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IB Chemistry DP

4, Chemical Bonding & Structure
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4.1lonic & Covalent Bonding YOURlNOTES

4.1.1Forminglons

Forminglons

¢ Asageneralrule, metals are on the left of the Periodic Table and non-metals are on the
right-hand side
¢ lonicbonds involve the transfer of electrons from a metallic element to a non-metallic
element
e Transferring electrons usually leaves the metal and the non-metal with a full outer shell
* Metalsloseelectrons from theirvalence shell forming positively charged cations
+ Non-metalatoms gain electrons forming negatively charged anions
¢ Oncetheatomsbecomeions, theirelectronic configurations are the same as anoble gas.
o Asodiumion(Na*) has the same electronic configuration as neon:[2,8]
o Achlorideion (ClI) also has the same electronic configuration as argon: [2,8,8]

LOSS OF
ELECTRON
LEAVES ION
POSITIVELY
CHARGED

GROUP 1 METAL
CONTAINS 1 OUTER
ELECTRON

-+
Na ® __|LOSS OF AN -, [Na]

ELECTRON
SODIUM | SODIUM CATION |
POSITIVELY
CHARGED ION

Forming cations by the removal of electrons from metals
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GAIN OF 1 ELECTRON YOURNOTES

LEAVES CHLORINE l
NEGATIVELY CHARGED

ELECTRON FROM

GROUP 17 NON-METAL ABLIFFERENT ATOM
CONTAINS 7 OUTER
ELECTRONS _ -
b % 4 8/R
2 GAIN OF %® %®
%8 CL % 2 ELECTRON::> % Cl O
8N KRN

CHLORINE
| CHLORIDE ANION |
1
NEGATIVELY ,}/
CHARGED ION

Forming anions by the addition of electrons to nonmetals

e Cations and anions are oppositely charged and therefore attracted to each other
o Electrostatic attractions are formed between the oppositely chargedions to formionic

compounds
e This form of attractionis very strong andrequires a lot of energy to overcome

o This causes high melting points inionic compounds
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THE METAL ATOM LOSES ITS 1
ELECTRON FROM THE OUTER SHELL

GROUP 1 METAL
HAS 1 ELECTRON
IN ITS OUTER
SHENS

| SODIUM | | CHLORINE |

GROUP 17 NON-METAL
HAS 7 ELECTRONS IN
ITS OUTER SHELL

— Na

THE Na* AND CL
ARE ATTACHED
TO EACH OTHER
THROUGH
ELECTROSTATIC
FORCE

:m‘s
o C! %
xR

| SODIUM | | CHLORIDE ANION |

THE SODIUM ION
IS POSITIVELY
CHARGED AFTER

LOSING 1 ELECTRON

THE CHLORIDE ION
IS NEGATIVELY
CHARGED AFTER
GAINING 1 ELECTRON

Cations and anions bond together using strong electrostatic forces, which require alot of

(f) Exam Tip

energy toovercome

Metals usually lose all electrons from their outervalence shellto become
cations.You can make use of the groups on the periodic table to work out how many
electrons an atomis likely to lose or gain by looking at the group an atom belongs to.
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4.1.2lonic Compounds

lonic Lattices

e Theions form alattice structure which is an evenly distributed crystalline structure

e lonsinalattice arearrangedin aregularrepeating pattern so that positive charges cancel
outnegative charges

¢ Therefore the finallattice is overall electrically neutral

POSITIVELY

AND NEGATIVELY
CHARGED IONS
CANCEL EACH
OTHER OUT. SO
THE LATTICE
HAS A NEUTRAL
CHARGE OVERALL

CHARGED ION

NEGATIVELY
CHARGED ION \[\ﬂ POSITIVELY

ELECTROSTATIC

ﬁ.\’\./ FORCES OF
,& ATTRACTION
q */:5.'\‘ BRINGS CATIONS

e * / AND ANIONS

TOGETHER TO

/.\Kf FORM A LATTICE

STRUCTURE

IONS ARE EVENLY DISTRIBUTED
AND NEATLY ARRANGED IN THE
EATARICE

lonic solids are arrangedin lattice structures
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Properties of lonic Compounds

» Different types of structure and bonding have different effects on the physical properties
of substances such as theirmelting and boiling points, electrical conductivity and
solubility

lonic bonding & giantionic lattice structures

¢ |onic compounds are strong
o Thestrongelectrostatic forces inionic compounds keep theions strongly together

