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QUESTION ONE
(a)

Draw the Lewis structure (electron dot diagram) for each of the following molecules.

0OCl CH,O

0 2 2

Molecule 2

H=-C—W
\
3

Lewis
structure

00 | ti-0-e

(b)

Carbon atoms can bond with different atoms to form many different compounds.

The following table shows the Lewis structure for two molecules containing carbon as the
central atom, CCl, and COCL,. These molecules have different bond angles and shapes.

Molecule CCl 4 cocl,

:é[:
oo b
€I-C~¢l:
:Q}:

.'CH)'-
Cl~C~Elx

Lewis
structure

Evaluate the Lewis structure of each molecule to determine why they have different bond
angles and shapes.

In your answer, you should include:
. the approximate bond angle in each molecule
. the shape of each molecule

. factors that determine the shape and bond angle for each molecule.
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BeCl, and BF, are unusual molecules because.there are not enough electrons for the central
atoms, Be and B, to have a full valence shell. Their Lewis structures are shown below.

:Cl-Be-Cl:

Both molecules have the same polarity.

Circle the word that describes the polarity of these molecules.

non-polar
/R L %
Justify your choice.

both Bellr and bFs are  polac Molecuses qpt e
be-cl bpads in Bellr and # EF bonds in BF ace
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(d) Ethene gas, C,H,(g), reacts with bromine gas, Br,(g), as shown in the equation below.

H H H H
| I
C=C_ (g) + Br-Br(g) = H-C-C-H(g)
| |
H H Br Br

Calculate the enthalpy change, A H°, for the reaction between ethene and bromine gases,
given the average bond enthalpies in the table below.

Show your working and include appropriate units in your answer.

Bond Average bond
enthalpy/kJ mol™!
AN = Bondy o ln —onds Grcaned Br_Br 193
Cc-C 346
C=C 614
C-Br 285
C-H 414

_ Boods foomed
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QUESTION TWO

(a) Hand warmers contain a supersaturated solution of sodium ethanoate which, when activated,
crystallises and releases heat,

Circle the term that best describes this reaction.

exothermic

Give a reason for your choice.

endothermic

Exclhermic veackions give _off heak, .

—

Glucose is made in plants during photosynthesis when carbon dioxide gas, CO,(g),
and water, H,O(¢), react to produce glucose, CH,,0,(aq), and oxygen gas, O,(g). The
photosynthesis reaction can be represented by the following equation:

6CO,(g) + 6H,0(f) — CH,,0(aq) + 60,(g) A H°=2803 kI mol™!

(b) (D)

Circle the term that best describes this reaction.

endothermic)
Give a reason for your choice.

Heat s abspcbed in s reachon making G

exothermic

madpq . foschHve = endotexoie
Polinve eatradpy. [sthve = edehecwie 000

(i) Calculate how much energy is absorbed or released in the photosynthesis reaction if
19.8 g of carbon dioxide gas, CO,(g), reacts completely with excess water, H,O(/), to
form glucose, C.H ,0(aq), and oxygen gas, O,(g).

Show your working and include appropriate units in your answer.
M(CO,) = 44.0 g mol !

M N
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T O4Sy  O-USyx 1803 gug- =1261.35
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A small camp stove containing butane gas, C,H,,(¢), is used to heat some water, as shown in
the diagram below. A student measures the temperature change in the water and calculates that
when 3.65 g of butane is combusted, 106 kJ of heat is released.

——— Thermometer

Metal can

—— Water

Tap

Small camping
gas ‘bottle’

The reaction for the combustion of butane is shown in the equation below.
2C,H (g) + 130,(g) — 8CO4(g) + 10H,0(Y)

(i) Calculate the enthalpy change (A H) for this reaction, based on the above
measurements. '

M(C,H,,) = 58.0 g mol ™!
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(i1) The accepted enthalpy change for the combustion reaction of butane gas, C,H, (), is
A H=-5754 k] mol™".

Explain why the result you calculated in part (c)(i) is different to the accepted value.

In youranswer, you should include at least TWO reasons.

(iii) Complete, including labels, the energy diagram for the combustion of butane gas
showing reactants, products, and the change in enthalpy.

Energy

' Heaclands

:ﬁ-l, 61 lc-jnui !

