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Chapter 3

Chemical bonding

3.1 Metallic bonding

112. 9701 w20 _qp_11 Q: 5

Copper has a high melting point.

What is the reason for the high melting point of copper?

A strong attractive forces between copper atoms only
B strong attractive forces between copper ions and delocalised electrons
C strong attractive forces between copper ions only

D strong attractive forces between copper atoms and delocalised electrons

3.2 Covalent bonding and c@inate (dative covalent) bonding

113. 9701 _s21 _qgp 12 Q: 8
Nitrogen and oxygen can react to m nitrogen monoxide, NO.

N2 + O, - 2NO AH = +180kJmol™

What is the bond energy of the bond between the atoms in NO?

A 630kJ mal? Okdmol™ C 1260kJmol” D 1620kJmol™

L 4
114. 9701 _s20_qp_11

When considering one molecule of ethene, which row describes both the hybridisation of the
atomic orbitals in the carbon atoms and the overall bonding?

hybridisation bonding
A sp? 4 ¢ bonds 1 © bond
B sp? 5 & bonds 1 7 bond
c sp’ 4 5 bonds 1 © bond
D sp° 5 & bonds 1 7 bond

39
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115. 9701_s19_qp_12 Q: 4

CHAPTER 3. CHEMICAL BONDING

A o bond is made between two carbon atoms in a molecule of ethene.

Which diagram shows the orbital overlap that occurs to form this bond?

A B

o

D

® @O cape ¥

116. 9701 _ml18 qp_ 12 Q: 6

Sadium hydroxide neutralises acid.

In a 11000dm*® sample of an aqueous solution, the concentration

H* + OH - H,0

1.26 x 10" *mol dm™.

Which mass of solid sodium hydroxide neutralises the acid?

A 002149

B 0.0504g C 236g

<

[HT, is

N\
: @*

117. 9701_s18_qp_13 Q: 4

Which statement describes the bond between ca

A
B
Cc
D

a m bond between an s orbital and an sp®

a © bond between an s orbital and a

a o bond between an s orbital aa
a ¢ bond between an sp® orbital

118. 9701 _s16_ qp

n a@rogen in an ethene molecule?

-9
What is th&bqr‘ct n
®
covalent co-ordinate
(dative covalent)
A 6 1
B 6 9
C 7 0
D 7 1

nds of each type in the Al,Clg molecule?
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119. 9701 w16 _qp 12 Q: 6

When solid aluminium chloride is heated, Al;Cls is formed.

Which bonding is present in Al,Cls?

A covalent and co-ordinate (dative covalent)
B covalent only

C ionic and co-ordinate (dative covalent)

D

ionic only

120. 9701 _s15 gp_11 Q:10

The double bond between the two carbon atoms in an ethene molecule consists of one ¢ bond

and one & bond.
Which orbitals overlap to form each of these bonds? 0
o bond n bond
L J
A spz—sp2 p—p \
B | sp™sp® | sp’-sp’ (
C | sp’-sp’ p—p
D sp*—sp® sp?—sp?

121. 9701_s15_qp_12 Q: 3

Phosphorus forms a compound with hydroge phosphine, PH;. This compound can react
with a hydrogen ion, H™.

Which type of interaction occurs betw nd H*?

A dative covalent bond

B dipole-dipole forces
C hydrogen bond
D

ionic b@E ?‘

*
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3.3 Shapes of molecules
122.9701_m22 qp_ 12 Q: 25

When ammonia, NHs, is dissolved in water, a small concentration of ammonium ions, NH,", is
formed.

Which row is correct?

number of change of the H-N-H
electrons in one angle from ammonia
ammonium ion to the ammonium ion

A 8 decreases
B 8 increases
C 10 decreases
D 10 increases

123. 9701 _s21_qp_ 11 Q:3

Phosphorus forms two chlorides. Phosphorus(1II) chloride, PC13, is @ covalent liquid.
Phosphorus(V) chloride is an ionic solid. One of the ions presentis [PC1,]".

What is the shape of the PCI; molecule and the [PCl,]" ion?