They are brittle as ionic crystals can splitapart

¢ |onic compounds have highmelting and boiling points

o Thestrongelectrostatic forces between theions in the lattice actin all directions and
keep them strongly together

o Meltingandboiling points increase with charge density of theions due to the greater
electrostatic attraction of charges

o MgZ*O?2 has a higher melting point than Na*ClI-

lonic compounds are soluble in water as they can formion - dipole bonds

lonic compounds only conduct electricity when molten orin solution
o When molten orin solution, theions can freely move around and conduct electricity
o Inthesolidstatethey’rein a fixed position and unable to move around

Characteristics of Giant lonic Lattices compared to other Structures
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Giant Giant
Giant lonic Metallic Simple Covalent Covalent
Melting High Moderately Low Very high
and Boiling high to high
Points
Electrical Only when When solid or Do not conduct Do not conduct
Conductivity | moltenorin Liquid electricity electricity
solution (except for
graphite)
Solubility Soluble Insoluble but Usually insoluble Insoluble
some may unless they are
react polar
Hardness Hard, brittle Hard, Soft Very hard
malleable (diamond and
SiOz} or soft
(graphite)
Physical Solid Solid Solid, liquid or gas Solid
State
at Room
Temperature
Forces Electrostatic | Delocalised Weak intermolecular | Electronsin
attraction seaof forces between covalent bonds
between ions electrons molecules and between atoms
attracting covalent bonds
positive ions within a molecule
Particles lons Positive ions Small molecules Atoms
in aseaof
electrons
Examples NaCl Copper Br, Graphite,
silicon(IV)
oxide
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YOURNOTES

*9 Worked Example !

The table below shows the physical properties of substances X, Y andZ

Electrical

Melting Conductivity Solubility in
Substance Point(°C)  whenMolten Water

X 839 Good Soluble
Y 95 Very poor Almost insoluble
z 1389 Good Insoluble

Which one of the following statements about Xand Y is completely true?

Statement1: X has a giantionic structure, Y has a giant molecular structure, Zis a
metal

Statement 2: Xis a metal, Y has a simple molecular structure, Zhas a giant
molecular structure

Statement 3: Xis a metal, Y has a simple molecular structure, Zhas a giantionic
structure

Statement 4: X has a giantionic structure, Y has a simple molecular structure, Zis a
metal

Answer:
The correct answeris Statement 4

o Therelatively high melting point, solubility in water and electrical conductivity when
molten suggestthat Xis an giantionic structure

o Thelow meltingpoint of Y suggests thatlittle energy is neededto break the lattice
which corresponds to a simple molecular structure. This is further supported by the
low electrical conductivity and almostinsolublein water

o CompoundZhas avery high melting point which is characteristic of either metallic or
giantmolecularlattices, however sinceit conducts electricity, compoundZ mustbe a
giant metallic lattice
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4.1.3 Formulae & Names of lonic Compounds

Formulae & Names of lonic Compounds

¢ lonic compounds are formed from a metal and a nonmetal bonded together
¢ |lonic compounds are electrically neutral; the positive charges equal the negative charges

Charges on positiveions

¢ Allmetals form positiveions
o Thereare somenon-metal positiveions such as ammonium, NH,4*, and hydrogen, H*

e Themetalsin Group1, Group 2 and Group 13 have a charge of 1+ and 2+ and 3+ respectively
e Thecharge ontheions of the transition elements can vary which is why Roman numerals
are oftenusedtoindicate theircharge
¢ Thisis known as Stock notation afterthe German chemist Alfred Stock
¢ Roman numerals are usedin some compounds formed from transition elements to show
the charge (or oxidation state) of metalions
o Eg.incopper(ll) oxide, the copperion has a charge of 2+ whereas in copper(l) nitrate,
the copperhas acharge of 1+

Non-metalions

e Thenon-metalsin group 15 to 17 have a negative charge and have the suffix ‘ide’
o Eg.nitride, chloride, bromide, iodide

e Elementsingroup17 gainlelectronsohaveal-charge, eg.Br

« Elementsin group 16 gain 2 electrons sohave a 2- charge, eg. 0%~

« Elementsin group 15 gain 3 electrons so have a 3- charge, eg. N3~

e There are also more polyatomic or compound negativeions, which are negative ions
made up of more than one type of atom

18

GROUP +

1 2 H 13 414 15 416 17 |NONE
Li* | Be?* 0% | F~ |NONE
Na* | Mg?* AL s¥ | ¢l |NoNE
+ 2+ 3+ _

K™ 1Ca™ | rransiTion | G@ B NONE
" ELEMENTS

Rb | Sr?* |~ |NONE

The charges of simpleions depend on their positionin the Periodic Table
¢ There are seven polyatomicions you need to know forIB Chemistry:

