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Draw dot-and-cross diagrams for the following compounds, showing electrons in the outer energy ﬁ

level only., &
@Cl; (®0: ©)CO; (dCHy (HCN () GH, (90 (h) HO, H

When ammonia (NHz) forms a compound with boron trifluoride (BFs), a dative bond is formed. Write out
the electron arrangements for nitrogen and boron and draw dot-and-cross diagrams for NH; and BFy; use
these to show how the bond is formed.

Draw dot-and-cross diagrams to show how the following molecules are formed and then, alongside, draw
structural formulae for the molecules, using lines to represent covalent bonds and an arrow to represent
a dative bond.

(a) The ammonium ion, NH;* (b) nitric acid, HNO; (c) carbon monoxide, CO

Repeat the instructions of Question 3 for the following more difficult examples.

(a) Dinitrogen monoxide, N,O (there are two possible answers),

(b) The aluminium chioride dimer, ALCls, which exists in the gas phase.

(c) The beryllium chloride dimer, Be,Cly, which exists in the gas phase.

(Hint: In parts (b) and (c) there are no bonds hetween the aluminium atoms or the beryllium atoms.)

Draw dot-and-cross diagrams for the following ions, using a small triangle to show the electron(s) that
have been gained:

{a) The hydroxide ion, OH" .
(b) The carbonate ion, CO5*

{c) The hydrogen carbonate ion, HCO;~

(d)} The hydrogen sulphide ion, HS"

In all the above examples, the atoms either have eight electrons in their outer energy level (they have
completed their octet) or two electrons. In the following the central atom has to ‘expand its octet’ in order

§ to form the required number of bonds. Draw dot-and-cross diagrams for:
¢ (a) Phosphorus pentachloride, PCls
® (b) Sulphur hexafluoride, SFy
¢ () The sulphate ion, SO/
¢ (d) The phosphate ion, PO
? Explain the following covalent bond energies of the Group 7 halides:
. Bond Bond energy/k.J mof-*
. H-F 562
; H-CI 431
H-Br 366
: H-1 299
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“@ What is the theory governing the shapes of molecules?

Electron regions’ can be single bonds, multiple bonds (double or triple) ox lone pairs of electrons. Put
these three in order of increasing repelling power (i.e. put the weakest at the top of the list).

Use the following list of compounds for this question:
CCly, BF;, NHj, SO,, CO,, 1,0, PCls, SFg

Choose from the list an example of:

{a) A tetrahedral molecule.

(b} A V-shaped molecule with one lone pair of electrons on the central atom.
(¢) A V-shaped molecule with two Ione pairs of electrons on the central atom.
(d) An octahedral molecule. '

(e) A trigonal planar molecule.

() A pyramidal molecule.

{g) A linear molecule.

(h) A trigonal bipyramidal molecule.

In all cases, give the electron arrangement of the central atom (in box formation) to show how the shape
is worked out, draw the molecule and give the bond angles.

Work out the shape of the ethene molecule, CzH,, and give the bond angles with an explanation.

Work out the shape of the following molecules. In each case name the shape (with respect to bonding
pairs), draw the structure and show the bond angles.
{a) PClg

(b) BrF;

(c) SbCl;

(d) IFg

(€) SO
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Draw a section of the attice of diamond and graphite. .

Use your drawings to answer the following questions: ‘i

{a) What is the coordination number of carbon in each case?

{b) Explain why diamond is used for cutting and drilling but graphite is used as a lubricant.

{¢) Explain why diamond is an electrical insulator but graphite is an electrical conductor,

{d) Despite the fact that graphite contains weak van der Waals bonds, it has a very high melting point,
Why is this the case?

(e) Explain why diamond has a density of 3.51 g cm™, Wwhereas for graphite the figure is 2.25 g e,

(ff What do the following bond lengths suggest about the nature of the bonding in graphite?

Bond Length
C-C (graphite} 0.143 nm
C-C (diamond) 0.154 nm R
C=C (ethene) 0.134 mm
Both silicon and carbon are in Group 4 of the Periodic Table, but their oxides have quite different
properties.
(a) Draw a small section of the lattice of silicon dioxide and draw a diagram of the carbon dioxide
molecule,

{(b) Use your answer to (a) to explain why:
(i) Carbon dioxide is quite soluble in water, but silicon dioxide does not dissolve in water,
(ii} Silicon dioxide melts at 1610°C whereas carbon dioxide melts at —56°C (at 5.2 A pressure).
(iii) Neither compound conducts electricity when solid, but carbon dioxide does conduct when
dissclved in water.
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The table gives the boiling points of some organic compounds. M
Alkane ' Formula Relative molecuiar mass Boiling point/K i:
Blitane CH3{CH,},CH; 58 273
Pentane CH,({CH,}aCH; 72 309
2,2-Dimesthylpropane C{CHa)4 72 283
Propanone CHaCOCH,4 58 329
Chloroethane CHACH,CH 64.5 285
Bromosthane - CH5CH.Br 109 311
lodosthane CH4CHaf 156 . 345

In your answers to the following questions, explain the origin of the intermolecular forces involved and
express yourself clearly.