PC1; [PCL]
A pyramidal square plana
B pyramidal tetrahe b
Cc tetrahedral squ r
D trigonal planar r

124. 9701 _s21_qp_13 Q4

Ethanal reaczt;wit roxylamine, NH,OH, to form the molecule shown.
e H H
4 | y z
H C C\—N /C—)\ H
<
H

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

A zXxy B yzx C xzvy D zy,Xx

?":.'PapaCambridge



“PPanagambridae .

125. 9701 w21 _qp 12 Q: 5

Atom X is the central atom in a molecule.

In this molecule, atom X has four pairs of valence electrons in its outer shell.

The four pairs of valence electrons include at least one bond pair and at least one lone pair.
What could be a possible shape for the molecule?

A linear

B non-linear

C trigonal bipyramidal
D

trigonal planar

126. 9701 _m20 qp 12 Q: 3
Which molecule does not have any 90° or 180° bond angles?

A CoHg B CO; C PFs D SFg

127.9701_m20 gp_ 12 Q: 8
A stable ion Ns* has been produced by research chemists.

Which structure is most likely to show the electron arrangement of this ion?

B X «®® oo |*
A|SNZNSNINENS /a
| oo d XX @
X <o ® oo |*
B [SNIXNENININ
| @ e XX ®
(oo, s lgee |
C |3N NG NEININS
%o ® i
_ o _
e x .00 +
D [eNXNENFNING
_. L] .._

128. 9701_s20 qp 13 Q: 2
Which molecule contains six bonding electrons?

A NCi; B H.S C GCiHy D SFs
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129. 9701 s20 qp 13 Q: 9

At 200 °C aluminium chloride is a gas with M, = 267.

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

cgvalent dative lone pairs
onds covalent bonds

A 6 2 0

B 6 2 16

c 6 2 18

D 3 0 9

130. 9701_m19 qp 12 Q: 4 @

The eight species that follow all have covalent bonds.

In which pair do the species have different shapes from each other? ‘\
A BeCl;and CO; (

B CH;and NH;* v

C NH;and BF;

D SCi;andHO 00
131.9701_s19_qp_11 Q:5 0

In which species is there a lone pair of ?

A CH; B CHy' 0 Hy™ D CH,

132. 9701 w19 qp 11

Which mo!gaeor e smallest bond angle?
’

4
A CzH4 @ B OCH3 C NH4+ D NH3

133. 9701 _mil18 qp 12 Q:5

Which mass of solid residue is obtained from the thermal decomposition of 4.10g of anhydrous
calcium nitrate?

A 0.70g B 1.00g C 140g D 225¢
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134. 9701_s18 qp_ 12 Q: 18

45

The dative covalent bond can be represented by an arrow, —. The arrow points towards the

atom receiving the lone pair.

Which diagram of an ammonium ion is correct?

A B D
H + H - H -
H—Iil—H H—N—H H— H—ItJ—H
} ) }
135. 9701 w18 qp 12 Q: 4
In which set do all the molecules have all their atoms arranged in one plane?
A AICl;, BF;, PH;
B AICIi; CO, NH;
C BF3, CoHs, CsHg
D C;H, CO, H0
136. 9701 w17 qp_11 Q:3
In which structure are three atoms bonded together inva straight line?
A poly(ethene),~CH,CH,5—
B propane, CsHs 0
C silicon tetrachloride, SiCl Q
D sulfur hexafluoride, SFg Q@
137. 9701 w17 qp 12 Qi 4
Ethane burnsﬁ?xy roduce carbon dioxide and water vapour.
Which bond anaéf; are in the molecules of ethane and its combustion products?
ethane combustion products
A 90° 104.5° and 180°
B 90° 109.5° and 120°
Cc 109.5° 104.5° and 180°
D 109.5° 109.5° and 180°
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138. 9701 _ml16 qgp 12 Q: 6

Which series shows molecules in order of increasing bond angle?