Formulae of Polyatomic lons Table
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YOURNOTES
Formula and l
Charge
Ammonium NHI
Hydroxide OH™
Nitrate NO,
Sulfate so;”
Carbonate co§'
Hydrogen w
carbonate HCOs
3_
Phosphate PO,

*> Worked Example
°
Determine the formulae of the following ionic compounds
1. magnesium chloride

2. aluminium oxide
3.ammonium sulfate

Answer:
Answer 1: Magnesium chloride

o Magnesiumisingroup 2sohas a charge of 2+

o Chlorineisingroup17 sohas acharge of 1-

o Magnesium needs two chlorine atoms foreach magnesium atomtobebalanced so
the formula is MgCl,

Answer 2: Aluminium oxide

o Aluminumisingroup13sotheionhas acharge of 3+

o Oxygenisingrouplé6sohasachargeof 2-

o Thecharges needto be equal so 2 aluminium to 3 oxygen atoms willbalance
electrically, so the formulais Al,O3z

Answer 3: Ammonium sulfate

o Ammoniumis a polyatomicion with a charge of 1+
o Sulfateis a polyatomicionandhas a charge of 2-
o Thepolyatomicion needs to beplacedin a bracketif morethanlis needed
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o Theformula of ammonium nitrate is (NH4)2SO4 YOURNOTES
_ l
(') ExamTip
¥ Remember: polyatomicions areions that contain more than one type of element,
suchas OH-
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4.1.4 Covalent Bonds

CovalentBonds

e Covalent bonding occurs between two non-metals

e Acovalentbondinvolves the electrostatic attraction between nuclei of two atoms and
the electrons of their outershells

* Noelectrons are transferred but only shared in this type of bonding

¢ When a covalentbondis formed, two atomic orbitals overlap and a molecular orbital is
formed

e Covalentbondinghappens because the electrons are more stable when attracted to two
nucleithan when attracted to only one

EACH HYDROGEN HAS
1 ELECTRON IN ITS
OUTER SHELL

A HYDROGEN
MOLECULE

He + H* —— HSH
1s? 1s’

TWO HYDROGEN ATOMS
SHARE AN ELECTRON PAIR
TO FORM A SINGLE
COVALENT BOND

The positive nucleus of each atom has an attraction for the bonding electrons sharedin the
covalentbond

¢ Inanormalcovalentbond, each atom provide one of the electrons in the bond. A covalent
bondis representedby a short straight line between the two atoms, H-H

e Covalentbonds shouldnotberegarded as shared electron pairs in a fixed position; the
electrons arein a state of constant motion and are best regarded as charge clouds

Arepresentation of electron charge clouds. The electrons can be found anywhere in the
charge clouds

* Non-metals are able to share pairs of electrons to form different types of covalent bonds
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e Sharingelectronsin the covalent bond allows each of the 2 atoms to achieve an electron
configuration similarto a noble gas
o This makes each atom more stable

¢ Insomeinstances, the centralatom of a covalently bonded molecule can accommodate
more orless than 8 electrons inits outershell
o Beingabletoaccommodate more than 8 electrons in the outershellis known as
‘expanding the octet rule’
o Accommodatingless than 8 electrons in the outer shellmeans than the centralatomis
‘electrondeficient’
o Some examples of this can be foundin the section on Lewis structures

¢) ExamTip

Covalent bonding takes place between two nonmetal atoms.Rememberto use the
periodic table to decide how many electrons are in the outer shell of a nonmetal
atom.

Predicting Covalent Bonding

o Thedifferences in Pauling electronegativity values can be used to predict whethera bondis
covalent orionicin character

Electronegativity & covalent bonds

¢ Indiatomic molecules the electron density is shared equally between the two atoms
o Eg H2, 02 and C|2

* Bothatoms willhave the same electronegativity value and have an equal attraction for the
bonding pair of electrons leading to formation of a covalent bond

o Adifference of less than around 1.0 in electronegativity values will be associated with
covalentbonds, although between 1.0 and 2.0 can be considered polar covalent:

You canuse the Pauling scale to decide whethera bondis polarornonpolar:

Difference in Electronegativity Bond Type

<1.0 Covalent
1.0-2.0 Polar Covalent
>2.0 lonic
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Coordinate Bonds