(a) Why does pentane have a higher boiling point than butane?
(h) Despite having the same relative molecular mass, why does 2,2-dimethylpropane boil at a lower
temperature than pentane?

. {c) Despite having the same relative molecular mass, why does propanone boil at a considerably higher

temperature than butane?

(d) Bearing in mind your knowledge of the electronegativities of the halogens, why might you expect the
boiling points of the halogenoalkanes (chloroethane, bromoethane, iodoethane) to increase in the
opposite direction to the one shown in the table?

() Why do the hoiling points of the halogenoalkanes increase in the direction shown? N

(a) Look up the boiling points of the Group 4 hydrides and sketch a graph of boiling point (on the y-axis)
against relative molecular mass (on the x-axis) of the different hydrides.

(b} Look up the boiling points of the Group 6 hydrides and plot them on the same axes.

(c) Explain fully the shapes of the two graphs.

Using your knowledge of intermolecular attractions, explain the following observations:

a) Ethano! mixes with water in ali proportions and there is virtually no temperature change on mixing.

h) With ethanol and cyclohexane, there is little mixing and there is a drop in temperature when the two
liquids are added together.

— —
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Carefully draw a diagram of two methanol molecules and use your diagram fo explain fully the origin .
of the hydrogen bond between the two molecules.

Given that the electronegativity of nitrogen is the same as that of chlorine (3.0), explain why ammonia
forms hydrogen bonds but hydrogen chloride does not.

How does hydrogen bonding account for the following observations? Use diagrams and drawings of

structures to illustrate your answer.

{a) Relative molecular mass measwrements of ethanoic acid often give the value of 120 despite the fact
that the molecular formula of ethanoic acid is known to be C,H,0,. ‘

(b) Anhydrous calcium sulphate (CaSOy) is much harder and more difficult to cleave than hydrated
calcium sulphate (Ca504.2H,0).

{¢) Insamples of hydrogen fluoride vapour, molecules have been detected with a relative molecular mass
of 100.

VDIV DTEDOO L BY G

Account for the fact that hydrogen fluoride and ammonia can only form, on average, one hydrogen bond
per moleg:ule but water can form two. How does this fact lead to an explanation of the structure of ice?

Write short notes on how hydrogen bonding is significant in the structure of the DNA molecule.
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M”@SWERS 5

5

L5,

7 The distance between the nuclei and the shared pair of electrons increases on descending the table. &
Therefore the attraction between the positive nuclei and negative electrons decreases, and @
therefore bond energy decreases. %

eet 2

T The valence shell electron pair repulsion theory (VSEPR): electron regions (lone pairs or bonding
pairs) fry to keep as far apart as possible; therefore the number of electron pairs determines the
shape of the molecule.
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2 Single bond-single bond weakest repelling power
Multiple hond-muitiple bond ‘ Lo
Lone pair-lone pair Strongest repelling power
3 (a) CCl 1 electron promﬂted cl
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LNV o
C=C )<z Due to greater repulsion by the double bond. &
W Ny ,
5 (2) PCl = Trigonal pyramidal . @
67 el
e
Cl
{(b) Br¥; = T-shaped £
. Q0>
gl
# |
F
(c) SbCl; = Trigonal bipyramidal ? g
CIF__-.,_SF.\.)Q\QN
¢ G
{d} IF, = Squar&f planar E{i‘.‘ - F
i 15 e
FiF
(e} SO3* = Trigonal pyramidal S
: 0% o~
109.5° 0_

heet 3

1 Standard diagrams of graphite and diamond. 2
2 (a) Diamond: 4, graphite: 3.

(b) Diamond has strong covalent bonds throughout the structure, making it hard and strong in all
directions. Graphite has strong bonds in planes but weak (van der Waals) attractions between the
layers. The layers can slide over each other, enabling it to act as a solid lubricant.

(c) Graphite contains a sea of delocalised electrons between the layers; it conducts because of the
movement of these electrons, Diamond does not have any delocalised electrons.

(d) To melt graphite, the strong covalent bonds within the layers need to be broken. This requires a
great deal of energy — hence the high melting point (melting requires the disruption of ALL bonds).

