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(b) Carbon monoxide, CO, is a gas at room temperature and pressure. It contains a coordinate
bond.
S,CL(I) + Cl(g) = 2SCL,() AH = —40.6 kJmol- (ii) Draw a ‘dot-and-cross’ diagram to show the arrangement of outer electrons in CO.
2%rip 2 2 B

(b) SCi, is formed in the following reaction.

(i) Complete the ‘dot-and-cross’ diagram to show the bonding in a molecule of SCI,. Show Show the electrons belonging to the C atom as x.

outer electrons only.
Y Show the electrons belonging to the O atom as e.

(@

18 The dative covalent bond can be represented by an arrow, —. The arrow points towards the
atom receiving the lone pair.

(iii) The peroxide ion, O,*, has a single covalent bond between the two oxygen atoms. Each
oxygen atom carries a negative charge.

: B Which diagram of an ammonium ion is correct?
Draw a ‘dot-and-cross’ diagram for the peroxide ion. Show outer electrons only. g

A B Cc D
— - 2 -
{ { ? T
O - eJecJ’wm —Q(ovvl\. H—||\|—|-| H_T_H H—T—H |-|_||\|_|-|
H H H H

aA‘CI/e*M S \QCL.\ e>

6 Which type of bonding is never found in elements?

(i) Draw a ‘dot-and-cross’ diagram of C1,0. Show outer-shell electrons only.
A covalent

(B ionic
C metallic

D van der Waals’ forces
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32 Which molecules have no overall dipole moment?

1
2

boron trifluoride v~
methane —

3 phosphorus pentafluoride v

12 Which diagram correctly shows the electronegativity of the elements Na, Mg, Al and Si plotted
against their first ionisation energies?

electronegativity

electronegativity

A
1
Si
®
Al
®
Mg
®
Na
®
first ionisation energy
C
Na
®
Al
®
Mg
®
Si
®

first ionisation energy

electronegativity

electronegativity

Si
®
Al
®
Mg
®
Na
®
first ionisation energy
D
Ma
®
Mg
®
Al
®

y ®0

first ionisation energy



2 Which compound has the least covalent character?

At 200 °C aluminium chloride is a gas with M, = 267. Y 2t L‘."
A LiCl B MgCl, ©)Kcl D SiCl,

What is the number of covalent bonds, dative covalent bonds and lone pairs of electrons in one
molecule of aluminium chloride at 200°C?

covalent dative fe "’"S “L;HZ]: = 35/1\‘1/ PO(O“‘ '-SVJ /av"&( ! AAOJTSC /N'

bonds covalent bonds lone pairs " (an'US T\J/ \l—;\&io&\‘/ /I\
A 6 2 0
B 6 2 16
é 6 2 i 13 The graphs show trends in four physical properties of elements in Period 3, excluding argon.
3 0 9

Which graph has electronegativity on the y-axis?

A B
| [
31 Which gaseous molecules are polar?
1 ammonia\/
2 hydrogen sulfide\/
3 boron trifluoride Y~ - -
Na Mg Al Si P S ClI Na Mg Al Si P S CI

c ®©

32 A carbon monoxide molecule, CO, has three bonds between the carbon atom and the oxygen
atom.

Which features are present in one CO molecule?

1 two lone pairs of electrons \/

2 a co-ordinate (dative covalent) bond from oxygen to carbon \/

Na Mg Al Si P S CI Na Mg Al Si P S CI
3 two r bonds v~
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6 The gecko, a small lizard, can climb up a smooth glass window. The gecko

3 In which pair does the oj’mnd substance have a lower boiling point than the first substance? has millions of microscopic hairs on its toes and each hair has thousands of
'\MP\L PesNan \’\ H pads at its tip. The result is that the molecules in the pads are extremely close
A C;Hg and C,H:C! T | ' to the glass surface on which the gecko is climbing.
e
_ - C — Q.9 What is the attraction between the gecko’s toe pads and the glass surface?
B CH3GCH3 and CEHEO \_\
C Nei andi lAr | \ A co-ordinate bonds C ionic bonds
@kSSEH NH Y;\::é g H H B covalent bonds @ van der Waals
3 2 2 g
fad\wm} *P"“f
JSJjw 14 Which statement explains why iodine is less volatile than chlorine?