¢ Insimple covalent bonds the two atoms involved share electrons
e Somemolecules have alone pair of electrons that can be donated to form a bond with an

electron-deficient atom

o Anelectron-deficientatomis an atom that has an unfilled outer orbital

¢ Sobothelectrons are fromthe same atom

e This type of bondingis called dative covalent bonding or coordinate bond

¢ Anexample of a dative bondis inan ammoniumion

o Thehydrogenion, H*is electron-deficient and has space for two electrons inits shell
o Thenitrogen atomin ammonia has a lone pair of electrons which it can donate to the

hydrogenion to form a dative covalentbond

THE NITROGEN ATOM OF
AMMONIA HAS A LONE

THE ARROW SHOWS BOTH
ELECTRONS ARE FROM THE

PAIR OF ELECTRONS AFTER ||[SAME ATOM
BONDING WITH 3 HYDROGEN
ATOMS HaN: —>H
H T H TR
%0 %o
% 8 % %
HN: HE N ¥ = 3 HE N Xy
%0 %0
H H
.
THE LONE PAR NH,

CAN BE SHARED
WITH A PROTON
(H) TO FORM AN
AMMONIUM ION

THE HYDROGEN I|ON
REQUIRES 2 ELECTRONS
FOR A FULL OUTER SHELL

| AMMONIUM 10N |

WHEN BONDED TO A 4%
HYDROGEN, MOLECULE NOW
HAS A POSITIVE CHARGE

Ammonia (NH3) can donate a lone pair to an electron-deficient proton (H*) to forma
charged ammoniumion (NH4*)

e More examples of coordinate bonding can be foundin the section on Lewis Structures
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Multiple Bonds YOURNOTES

¢ Non-metals are able to share more than one pair of electrons to form different types of {
covalentbonds

e Sharingelectronsin the covalent bond allows each of the 2 atoms to achieve an electron
configuration similarto a noble gas
o This makes each atom more stable

e |tisnotpossible to forma quadruple bondas therepulsion from having 8 electrons in the
sameregion between the two nucleiis too great

Covalent Bonds & Shared Electrons Table

Number of
Type of electrons
covalent bond shared
Single (C = C) 2
Double (C = C) 4
Triple (C=C) 6
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Bond Length & Strength
Bond energy
¢ Thebond energy is the energy required to break one mole of a particular covalentbondin
the gaseous states

o Bondenergy has units of k) mol™!

e Thelargerthe bond energy, the stronger the covalentbondis

Bondlength
¢ Thebondlengthisinternuclear distance of two covalently bonded atoms
o |tisthedistance fromthe nucleus of one atomto another atom which forms the
covalentbond

¢ Thegreater the forces of attraction between electrons and nuclei, the more the atoms are
pulled closerto each other

¢ This decreases the bond length of a molecule andincreases the strength of the covalent
bond

» Triplebonds are the shortest and strongest covalentbonds due to the large electron
density between the nuclei of the two atoms

e Thisincreasethe forces of attraction between the electrons and nuclei of the atoms

¢ Asaresult of this, the atoms are pulled closer together causing a shorterbond length

¢ Theincreasedforces of attraction also means that the covalentbondis stronger

C—C C=C C=C(C

‘ 147 pm ‘ ‘ 134 pm ‘ ‘ 120 pm ‘

‘ 347 kJmol™? ‘ ‘ 614 kJmol™’ ‘ ‘ 839 kJ mol ™’

Triple bonds are the shortest covalent bonds and therefore the strongest ones

¢ Testyourknowledge of covalentbonding:

> Worked Example

°
Which molecules react togetherto form a dative covalent bond?

A.Clyand HF
B. C2H2and C|2
C.NHzandHF

D. CH4 and NH3
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Answer: YOURNOTES

The correct optionis C. i

o Toform adative covalentbond one species must have alone pair of electrons and the
othermust be electron deficient.
o NHzhas alone pairand HF splits into H* (electron deficient) and F~

NHz + HF > NH,*F-
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4.1.5 Bond Polarity

Bond Polarity

 Whentwo atoms in a covalent bond have the same electronegativity the covalentbondis
nonpolar

The two chlorine atoms have identical electronegativities so the bonding electrons are
shared equally between the two atoms

* Whentwo atoms in a covalent bond have different electronegativities the covalentbond
is polar and the electrons will be drawn towards the more electronegative atom
¢ Asaresultofthis:
o Thenegative charge centre and positive charge centre do not coincide with each
other
o This means that the electron distributionis asymmetric
o Theless electronegative atom gets a partial charge of 6+ (delta positive)
o The more electronegative atom gets a partial charge of 6- (delta negative)

¢ The greaterthe differencein electronegativity the more polarthe bond becomes

Clhas a greater electronegativity than H causing the electrons to be more attracted
towards the Clatom which becomes delta negative and the H delta positive

Dipole moment

¢ Thedipole moment is a measure of how polarabondis
e Thedirection of the dipole moment is shown by the following sign in which the arrow points
to the partially negatively charged end of the dipole:
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| =

The sign shows the direction of the dipole moment and the arrow points to the delta negative
endof thedipole

*> Worked Example

The electronegativity values of four elements are given.
C=2.6 N=3.0 0=3.4 F=4.0

Whatis the order of increasing polarity of the bonds in the following compounds?