. Erudqu_

Reaction proceeds
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8
(iv) Butane gas is a useful fuel because when it undergoes combustion, energy is released.

Explain why energy is released in this reaction, in terms of making and breaking bonds.

No calculations are required.
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QUESTION THREE

(a)

(b)

Complete the table below by stating the type of solid, the type of particle, and the attractive
forces between the particles in each solid.

Attractive forces
between particles

Solid Type of solid Type of particle

Potviive
merallic FoCeS

(RoGiride + negphic)

Cu(s)

Mexalic
(copper) e

OOV

aoleuaay

/7‘.7

—_ WO\
MR CubC \ LA Moregialap

\ ; ‘forq,s T g

PCl4(s)
(phosphorus trichloride)

S

Si0,(s)

CLovouend
i AN
(silicon dioxide) QO

W ikwot L =

\OQ\NC

{00
MIAR Lo

KClI(s)
(potassium chloride)

Phosphorus trichloride, PCl,, is a liquid at room temperature, and does not conduct electricity.

Explain these two observations in terms of the particles, structure, and bonding of PCI,.

N\_ecm_f\S*\—ue o “5, Scer_onpliac@IFCHonS bhak

Weans ok DoAdS CaR ecsiy e oolen Leithin e
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(c) Consider each of the solids copper, Cu, silicon dioxide, Si0,, and potassium chloride, KCI. AgEEESORE Extra paper if required. ASSERRCHES
= auesrion Write the question number(s) if applicable.
Complete the table below by identifying which of these solids have the listed physical \\\
properties: A
Physical properties Solid - RS \ e
The solid is insoluble in water and is C W [ \\ e PSR
malleable. e .
The solid is soluble in water and is not K C\ \
malleable. I Lt ) — ——\\ B st TR AT S S P P A
\
The solid is insoluble in water and is not - ~ i i X F -
(D\ Oq_
malleable. B
Justify TWO of your choices in terms of the particles, structure, and bonding of these solids. 7
You may use diagrams in your justification. . . .
L1 asoluble @ Wate: MRMARLA G W\ 1S A WAallic |
S0 | i o -
Sonvd. e asomg ik Cw oty & S0 \latice. we )
Cétﬁ ﬁo—\- }
W vopmsee ol e lendS of this Solid So ket )
IS Soue @ vasec. Although it IS ot Sduble, it .
s valedde . Tl bendsS  tactia WS RO \athice ace
aodble to be Nt and shll cemain obtacled . TWs ywsy |
Chonaes M e ofF o Ccu S - |
KU by Sdube i mader 8 W 1> oole to comvedk oo | | * ,
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QUESTION ONE

(a) Draw the Lewis structure (clectron dot diagram) for each of the following molecules.

Molecule 0, OCI2 CH,O

g rlyo = e &

Lewis

O-:O
structure % A

> s
e

(b) Carbon atoms can bond with different atoms to form many different compounds.

The following table shows the Lewis structure for two molecules containing carbon as the
central atom, CCl, and COCI,. These molecules have different bond angles and shapes.

Molecule CCl 4 COCI2

-\ \-\%Or\"\l e\o.ﬁa(
'.?.-
10q° :Cl-C-Cl:

*ritbaﬁ}\

s pymesial
. | .
C| —(i) —Q| :
C|

- Ve = ’
Lewis

structure

Evaluate the Lewis structure of each molecule to determine why they have different bond
angles and shapes.

In your answer, you should include:
. the approximate bond angle in each molecule
. the shape of each molecule

. factors that determine the shape and bond angle for each molecule.

° Ta ¥e CCly mdecule Wnete oafe Y tegions

Oge\%\mns sucounding each o C Ae oloms.
AC Xey Wil owange Ahemn§eNes n
g Aagoaal  pyramdal —acrangement Voecure

b oond angle W\ appoximaely
> Lo Xhe (OC\, wolecule Anece ase only
v D (eanons ok e\echions Swncrounding

Hhe YU odoms. To punimise epw\Sion
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(c) BeCl, and BF3_.,a1’e"'ii'1'1usual molecules because there are not enough electrons for the central
atoms, Be and B, to have a full valence shell. Their Lewis structures are shown below.
Cl-Be-Cl:  :F-B-F:
£ F

Both molecules have the same polarity.