A CHs— BF3; > NHs
B H,0— CO,— BF;
C NH; —» CHs; —» CO;
D NH;— CHs; —» H0O

CHAPTER 3. CHEMICAL BONDING

139. 9701 _ml16 gp_ 12 Q: 15

Which row of the table is correct?

shape bonds present
ammonia ammonium ammonia ammonium 0
molecule ion malecule ion
A pyramidal regular tetrahedral G P
B pyramidal regular tetrahedral o \
(o regular tetrahedral pyramidal G (c
D regular tetrahedral pyramidal T e}

140. 9701_s16_qp_11 Q: 5 o

Dicarbon monoxide, C;0, is found in d @ in space. The structure of this molecule is
ro

C=C=0. The molecule contains no unpai ns.

How many lone pairs of electro @e in a molecule of C,0?
D 4

A 1 B Cc 3

141. 9701_s1§ ap

Each of th’@*od‘pem
®

Which species is not#planar?

A BF; B CHy' C GCiH,

uestion are isolated and gaseous.

D NH,
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142. 9701_s16_qp_13 Q: 7

Methyl isocyanate, CH3;NCO, is a toxic liquid which is used in the manufacture of some
pesticides.

What is the approximate angle between the bonds formed by the N atom in a molecule of methyl

isocyanate?
A B C D

N=C=0 N=C=0 N=C=0

/ / / H,C—N=C==0
H,C H,C H,C

104° 109° 120° 180°

143. 9701 w16 _qp 12 Q: 7 0
In which hydride is the H-X-H bond angle the smallest?
A BH; B CH, C CHs D NH,

®
144. 9701 _s15_qp_13 Q: 4 e
Which pair has species with different shapes? Q

A BeCl;and CO,

B CH;and NH," 0
C NH; and BF; o

D SCl,and H,0 0

3.4 Intermolecular

electronegativity and bond properties
145. 9701 _m22 qp 12 Q:

For which molecule is oment zero?
e 4
A CH;Clee :‘

*

C CHCI; D CCl

146. 9701 _m21 qp_12 Q: 5

In which substance are the only intermolecular forces temporary dipole-induced dipole
attractions?

A hydrogen chloride
methanol

B
C octane
D

water
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147. 9701 _s21 _qp_13 Q: 5

CHAPTER 3. CHEMICAL BONDING

Descriptions of the bonding in three substances are given.

substance 1 strong covalent bonds between atoms,

attractions between molecules

permanent dipole-dipole

substance 2 strong covalent bonds between atoms, weak forces between molecules

substance 3 strong covalent bonds between atoms, hydrogen bonding between

molecules

Which compounds could be substances 1, 2 and 37?

substance 1 substance 2 substance 3
A CH,0H Al Clg CH,CI,
B AlClg CH.C1; CH,
Cc CH.ClI, CH, CH;OH
D CH, CH5OH H,O

148. 9701 w21 _qp 11 Q: 5
Which type of interaction exists between water molecules and metal cations in aqueous solution?
A dipole-dipole interactions
B hydrogen bonds

C ion-dipole interactions
D

ionic bonds

2
ot

Which molecule has the large @ > pole?

149. 9701 w21 qp_12 Q: 6

A c D
CI CI H CI
Vo 4
c=2t ¢ 0O=—C 0=C 0=C=0
\e \
CI CI H Cl

u
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150. 9701 _ w21 qp 12 Q: 7

The strength of hydrogen bonding increases as the electronegativity of the element bonded to
hydrogen increases.

Some information for a range of hydrides is given.

hydride boilir}%(point
PH4 185
HC! 188
HF 293
H.O 373

Which statement and reason about these hydrides is correct?

A The boiling point of PH; is much lower than the boiling point of H,O because PH; does not
form hydrogen bonds or instantaneous dipole-induced dipole forces betweeniits molecules.

B The boiling point of HF is higher than the boiling point of HCI because.the bond energy of
H-F is greater than the bond energy of H-C1.

C The boiling point of H;O is higher than the boiling point of HE because each hydrogen bond
between the H,O molecules is stronger than each hydrogen,bond between HF molecules.

D The boiling points of PH; and HCI are similar because the molecules of PH; and HCI have
the same number of electrons and similar intermolecular forces.

151.9701_w21 qp 13 Q: 5

Which type of interaction exists between w::@écules and metal cations in aqueous solution?