A.CO<OF,<NO<CF4
B.NO<OF,<CO<CFy
C.CF4<CO<OF,<NO

D.CF4,<NO<QOF,<CO

Answer:

The correct optionis B.

o You haveto calculate the difference in electronegativity forthe bonds and thenrank
them from smallest tolargest:

NO (3.4-3.0=0.4)
OF,(4.0-3.4=0.6)
CO (3.4-2.6=0.8)

CF, (4.0-2.6=1.4)
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4.1.6 Lewis Structures YOURlNOTES

Lewis Structures

e Lewis structures are simplified electron shell diagrams and show pairs of electrons around
atoms.

¢ Apairof electrons can berepresented by dots, crosses, a combination of dots and crosses
orby aline. Forexample, chlorine can be shown as:

000,00, XX %X _ee mx
eCleCleg RCLRECE oClgCL® IC1—cCll
oo oo 3 o0 xx

Different Lewis Structures for chlorine molecules

¢ Note: CIl-Clis not a Lewis structure, since it does not show all the electron pairs.
¢ The“octetrule” refers to the tendency of atoms to gain a valence shell with a total of 8
electrons

Steps fordrawing Lewis Structures

1. Countthe totalnumber of valence

2.Draw the skeletal structure to show how many atoms are linked to each other.

3.Use a pairof crosses ordot/cross to put an electron pairin each bond between the
atoms.

4. Add more electron pairs to complete the octets around the atoms ( except H which
has 2 electrons)

5.1f there are not enough electrons to complete the octets, form double/triple bonds.

6.Check the totalnumber of electrons in the finished structure is equal to the total
number of valence electrons

*> Worked Example

Draw a Lewis structure for CCly

Answer:
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TOTAL NUMBER OF VALENCE
ELECTRONS = €+ 4CL=4 + {4'x 71=32

| o

DRAW THE SKELETAL POSITIONS GiVFc cl
ﬂ Cl
Cl
ADD THE BONDING PAIRS ClL: C :Cl
Y 4 BONDING PAIRS
1 Cl MEANS 32-8 =24
ADD 24 LONE PAIR ELECTRONS ELECTRONS LEFT
lL ClLe
COMPLETED LEWIS STRUCTURE Gl o oSl
Cl: > LONE PAIRS

Steps in drawing the Lewis Structure for CCly

Further examples of Lewis structures
¢ Follow the steps fordrawing Lewis structures forthese common molecules

Total number of

Molecule valence electrons Lewis structure
CH, C+ 4H H
A+(4xN=8 H:C:H
H
NH, N + 3H H:N:H
5+(3x1=8 ¥
H,0 2H+0
2*N+6=8 "
co, C+20
4+(2x56)=16 -
HCN H+C+N Pr—
1+4+5=10 HEGEne
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Incomplete Octets YOURNOTES
e Forelements below atomic number 20 the octet rule states that the atoms try to achieve 8 !
electronsin theirvalence shells, so they have the same electron configuration as a noble

gas
* However, there are some elements that are exceptions to the octetrule, suchaH, Li, Be, B
andAl
o Hcanachieve astablearrangement by gaining an electron to become 1s?, the same
structure as the noble gas helium
o Lidoesthe same, butlosing an electron and going from1s22s'to 1s2to become a Li*
ion
o Befromgroup 2, has two valence electrons and forms stable compounds with just four
electronsin the valence shell
o BandAlingroup 13 have 3valence electrons and can form stable compounds with
only 6 valence electrons

e There are two examples of Lewis structures with incomplete octets you should know,
BeCl, and BFs:

Incomplete Octets Examples

Total number of

Molecule vdlence electrons Lewis structure

BeCl, Be + 2CL = o e R
2+(2x7)=16 :Cl:Be:Cl:

BF3 B+ 3F = :I:'-T:B:}:'-'::
3+(3x7)=24 :F:

¢ Testyourunderstanding of Lewis diagrams in the following example:

Page 22 of 63

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

YOURNOTES

*> Worked Example !
[

How many electrons arein the 2-aminoethanoic acid molecule?