Circle the word that describes the polarity of these molecules.

-

polar ¢ non-polar

Justify your choice. e

° Faon of Mese  anolecules ase non-edac

_dishdlenMon 08 charge  Wacough oul Ane

Ta the BeCl, Y nmdreule

_nnolecule.

L = cwm_o)u:& _________ =

W\e
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(d) Ethene gas, C,H,(g), reacts with bromine gas, Br,(g), as shown in the equation below.

H H H H

\ / | |

/c:c\ (g) + Br-Br(g) - H-C-C-H(9)
I

H H Br Br

Calculate the enthalpy change, A H°, for the reaction between ethene and bromine gases
given the average bond enthalpies in the table below.

2

Show your working and include appropriate units in your answer.

Bond Average bond
enthalpy/kJ mol™!
Br—Br 193
C-C 346
C=C 614
C-Br 285
C-H 414

A(\’\d —_ (boqc)\s Voroke

(=) v a(-R)r (Be-Rc ) — (C-OHURI Y
(W) L) +(\A3) — (36 ) 0285 ) + L (Uin)
=cg&oj;kﬁﬁbﬁﬁbas)fragz%b)&CGWO)f<\b%6)

= AR T
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QUESTION TWO

(a)

(b)

Hand warmers contain a supersaturated solution of sodium ethanoate which, when activated,

crystallises and releases heat.

Circle the term that best describes this reaction.

3 7\\
(_exothermic )

endothermic

Give a reason for your choice.

2VWothmecmic (gac\ons g xeleose  \neal o AW

envisommnent (heat we).

(i)  Glucose is made in plants during photosynthesis when carbon dioxide gas, CO,(g),
and water, H,O((), react to produce glucose, C.H,,0,(ag), and oxygen gas, O,(g). The
photosynthesis reaction can be represented by the following equation:

6CO,(g) + 6H,0(¢) — C,H,,0.(aq) + 60,(g) AH®=2803 kJ mol™!
Circle the term that best describes this reaction.

(iéndothermic \\)

~—
~——

—— -

exothermic

Give a reason for your choice.

QA QOS\\NQ B{\’\ \IO\\U\Q, wneans Qhugvl \$

\Oe\f\g «\Q\,(en Q(Ufﬂ \\r\Q. Qf’\\l\wn'nun\' C%ﬁu\f\j Co\o\er):

(i) Calculate how much energy is absorbed or released in the photosynthesis reaction if
19.8 g of carbon dioxide gas, CO,(g), reacts completely with excess water, H,0((), to

form glucose, C,H,,0(ag), and oxygen gas, O,(g). 215
Show your working and include appropriate units in your answer. - o S
M(CO,) =440 gmol! | N =M HIN
o e
N= Mm__ e

m\—‘i\—- on - %qs
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(c) A sm.all camp stove containing butane gas, C,H, (g), is used to heat some water, as shown in |assessors (ii) The accepted enthalpy change for the combustion reaction of butane gas, C,H,(g), is ASSESSOR'S
the diagram below. A student measures the temperature change in the water and calculates that | A H=-5754 kJ mol-.. s
r

when 3.65 g of butane is combusted, 106 kJ of heat is released.
\ Explain why the result you calculated in part (c)(i) is different to the accepted value.

In your answer, you should include at least TWO reasons.

o the \wo anguess Wil be difeent rcause
Og; E;ab\c)f S _Suctw  as \hNe eny \'onmcr\t R
\:\QO\\ gwen out ‘01*1-%2. achion waill not

= —e

Water | , QL:%O &fé‘\_o hEO\\\_ﬂ__(j \_\'\Q-WO\\ QT-

Thermometer

—— Metal can

< QA%O\\'W- oo \Ov\S\m'\ ceac,klu_n mau\_;\d\‘ o
Tap ‘ ‘ e

loe  comgele , the geachans mghY

Small camping

gas “bottle’ C@oN Q«\\v\{co\b\ Yo g eodacRk as

_oaaen ead,  Wece Ae AW i) |

The reaction for the combustion of butane is shown in the equation below. e \ess. / /
2C,H,4(g) + 130,(g) — 8CO,(g) + 10H,0(¢) |

(i)  Calculate the enthalpy change (A_H) for this reaction, based on the ab
measurements. i) ’ i A (i11) Complete, including labels, the energy diagram for the combustion of butane gas

MIC,H.) = 58.0 1 { showing reactants, products, and the change in enthalpy.
4thyp) = 20V gmol”

] < ~6€
= EET =l o —~c—=adl

SRCEEES o = - Energy
. nz20.06%eN f

(B 6613 RT o\

. - Froducts ."-\

a2 forme }

(> |
£ j
= |
»

(e C \‘iU'\
Sheps. -

v

Reaction proceeds
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(iv) Butane gas is a useful fuel because when it undergoes combustion, energy is released.