(e) The weaker attraction between the layers in graphite means that there is a greater distance
between the atoms of different planes than there is between atoms within a given plane; this leads
to a slightly lower density than diamond where all bond lengths are the same.

{f) The C—~C bond in graphite is intermediate in length between a single and a double due to the delo-
calisation of electrons within the graphite structure.

3 (a) Diagram of Si0, showing diamond-type lattice and standard diagram of the CO, linear molecule.

(b) (i) SiO,is a giant covalent structure. As such, there are no weaknesses within the structure and

there is insufficient energy released in the attraction of the lattice to the polar water molecule
to enable dissolving to occur. CO; contains polar bonds: these attract the polar water molecule
enabling CO; to dissolve in (and react with) water.

(i) CO; molecules are attracted to each other by weak polar attractions which require little
encrgy to break, whereas Si0; requires a great deal of energy to break the covalent bonds
throughout its structure.
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(iif) Neither contains delocalised electrons which means they do not conduct when solid, When
dissolved in water, some of the CO, molecules react with the water to form hydrogen
carbonate (HCO;") and hydroxenium (1;0%) ions; these ions are attracted to the opposite
poles of the electricity source and enable the solution to conduct.

heet 4

1 (a) Pentane has more electrons than butane and therefore a greater induced dipole leading to stronger

van der Waals attractions.

(b) Despite having the same number of electrons, 2,2-dimethylpropane boils at a lower temperature
because it has a branched chain, leading to a lower degree of chain interaction than pentane and
fess induced dipole attractions. '

{c) Propanone has permanent dipole attractions between its molecules (due to the polarity of the C=0
bond); these are stronger than van der Waals and hence the compound boils at a higher
temperature than butane.

(d) The electronegativities of the halogens are in the order Cl > Br > I. It would therefore be expected

.. that chloroethane might have the highest boiling point as it will have the greatest dipole

""" attractions between its molecules. '

(¢} However, boiling points increase with M, as this is an indication of increasing numbers of
Electrons and therefore increasing van der Waals attractions.

Standard graphs of the hydrides. Group 4 hydrides increase in boiling point with increasing M, due

to increasing van der Waals attractions, In Group 6, H,O has a much greater hoiling point as the

molecules can hydrogen-bond with each other. The other Group 6 hydrides increase in boiling point

with M, due to increasing van der Waals attractions. .

{a) Both ethanol and water hydrogen-bond as pure liquids. Thus mixing involves breaking hydrogen
bonds in order to form new hydrogen bonds with the other molecule. There is therefore little
energy change on mixing and, because molecules with similar atfractions tend to dissolve in each
other, ethanol is soluble in water in all proportions,

(b) If ethanol were to mix with cyclohexane, the strong hydrogen honds. between the ethanol
molecules would need to be broken, which requires energy. However, the attraction of ethanol to
cyclohexane would be by weaker van der Waals forces — there would be little energy release in
this and the process would not be energetically viable.

heet 5

1 Methanol is CH;0H

H

H ‘-'IIIIIE/ '.@

H /Hydrogen bond

H <,
G) -'@ The polarised O-H bond in molecule (1), leaves the
H\ N : hydrogen highly 3+ (an exposed proton). This is
C\ H strongly attracted to the lone pair of electrons on
HV( H the oxygen of molecule (2) - this constitutes a
@ hydrogen bond, '

© Philip Allan Updates ~ CALCULATIONS, STRUCTURE & BONDING

ANSWERS «

EOVALENT AND
NTERMOLECULAR BONDING Wﬁi@hﬁ

-

fisid
T

4‘,;

&




COVALENT AND \:’57 ﬁ:ﬂ
TERMOLECULAR BONDING @ igﬂ@@@

BEBTDOS
bt @Ngw&%g 2
: o
E 2 Nitrogen is a smaller atom than chlorine, There are therefore fewer electron energy levels between &
s the outer electrons and the nucleus and there is less shielding of the nucleus. The bonding pairin =~ &
e the N-H bond is more attracted to the nifrogen nucleus (the bond is more polar) than is the case 2
° in the H-Cl bond. Ammonia can therefore form hydrogen bonds: &
& ] ;{;}2
@ HonlN Hydrogen hond &
e H. /
&
E H N I
: I %
g 3 (a) Ethanoic acid can form a DIMER between its molecules, due to hydrogen bonding.
: ///l O ¢ @ o H — 0 \
e CH; —C C —CH,
. N Vi
. 0—H---0
§ This leads to the measurements being twice that of the expected value (C;H,0, = 60).
o (b) CaS0,.2H,0 has weaker hydrogen honds between the Iayers of ions. These break with only a little
° force and the structure can be cleaved.
. (c) M; of HF = 20, Due to hydrogen bonding between HF molecules, in the vapour state it can exist
. as (HF)s: .
® Le. F F .
M CON TN = » « Hydrogen bonds
o ° H - H
® H ®., H . H
2 / . 7 ‘. /S
: F F
. , Y
s 4 Despite having three lone pairs on the fluorine, HF only has one hydrogen atom. Likewise, although
> NH; has three hydrogen atoms, there is only one lone pair on the nitrogen. These molecules are
s therefore limited to forming on everage one hydrogen bond per molecule.
e However in HyO there are fwo hydrogens and two lone pairs. This enables a water molecule to form
. on average fwo hydrogen bonds per molecule, The 3-D structure of ice depends on this fact (refer to
* Resource Sheet 5).
o 3 Reler to Resource Sheet 7 for base-pairs in DNA.
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What is a covalent bond?