0
H,N —CH,— C — OH
2-AMINOETHANOQOIC ACID

A. 18

B. 20

C.28

D. 30

Answer:
The correct optionis D.

o Youmustcountthelone pairs on N and O as well as the bonding pairs. There are 5
‘hidden’ pairs of bonding electrons in the OH, CHo and NH2 groups. Hydrogen does
not follow the octetrule.
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4.2 Resonance, Shapes & Giant Structures

4.2.1Resonance Structures

Resonance Structures

¢ Thedelocalization of electrons can explain the structures of some species thatdon’t seem
to fit with a Lewis structure
¢ Delocalized electrons are electrons in a molecule, ion or solid metal that are not associated
with a single atom orone covalentbond
e TheLewis diagram for the nitrate (V) ion gives a molecule with a double and two single
bonds
e There are three possible Lewis Structures
e Thesestructures are calledresonance structures
¢ However, studies of the electron density and bond length in the nitrate (V) ion indicate all
the bonds are equalin length and the electron density is spread evenly between the three
oxygen atoms
o Thebondlengthisintermediate between a single and a double bond
o Theactualstructureis somethingin between the resonance structures andis known
as aresonance hybrid

Resonance structures of the nitrate (V) ion

e Todetermine the Lewis structure of the nitrate (V) ion first count the number of valence
electrons and then add one electron for the negative charge on theion

Number of valence electrons =N + 30 +1
=5+(3x6)+1=24¢electrons

e Three structures are possible, consisting of a double bond and two singles:

THE NEGATIVE CHARGE IS
DISTRIBUTED THROUGHOUT THE ION

=$|)§ :c|): Q?

N R N - N
S N Y X V<= V7 \
JoXN e} (C? :Q*\:‘ ’79: Jek

ELECTRON PAIRS RAPIDLY OSCILLATE
BETWEEN DIFFERENT POSITIONS

Resonance structures in the nitrateion

e Dottedlines are usedto show the position of the delocalised electrons
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THE DOTTED LINES
SIGNIFY DELOCALISED
ELECTRON PAIRS

NOTICE THAT LONE PAIRS
OF ELECTRONS ARE NOT
SHOWN WHEN DRAWING

THE HYBRID STRUCTURE

Resonance hybridnitrate (V)ion

e Thecriteria forformingresonance hybrids structures is that molecules must have a double
bond (pibond) thatis capable of migrating from one part of a molecule to another

e This usually arises when there are adjacent atoms with equal electronegativity andlone
pairs of electrons that canre-arrange themselves and allow the double bonds to bein
different positions

e Otherexamples thatyou should know about are the carbonateion, benzene, ozone and the
carboxylate anion

Resonance Hybrids Table

¢ Below are some otherresonance structures and hybrids that you should know:

Species Lewis resonance structures Resonance hybrid
e e — e — 2-
Carbonate 50, Ho HOH O
ion Coz_ ||F P | - g| li
T /C\f\ 7 (é/c\\"w g ~G7/C\ &CQ-
0 0¢ %0t O O: :0: o ©
Benzene,
SR =
Ozone, O@ . o (@]
2N
% (% = & o o
Carboxylate o O: 0
ion, RCOO™ - R_CC/ rR—c{-
\\8/ ar = N
:0:
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4.2.2 Shapesof Molecules

Shapes of Molecules

e When an atom forms a covalentbond with anotheratom, the electrons in the different
bonds and the non-bonding electrons in the outer shell allbehave as negatively charged
clouds andrepel each other

¢ Inordertominimise this repulsion, all the outer shell electrons spread out as farapartin
space as possible

e Molecularshapes andthe angles between bonds can be predicted by the valence shell
electron pair repulsion theory known by the abbreviation VSEPR theory

e VSEPRtheory consists of three basic rules:

1. All electron pairs and all lone pairs arrange themselves as farapartinspace asis
possible.

2.Lone pairs repel more strongly than bonding pairs.

3. Multiplebonds behavelike single bonds

e Thesethreerules canbeusedto predict the shape of any covalent molecule orion, and the
angles between the bonds

¢ Theregions of negative cloud charge are known as domains and can have one, two or
three pairs electrons

Two electron domains

« |ftherearetwo electron domains on the centralatom, the angle between the bonds is 180°
¢ Molecules which adopt this shape are said to be LINEAR
e Examples of linearmolecules include BeCl,, CO,, and HC=CH

[} [ ] [ ]
LEWIS 00 p L 808Co0S8 °
STRUCTURES :g}': Be:g: %508  S00° HS c§ CoH
Q
MOLECULAR 180° 180 180°
SHAPES CL@QL ODCzo H—C=C—H

Two electron domain molecules

Three electron domains

 |fthere are three electron domains on the centralatom, the angle between the bonds is
120°

¢ Molecules which adopt this shape are said to be TRIANGULAR PLANAR or TRIGONAL
PLANAR

¢ Examples of three electrons domains which are allbonding pairs include BFsand CH,CH>
and CH,O
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LEWIS Ooo. .ooo e : e °® 3 o
STRUCTURES‘ ®00° 00 %0° Hofe g doon Ho Qe Qo
SF2 H H H
(o]}
F H 120° H H 120°
MOLECULAR é\fo“ \%\z C/ \T;N:Q
SHAPES AN y N Y
F F H H H

