

« include a diagram to support your answer for CuCl,.

Gilicon Aeiochlocid® 5 clu) § o aclewrlox substance, made wp ok

moleanles: SiCly is dlso npon-pelar: wWodex S o polox sulbstance:
8 sabstancel abi \\'«3 ‘o be solubleina golveok 1§ seen by Hhem
b ooy drocqed ons Sy dI% not Wk crougpd io0s Aleng
wih W, e atfracHR  focees At Soces bRrtwRen woakex
molead@s ond  §iUqg volecd® S pod anough 4o ovexeme

Texefore duk Av SiQ gl non-galay aatus® i 18 not oblR-o
4o disSolR n poldy watex: Howean®y, SiCla ces will disso\we
W ayddohxant  which 1S no0 -polo - The atactnr Aorees Aot

Sotm \rARenm  §idy owd wclohexane molec s 1S enovg\‘ D oveconr

atachR and
Moo exisMing "Socces 10 Ane  solude and solwend: Thass, duk 4o SiCla ced

“ySoexanes non-palow naduge, SiClu s sluble o c‘édo\‘\@xnna.
W a 20 lafhier srrvetuse

Gz 1S on One Suh‘s’“‘m‘d’\ made up of pO‘Hri"wQ\j dmv(se. CoppRx cotons
ond negafively cdratged Onloade onions: When Cula s 1o wotek, 4R gk

.
.

e eniskiog attvachR Sorces v Mk solodR ond golwent substeny

Lend  of uwrkec 1Y) Wil e atttocked Ao Mo n@dak\ut dnlocde omnons.
The ~eGARR bhand o wot®d CO) il be aMocked Aa-WR oogithR Coppex

@Mons, pulling KR io0S Scom the 20 latHee Sdvachuge: The atochwe
Soreks  forving between  Laates neleades ond Cula jons il bR movo\,
fo ovescome M exiSNng Sove®s W Mt soleae ond  golRot Thas
He 30 lathice gnvucauce of Gl ' preoR gad N 100 ot
Cullz '\ dissolve ' wodex.
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Diagram to show CuCl, dissolving in water.

e Y A -~ AP - - * G < - e - e D — - . - e -
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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.

10009
(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;Hy(g) + 50,(g) — 3CO,(g) + 4H,0(g) A H = -2044 kJ mol™!
M(C,H,) = 44.1 g mol™!
E-C0u¥ w« o | M.=0 1000 = 22:61S 1l oy
- ! = - 22 Tenol

e —
- e — —

= 204 ¢ 2261151 7
= 432 kT o 6,300 KT celeased

(i) Energy released by 1.00 kg of butane combustion
2C H, (g) + 130,(g) — 8CO,(g) + 10H,0(g) AH=-2877 k] mol-!

M(CH,,) = 58.1 g mol!

M= « €= &«H xq
M : coel

XD 2
000 = \1:2leno! o ! 3 AT
S\ i

112 ol 143%-S < 1 121071

(4}

P T NISAE] o 24,B00KT veleased

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

Propone= Hb, 300 ] Ub300- 240 = 2,500 ¥T
Buteoe = 2M,T00 K

3‘°°“’)o§r P Yo R ce\eaged 2, S00EY  aore Maan 170_0\13

&K \oulene.
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9
(b) The reaction of a hydrogen fuel cell is shown below. Hydrogen reacts with oxygen to produce
water.
2H,(g) + O,(g) — 2H,0(g) A H =-484 kJ mol™!
H-H 0=0 H-O-H 1.(°"“
H, 0, H,0 i
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
Act =  Bonds brolkken - Bonds  paode
~e ITWM-H % OO0 = B Ol
~4qd = 20430) + WAy - Gco-w)
-ugu =+\3'10 __ - dco=-H)
~4fd-13To= -4 o-v
- 1S4 = —-JdOo-H
ey N

O ¥ = U6dsS ¥J/mol

The avecage vond enecgy of M &= o-H bond
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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?
Gralwosd  musy have  delocalised  elecksons present, go
Mt e deckons Can Cosiy MOEQ ond Cbnd\uf.\—
Qechiadue

(i) 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 s_;at_gd.

Refer to its structure and bonding. 30

Conducts electricity: Pt\JV'in\u.M is o “paetlalic soWd N“*‘)‘e s, 4
of cokions \n 0 sea of delocolised eleckvons, \weld  Aogedieg
bj s"rtcms noa-diceckional  aedtalic baod:noa Dur 4o e
presence  of delocalised elechvons 1 Alumipium, W can
onduet Qe iy The delocalised elecdvons con Coxey
uoige from o ponkve Ao n@jﬁr\\uﬁ desaunad s Maus 1S
ased extentiidly in ovechead po.es hnes and in Smoch-

phoneS aand \aptopy
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Malleable: Muonimivm has non-dice ctionod melalic \ooﬂdif‘ﬂ'

This means Hek k. poriicles o e medad can slide past
cach in Ak latice stvachace when Sorce i§ opplied

o Wb wrthowk brealsing e Shrockuce: B Hence
Dluminiatn can be Q‘QSSQA ko S\-o\oes due to pon- divech-
onal b eetalic bond and s used dg  _5weS in PO
ofs ond shells v Smagk phont ® \aphops:
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Grade
score

Marker commentary

One

E7

The candidate was awarded E7 as linked comprehensively and compared the
number of bonded and unbonded areas of electron density around a central
atom repel to form parent and 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 failed to discuss the
symmetrical nature of a linear shape. In part d the mass calculation was
correctly rounded, and the enthalpy diagram was fully labelled.

Two

E7

The candidate was awarded M5 as they were able to state the particle type
and attractive forces for all solid types and compared and contrasted the
difference between the melting point of two solids linking their particle type
and strength of forces. In part c they linked attractions between a solute and
solvent overcoming existing attractions and polarity and attractive forces for
both the ionic and a non-polar substances solubility in water but incorrectly
drew water molecules as O;H so were not awarded the second excellence
opportunity for this part of 2c.

Three

E7

The candidate was awarded E7 as they correctly calculated how much more
energy was released from propane with correct units (rounding not required
in part a). In part b they did not round their final answer so were only
awarded a merit grade here. Correct descriptions of metallic bonding in were
given in part c for conductivity and malleability with clear links to uses.