A dipole-dipole interactions

hydrogen bonds Q@

B
C ion-dipole interactions
D

ionic bonds

152. 9701_s30" quih12

4

In which change are o emporary dipole-induced dipole forces overcome?

A C.H;OH(l) > C;HsOH(g)
B H,O(s) - H0(l)

C  Ou(s) > Oal)

D CsHioll) > CaHio(s)
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153. 9701 _w20_qp 11 Q: 4

CHAPTER 3. CHEMICAL BONDING

In which of the following, when in liquid form, are there only intermolecular forces based on

temporary dipoles between the particles?
A bromine

B ethanol

C hydrogen chloride

D

water

154. 9701 _s18 qp 11 Q: 5
Which molecule has no overall dipole?
A CHiCI

B CH.Ci, C CHCIs

D CCiL

155. 9701 _s17 _qp_11 Q:5
Which molecule has the largest overall dipole?

A B

156. 9701 _s17_qp_12 Q: 4

Which organic compound has the highes i oint?

A C(CHs)s

B CHs;CH,CH,CH,CH;s
C CH;COCH,CHs
D

CHsCH(OH)CH
L 2
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157. 9701 w17 qp 11 Q:2

The relative first ionisation energies of four elements with consecutive atomic numbers below 20
are shown on the graph.

One of the elements reacts with hydrogen to form a covalent compound with formula HX.

Which element could be X?

first
ionisation
energy
/kJ mol’

Cc

atomic number

158. 9701_s16_qp_ 11 Q: 7

At room temperature and pressure, H,O is a liquid ‘and H3S is a gas.

What is the reason for this difference?

A O has higher first and second ionisati rgies than S.

B The covalent bond between nger than the covalent bond between S and H.

C There is significant hydr onding between H,O molecules but not between H,S
molecules.

D The instantaneous_dipole-induced dipole forces between H;O molecules are stronger than
the instantaheo le-induced dipole forces between H,S molecules.
&,

4

159. 9701 _s16_qp_13

Carbon and silicon have the same outer electronic structure.

Why is a Si-Si bond weaker than a C—C bond?

A Silicon atoms have a larger atomic radius than carbon atoms.
Silicon has a greater nuclear charge than carbon.

B
C Silicon has a smaller first ionisation energy than carbon.
D

Silicon is more metallic than carbon.
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160. 9701 w16 _qp 12 Q: 13

Which element shows the greatest tendency to form covalent compounds?

A boron

B magnesium
C neon

D potassium

161. 9701 _s15_qp_11 Q: 2

Which quantity gives the best indication of the relative strengths of the hydrogen bonds between
the molecules in liquid hydrogen halides?

A bond dissociation energies

B enthalpy changes of formation
C enthalpy changes of solution
D

enthalpy changes of vaporisation

162. 9701_s15_qp 13 Q: 6

Which statement can be explained by intermolecular hydrogen'bonding?
A Ethanol has a higher boiling point than propane.

B Hydrogen chloride has a higher boiling point than silane, SiH,.

C Hydrogen iodide forms an acidic solution whendissolved in water.
D

Propanone has a higher boiling point t ne.

163. 9701 _wl5 _qp 11 Q: 4

Nitrogen, N,, and carbon monexide, CO, both have M, = 28.

The boiling point of N, is 77 K-

The boiling polit of K.

+&
What could be'réspon or this difference in boiling points?

A CO molecules have a permanent dipole, the N> molecules are not polar.
B N;has o and n bonding, CO has o bonding only.

C N:has a strong N=N bond, CO has a C=0 bond.
D

The CO molecule has more electrons than the Nz molecule.
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164. 9701 _wi15_qp 12 Q: 1

Which type of bonding is never found in elements?
A covalent

B ionic

C metallic

D van der Waals' forces

3.5 Dot-and-cross diagrams

165. 9701 _m22 qgp 12 Q:5
Which dot-and-cross diagram is correct for Al,Clg?

. : éc)z

lectrons from Al

(\ = electrons from CI
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166. 9701_s21_qp 13 Q: 6
Which type of bonding is never found in elements?
A covalent

B ionic

C metallic

D vander Waals' forces
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