Molecules with three electron domains

¢ |fone of these electron domains is alone pair, the bond angle is slightly less than 120° due
to the strongerrepulsion from lone pairs, forcing the bonding pairs closer together. E.g. SO,
e Thebondangleis approximately =118°

ceoe

e O
000

03

[o]e)

ceoe

LEWIS STRUCTURE

—_
/%___7\0

~118°

O

MOLECULAR SHAPE

The shape of sulfur dioxide

e Sulfurdioxideis an example of a molecule that 'expands the octet' as you will see there are
10 electrons around the sulfuratom which is possible for 3rd period elements and above

e This shapeis nolongercalled triangular planaras the shape names are only based on the
atoms present, this moleculeis BENT LINEAR

Four electron domains
¢ |fthere are fourelectron domains on the central atom, the angle between the bonds is

approx109°.E.g. CH4, NH,4*
¢ Molecules which adopt this shape are said to be TETRAHEDRAL
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| - +
H
LEWIS o a oo
STRUCTURES ‘ Hol oM HENGSH
oe
H H
- +
1. ot |
MOLECULAR C\log-5 N\r\ﬂog.sf
e ST L. |
SHAPES H\ H o \ "H
H H

Molecules with four electron domains

¢ Ifoneofthe electron domains is alone pair, the bond angleis slightly less than 109°, due to
the extra lone pair repulsion which pushes the bonds closertogether (approx107°). E.g.
NH3,

00
HSNSH
oe
H
LEWIS STRUCTURE

MOLECULAR SHAPE

The shape of ammonia

¢ Molecules which adopt this shape are said to be TRIANGULAR PYRAMIDAL or TRIGONAL
PYRAMIDAL

o Iftwo of the electron domains are lone pairs, the bond angleis also slightly less than 109°,
due to the extra lone pairrepulsion (approx104°). E.g. H,O
¢ Molecules which adopt this shape are said tobbe BENT or ANGULAR or BENTLINEAR or V-

shaped (when viewed upside down)
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[e]e]
HEOS
oe
H
LEWIS STRUCTURE

O
—— 7~

~104.5°

H

MOLECULAR SHAPE

The shape of water

¢ Lone pairs are pulled more closely to the central atoms so they exert a greaterrepulsive
force than bonding pairs

GREATEST REPULSION
BETWEEN LONE PAIRS

H-O-H ANGLE IS 104.5° 7

LEAST REPULSION
BETWEEN BONDING PAIRS

Different types of electron pairs have different repulsive forces
Summary table of electron domains and molecular shapes

¢ These are the domains and molecular geometries you need to know for Standard Level:
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Bonding Lone Total Domain Molecular  Bond
pairs pairs  pairs geometry geometry angle
2 0 2 linear linear 180
trigonal trigonal o
: P = planar planar (=20
trigonal bent 5
2 1 3 planar linear 8
4 0 4 tetrahedral | tetrahedral | 109.5°
3 1 4 tetrahedral -trlgon_dl 107°
pyramid
5 5 4 tetrahedral 'tln‘en't 104.5°
Inedr
(") Exam Tip

Be careful to distinguish between molecular shape and electron domain shape as it

can be easy to confuse the two. Sometimes they are the same as is the case of

methane, but othertimes they can be different like ammonia which has a tetrahedral

domain shape, but triangular pyramid molecular shape. Always draw the Lewis
structure before you attempt to deduce the shape andbond angle as you could
easily miss somelone pairs
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4.2.3 Predicting Molecular Shapes YOURlNOTES

Predicting Shapes & Bond Angles

o Beforeyou predict the shape of any molecule work out the Lewis structure to determine the
number of bonding andlone pairs
¢ Apply the VSEPR rules andyou should be successfulin deducing the correct shape and

bondangle

> Worked Example

Predict the domain geometry, shape andbond angle in the following molecules or
ions:

1.H,S
2.NH,CI
3.NO,*
4.CIF,*

Answers:

Answer 1: The totalnumber of valence electrons inH,Sis =1+ 1+ 6 = 8, so there are four pairs
of electrons around S

Hydrogen only forms one bond, so there are two bonding pairs and two lone pairs:

TEWIS DOMAIN = TETRAHEDRAL
GEOMETRY
STRUCTURE
(e]e] DY0
: N @9

/E SHAPE = BENT LINEAR|

- A

BOND ANGLE = 105"