o
&
2
L1
4

How is a dative bond (a) different to and {b) the same as a covalent bond?

b3
?
@
#®
<
@
L)

Draw a diagram to show the dative bonding in carbon monoxide.

L - ]

Name the shape, and give the bond angles, in CHy and H,0.

&
a
&
L4

Why are the bond angles for the molecules in Question 4 different?

&
L
L}
B

What is the coordination number of carbon in diamond and graphite?

Why does graphite conduct electricity?

.en@e%maa@:"
-

What is meant by electronégativity?

a
-]
k]
®

How does the electronegativity of the halogens vary on descending group 77

Tt
[E-X -2

: 'E@ List the three main types of intermolecular attraction in order of strength.

'ﬁ 'ﬁ How does the strength of a hydrogen bond compare to a covalent bond?

12 Even though CO; has polar bonds, it has no dipole moment. Explain.

‘ﬁ3 List three things which must be present for hydrogen bonding to occur.

LI

D o O
CEMISTO

T

b

f ok i h
i

A shared pair
of electrons

2%
L

{a} Both electrons
originate from one atom,
(b} Once formed itis
indistinguishable from a
normal covalent bond.

C=0

. CHy tetrahedral, 109.5
"HLO: Veshaped, 105

Lone pairs repel more than
bonding pairs.

Diamond: 4
Graphite: 3

Because it contains a sea of
delocalised electrons.

The ability of an atom to
attract the electrons .'n a
covalernt bond.

It decreases.

Hydrogen bonding > dipole-
dipole > van der Waals

It is approximately ten times
weaker.

The polar bonds act in equal
and opposite directions.

a) N, O or F atoms.

{b) Attached to a hydrogen
‘bond.

(c) At least one lone pair on
the N, Oor F.
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(a} Draw dot-and-cross diagrams to show the formation of: %
i} A chlorine molecule (i) A hydrogen chloride molecule (2) &

N
¢
?
®
°
2
»
s
®
s
®
.
.
®
&
.
.

P A L I I I O I T O T R N R R R R R RN
I

(b) Using the above two molecules to illustrate your answer, explain what you understand by the terms:.
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covalent bond; polar; electronegativity. {3)
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When ammonia, NHj, reacts to form the ammonium ion, a dative covalent bond is formed and the
resulting molecular ion is tetrahedral. With the aid of clear diagrams, explain this statement fully. (4)

B R R R N L LY A

B R AP ARG HAE RS E RN R LRI IR LS A DA LA LB AL AN D AT AI O R PP AR D AN G F ARG A NG ATAAACOATIAREIREANIF AT R DO RIS PNREEA T

For each of the following molecules, draw and name the shape (with respect to bonds formed) and give
the bond angles: _ )]
(a) BCl; '

stesboEaTaRELE ARG

DAk AN RSN R LR E R R P R AR R I E AR o NS s R NI RS F AR A SR A IR IR AP RA B ADI R AP ARSI RAG RO RBIEIORDIA L RDEAEIRES AR ASSARER

PECESD LD OV CTIOOOTODE e:ﬂga BRSO FT OV DR BOCOODIOB DD FR
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Draw the shape of ‘the following molecules and state whether or not they have a dipole moment,
.. whether a stream of the liguid would be deflected by a charged rod: CCly; CHCls; CHyO (6)

bk

>
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Ethane, C;H;, has a boiling point of 184 K while pentane, CsHj, has a boiling point of 309 K.
(a) What sort of intermolecular attraction will exist between these molecules? Explain its origin. ~ (4)
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*  (b) Explain why their boiling points are different. (2)*
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What kinds of intermolecular attractions would exist in the following molecules? (4)
(a) Trichloromethane CHCl,