A Chlorine is more electronegative than iodine and so has more repulsion between its
8 In which change are only temporary dipole-induced dipole forces overcome? molecules.
' The greater number of electrons in iodine leads to larger temporary dipole-induced dipole

A CHsOH(l) — C2HsOH(g )‘\ &Joﬁe,/\ Ld&“’\a forces.

B HQO(S) = Hzo(l C The I-I bond energy is smaller than the CI-CI[ bond energy.

@ o D The iodine molecules have stronger permanent dipole-permanent dipole forces.
2

s) — Oy(l) v
D CiHio(l) > CaHio(S) net ovewome

5 Which compound has the highest melting point?

5 Descriptions of the bonding in three substances are given.

| substance 1 strong covalent bonds between atoms, permanent dipole-dipole

@ H,O B NH; C HCl D _
\ attractions between molecules

C> substance 2 strong covalent bonds between atoms, weak forces between molecules
L oD 2 Ot\@_ ( ( S 1 |cv\Q_, PN\{ substance 3 strclmg Tovalent bonds between atoms, hydrogen bonding between
molecules

80 Cd"l\ CD(N\ MO{Q.

Which compounds could be substances 1, 2 and 3?

l'\'(‘[&‘bj-enl\ Lu\&)s substance 1 substance 2 substance 3
2 Which physical properties of water are due to hydrogen bonding? A CEROH A ALCLs Chabinl
B ALCle X CH,Cl, v CHa%
: " : CH,Cl,v~ CH CH;OHv”
1 Water has a higher boiling point than H,S. \/ © = v’ ’
D CHs % CH:OH | H.0 v~

2 |ce floats on water. v
3 The H-O-H bond angle in water is approximately 104°.X
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Materials can be classified by their chemical structures. Four common types of structure are
metallic, ionic, simple molecular and giant molecular.

Some physical properties of four substances are shown in the table.

Which substance has a simple molecular structure?

melting point effect of electrical
1oC adding water conductivity
A 64 reacts good when solid
@ 113 v insoluble .~ always poor T
C 767 soluble good when solid
D 1600 insoluble always poor

5 The table shows some properties of four substances.

Which substance could be potassium iodide?

melting point electrical conductivity
of solid/°C when molten
A -66 poor
B -39 good
© 680 good
D 1600 poor

7  Which pair of substances are both simple molecular?
A Cg and graphene
@ Ceo and iodine
C graphene and graphite
D graphite and iodine

33 Carbon exists in several different forms. Two of these forms are buckminsterfullerene and
graphene. Buckminsterfullerene is a fullerene allotrope of carbon.

Which statements about buckminsterfullerene and graphene are correct?

1 Both have delocalised electrons. v~
2 Buckminsterfullerene has a giant molecular structure. "X D

3 The carbon atoms in graphene form a tetrahedral Iattice.X

3 Solid carbon dioxide, CO,, is similar to solid iodine, I, in its structure.

Which statement about solid CO, and solid SiO. is correct?

@ Both solid CO. and solid SiO; exist in a lattice structure.
B Both solid CO- and solid SiO- have a simple molecular structure.
C Both solid CO- and solid SiO- have atoms joined by single covalent bonds.

D Both solid CO; and solid SiO; change spontaneously to gas at s.t.p..

33 Carbon can exist as allotropes which include graphite, diamond and a fullerene.

Which statements are correct?

1 All three allotropes contain covalent bunds.\/
2 All three allotropes are giant molecular. %<

3 All three allotropes have delocalised electrons. %
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4  The structural formula of alliin is shown.
alliin
H H 0 NH,
€(|3=(LECH2—L.!.—CH2£(|3—H
! 5

What are the approximate bond angles x, y and z in a molecule of alliin?

X y z @ zZ XYy
A 90° 90° 109°
B 120°v'|  109° 90°
©| 12007 1200 100w
D | 180° 109° 109°

1 In which of the following molecules are the bond angles equal to 120°7?

1 BFsv" 2 NCLY. 3 H0 X

H

el

loov\&’mz]— ben 5 < ch\&\"] - JLSV‘Q. < Jlf>wz.