Explain why energy is released in this reaction, in terms of making and breaking bonds.

No calculations are required.

Bulane conmoustion ceackiga i85
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QUESTION THREE

Complete the table below by stating the type of solid, the type of particle, and the attractive
forces between the particles in each solid.

Attractive forces

o . Type ot parisle between particles
Cu(s) melalic C’«Jr‘om e Nal\e
(copper) = —Cne Q\) \oonAS
= -’/"—- e ———
. N . .
PCLE® — |rnolecule | ™ SEd — AToiReulas
(phosphorus trichloride) o s C oXom g) p S

SiOZ(S) CON C\\eﬁ ‘T AXoang Co~aalen X
(silicon dioxide) e woos K oo r\dLB
KCI(s) :\' onic _I.O‘('\S NTonic ‘©on o XS
(potassium chloride) o e J—

Phosphorus trichloride, PCl,, is a liquid at room temperature, and does not conduct electricity.

Explain these two observations in terms of the particles, structure, and bonding of PCl,.

S TRTT . e wWe, W\ has wealk
v« _oads  holdt g
\—038&\@: AY oo ierv\peco\*‘e&&e

R r\;—f W\o\ecudc,\(

*\\c i *0%‘2- \\'\QC )

< " R
_choesn t  conduck elec ) {_ﬁ;s,,s;—__dj pecause N\

B CA\Q'('\CQ__ %\Qc"\mr\ o

e no '?&'QQ_

\kecc?drt_,,f_'\kca_

\.)00\4\

529

A%

Chemistry 91164, 2015

\here

ASSESSOR'S
USE ONLY




10
(c) Consider each of the solids copper, Cu, silicon dioxide, Si0,, and potassium chloride, KCI.

Complete the table below by identifying which of these solids have the listed physical
properties:

Physical properties | Solid

The solid is insoluble in water and is

malleable. COQ'@Q< / CV\ e

The solid is soluble in water and is not
malleable.

Lol assivm CW\ecide X C\

The solid is insoluble in water and is not % e . :
malleable. Qcon d\\oﬂ\c}\(if, %‘Oi

Justify TWO of your choices in terms of the particles, structure, and bonding of these solids.
You may use diagrams in your justification.

2 Cogs

S\$ \r\ so \\A\D\Q :/\ wa\&( \OQ,CQ\&SQ

| me;\c‘\ gO\ d -\\Aetg;_;_ji__\oomp\s s &’troaﬂw

_enoug\h k\\o\\‘ Me  wodet Wil not effeck

1(\\9_ \oor\&s and i R Uuo'ﬁ‘\' o\isg\ove §°PP€"

o onallealbe  ecause Y has  Rree valence
elecArons  th at ate alble ‘o <\id ovevw 7
AW et when \xceSSvﬂ‘e L c\\:,\c;\\eo)\ j\hce?vft
m‘ac\\dts malleaVe, / / , )
¢ Rlossion s an @ ‘ao\u\\o\e_ o wc«\u becanse

e weaK (oniC vonds ace QQQ@:&QCAW \oﬂ
Ae wolecilas ponds WA N waler mc;‘\ec“\?
L _____ULQ"“C ~A\ss seMioh w\\ cdhisgalve g wedec
KC\ s e noX malleoble bemuse \ bas

AT QSQD—— '“'\O\l\ﬂ = ww\QGCQ-_____Q\QQ’\fgﬁS wolen (LESIAT

A T;Q@p\\%d \\AQ soWnd Wy a\\ Votecak becanse
R\ Qachide wd‘«nﬁ\wksu\dmeumb\e

Yea do s A of  moved ocvoss each. O*Me.f“,
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