PR L Y R

osuocioquopnbhso-l;uau;xtta--:;ollentiuantou10:(4»!!&!1-----loncauotn#tldtﬁlll¢lliiuvivsttlbrﬂoauo«!t-»cox‘-xﬂ

(h) Ethanol CH,CH,OH
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Explain fully why ammonia is able to hydrogen bond and draw a diagram of two ammonia molecules to
illustrate this bonding. ‘ (4)
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(a) Draw a small section of the lattices of graphite and diamond. (4)

sane

R R A W P

e R e R R R R Ll L S L L L T T T r T T T

LOABDLOIPODBHOESE DD -0 N I ) g;a? POV 2YRCCOTLALIGRAE G LD GT H‘h& CL2IUOVWEOIOPLPGICOD DG

+* o Philip Allan Updates ~ CALCULATIONS, STRUCTURE & BONDING



k<l

o

[]
@
-]
L
L]
2
]
)
-]
-]
a
]
®
&
a
&
L]
[}
@
L]
L]
°
e
e
®
-1
@
&
o
®
]
8
»
o
[}
k]
©
L]
®
®
@
3
L]
)
]
]
]
)
@
®
°
®
L]
]
@
-3
®
L]
%
L]
®
]
@
[
L}
&
a
@
o
°
[
L]
@
&
)
@
@
a
@
o
[
@
®
@
)
L)
[
[
&
'Y
]
o
L4
@
-]
a
o
I
&
L3
L]
-]
a
B
v
&
L3

(b)
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Use your diagrams to discuss the following: (8)

i) Graphite conducts electricity well but diamond does not. s
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(1))  Graphite has weak forces in its structure but still has a very high melting point.
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Hi} Graphite can be used as a lubricant but diamond is used for drill bits.
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iv) In the two structures, carbon has a different coordination number.
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(a) Standard dot-and-cross diagrams.

(b) Covalent bond — a shared pair of electrons. Both the above molecules have a single covalent bond
between the atoms. The HCI molecule is polar because the chlorine atom is more electronegative
than hydrogen, i.e. the electrons in the covalent bond are not equally shared, they have a stronger
affinity for chlorine,

A dative bond is formed between the lone pair of electrons on the nitrogen and an H* ion,

H

~
H 7N — H*
H , ,
This leads to the formation of NH,* and by the VSEPR theory this molecule has a tetrahedral shape.
H + '
|
H e Ngf,f/,,h H
Lo H
-
(a) cl Shape = Trigonal planar
F 120°
B
c” el
(b) v Shape = Trigonal pyramidal
/N //#/,,, C]
Cl &jmrﬂ
Cl
(c) 0 Shape = Tetrahedral

Sy
= Wi, 0
0 g_j‘lﬂg.s"

{d) Cl Shape = T-shaped
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¢ ANSWERS =
4 Cl H “
. H
3 ('-: C' \ C /H ’;ff,\"
: /J'!,r,u, ////,, [
o .Gl "Gl N
oo b Cl 4 I @
: Cl _a 0 }

E Not deflected Deflected

(a) Both molecules have van der Waals attractions. These arise from the fact that electron density is

> constantly fluctuating within a molecule. One molecule will induce a dipole in a neighbouring
o molecule and the weak attraction which is produced by this dipole is called a van der Waals
.t attraction. (A diagram could he added to enhance the answer,)
. ¢ (b) Pentane has more electrons per molecule than ethane; it is therefore able to establish a greater
: induced dipole. J
(@} Dipole-dipole and van der Waals
¢ (b) Hydrogen bonding and van der Waals
7 LN ‘
¢ H —/— NoeseH 7N .
con”
. _ Hydregen bond
E Ammonia can hydrogen-bond because it has a hydrogen atom attached to a lightly electronegative ]
°  nitrogen atom. The N-H hond is therefore extremely polar, leaving the hydrogen as an exposed proton, J}
¢ which is strongly attracted to the lone pair of electrons on a neighbouring nitrogen. f;
M J
7 (a) Standard drawings of the two structures. !
{(b) ()  Graphite has a sea of delocalised electrons which enables it to conduct. All the elect{gp‘s in

(i) Melting requires the disruption of all bonds within a structure; although graphite does contain
weak van der Waals forces between layers; the bonding within a layer is strong and giant in
nature. '

(ii) Weak forces hetween the layers in graphite enable the layers to slide over each other making it
a lubricant. Diamond has no such weaknesses, i

(iv) In diamond, carbon has a tetrahedral structure in which each atom has four neighbours, leading [
to a coordination number of four, In graphite, each carbon has three neighbours within a plane [iH8
(coordination number three). .J

diamond are involved in covalent bond formation, o /
|
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