S f\J

4 Ethanal reacts with hydroxylamine, NHzOH, to form the molecule shown.

Ov&&( @’5 «e/fo\s\c%/\i"

I

. Lov\& < &ojo\c &w& < )Hl \D)e W

H o I 11
‘ ‘\\t‘" /-E\\Io RS A AICI;, BF3, PH;
H—G—C==N—0-—n B AICls, CO, NH;
X
‘°1.< H C BF3, CZH4, CgHE

B y.zx

C xzy

What is the order of increasing bond angle in this structure from smallest to largest?

C.H,4, CO,, H,O

D zvyx

4 In which set do all the molecules have all their atoms arranged in one plane?
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3 When considering one molecule of ethene, which row describes both the hybridisation of the
atomic orbitals in the carbon atoms and the overall bonding?

H Y

C need> 38 a«& a

hybridisation bonding & \ &
A sp” 4 ¢ bonds 1 n bond 'W
‘ sp? 5 ¢ bonds 1 = bond v -
3 S s
C sp 4 ¢ bonds 1 n bond ( I
D sp° 5 ¢ bonds 1 & bond S \4

,H
S =P

3 How many sigma (o) and pi (n) bonds are present in the structure of CO,?

A
®
C
D

o 8] (A¥] o Q
4]

T
:C-—
S
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1 The structural formulae of water, methanol and methoxymethane, CH;OCHs,

; ¢ Methanol and water are completely soluble in each other.
are given below.

/0\ /D \ /D N i Which intermolecular force exists between methanol molecules and
H H HiC H HyC CHs water molecules that makes these two liquids soluble in each other?
.......... L\ngfojmlw\&\
a i How many lone pairs of electrons are there around the oxygen atom in
methoxymethane? ii Draw a diagram that clearly shows this intermolecular force. Your
) diagram should show any lone pairs or dipoles present on either

molecule that you consider important.
ii Suggest the size of the C-O-C bond angle in methoxymethane.

o
...... 0H.5° . - & §- 3
2] '.O_H'_;‘_":O_’H
N
The physical properties of a covalent compound, such as its melting point, &H OJ C H
boiling point or solubility, are related to the strength of the attractive forces bend S
between the molecules of that compound. S

These relatively weak attractive forces are called intermolecular forces. They
differ in their strength and include the following.

A interactions involving permanent dipoles
B interactions involving temporary or induced dipoles [4]

C hydrogen bonding

By using the letters A, B or C, state the strongest intermolecular force in
each of the following compounds.

For each compound, write the answer on the dotted line. <\>\
ethanal CHCHO ... o h,c - ="
ethanol CHCH,0H ... Co. 4o C -0t
methoxymethane CH5;0CH;4 e A .......... ‘1’
2-methylpropane (CH3):CHCHs  ....... % .........

[4]



2

a i State whatis meant by the term pmfar when applied to a covalent bond.

 Owne. (\u&@o& . \’LL, mue_co g’ SM\’H‘LS[/\O"ZS ()M‘/ -
A decdan. mote. sl il

ii Consider the covalent bonds in molecules of hydrogen and water. State
whether the covalent bonds are polar or non-polar. Explain your
answers.

Bonds in hydrogen ... Qp

Bonds in water .. f’o\

Explanation . Of OJ\ \'\ob KA. "\vcg\ JLQ/ f)ﬁs}m‘{\@ J\V‘...._
o (\»\s&zjuf\ T M Jrk) L\&V"J pll Jre chered)! Peinl i [

[4]

b Ammonia is very soluble in water because it is able to form hydrogen
bonds with water molecules.

i Complete the diagram below to show how an ammonia molecule forms
a hydrogen bond with a water molecule. Include partial charges and all
the lone pairs of electrons.

S~
H \\‘g" §* J-
N:--—--- H—O
g / \
o He,
Sr

ii The bond angle in a molecule of water is about 104.5°. State the bond
angle in an ammonia molecule and explain why it is different from that

in water. .

Explanation .. N J'fojfﬂ\ .. NNON ... {"06 ‘ \o/\e

Pm( w‘/\*‘ __ OKJ\] AN No}‘ej \/w> 2 Iom famls

Bond angle in ammonia ..

[6]

¢ Ammonia reacts with aluminium chloride.

‘lv'j P‘a{w

Draw diagrams to show the 3-dimensional shape of the NH; and AICl;
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The molecule formed during the reaginn is shown below.
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Name the type of bond formed between the nitrogen and aluminium
atoms. Explain how this bond |s formed.
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