Answer 2: The totalnumber of valence electronsin NH,Clis =5 +1+1+7=14

DOMAIN = TETRAHEDRAL
LEWIS E (\VGEOMETRY
STRUCTURE
oo oo & SHAPE = TRIGONAL
HENekEl g N HPYRAMID

— N~
e HR.\ TcL
H
(EBOND ANGLE = 107"

Answer 3: The totalnumber of valence electrons in NO,™=5+ 6 + 6 -1=16 (subtractingone
forthe positive charge)
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LB DOMAIN GEOMETRY = LINEAR| YOURNOTES
STRUCTURE )

+
oo 00 SHAPE = LlNEAR|
S N O N O

[ JeX Jo]
00@0
(o] o]

BOND ANGL

Answer 4: The totalnumber of valence electrons in CIF,*=7+7+7-1=20 (subtractingone
forthe positive charge)

LEWlS DOMAIN = TETRAHEDRAL
STRUCTURE GEOMETRY
+

OO Q0 .
SF2cCLS 'c * SHAPE = BENT LINEAR|
OO oe
O F Q F F
BOND ANGLE =

O Exam Tip
* For Standard Level Chemistry you are only required to know the shape of molecules
up to four electron domains.
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4.2.4Molecular Polarity

Molecular Polarity

Assigning polarity to molecules

¢ Thereis a difference between bond polarity and molecular polarity
e Todeterminewhetheramoleculeis polar, the following things have to be takeninto
consideration:

o The polarity of each bond
o How thebonds are arrangedin the molecule

¢ Some molecules have polarbonds but are overall not polar because the polarbonds in the

molecule are arrangedin such way that the individual dipole moments cancel each other
out

POLAR

There are four polar covalent bonds in CH3Cl which do not cancel each other out causing
CH3zCltobe apolar molecule; the overall dipole is towards the electronegative chlorine
atom
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NONPOLAR

Copyright © Save My Exams. All Rights Reserved

Though CCl4 has four polar covalent bonds, the individual dipole moments cancel each
otherout causing CCl4 to be a nonpolar molecule

e Furtherexamples of molecules with no net dipole:

S5-

| NON POLAR

| NON POLAR |

Carbon dioxide and boron trifluoride have polar bonds but no net dipole
¢ Tryyourhand at this polarity question:
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*> Worked Example

Which moleculeis non-polar?
A NH3
B.CO
C.SO,

D.AlBrs

Answer:

The correct optionis D.

o The shapes and polarity of the molecules are as follows:

% & i
...... 5+ &- S
H N H  c=o N Al
S+ H &+ s s

&+ N - Br Br

Although the Al-Brbonds are polar, the trigonal planar molecule is symmetrical so the

dipoles cancel outleaving a non-polarmolecule

O Exam Tip

One of the clues about molecular polarity is to look at the symmetry of the molecule

Molecules which are symmetrical are unlikely to be polar
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4.2.5 Giant Covalent Structures

Giant Covalent Structures

Covalentlattices

¢ Covalentbonds are bonds between nonmetals in which electrons are shared between the
atoms

e Insomecases,itis not possible to satisfy the bonding capacity of a substancein the form
of amolecule; the bonds between atoms continue indefinitely, and alarge lattice is formed.
There are noindividual molecules and covalent bonding exists between alladjacent atoms

e Suchsubstances are called giant covalent substances, and the mostimportant examples
areCandSiO,

e Graphite, diamond, buckminsterfullerene and graphene are allotropes of carbon

Diamond
e Diamondis a giantlattice of carbon atoms
e Eachcarbonis covalently bondedto fourothers in a tetrahedral arrangement with abond
angle of 109.5°
e Theresultis a giant lattice with strongbonds in all directions
¢ Diamondis the hardest substance known
o Forthisreasonitis usedin drills and glass-cutting tools

CARBON
ATOM
4 STRONG COVALENT

BONDS PER ATOM /EBOND ANGLE 109.5°

DIAMOND (CARBON)

The structure of diamond

Graphite
¢ Ingraphite, each carbon atomis bondedto three others in alayered structure

e Thelayers are made of hexagons with a bond angle of 120°
¢ Thespareelectronis delocalised and occupies the space in between the layers
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¢ Allatomsinthe samelayerare held together by strong covalent bonds, and the different YOURNOTES
layers are held together by weak intermolecularforces 1

CARBON
ATOM
HEXAGONAL
3 STRONG COVALENT LAYERS
BONDS PER ATOM

WEAK 4—— ~(CBOND ANGLE 120°
INTERMOLECULAR -

FORCES

GRAPHITE (CARBON)

The structure of graphite

Buckminsterfullerene

¢ Buckminsterfullereneis one type of fullerene, named after Buckminster Fuller, the
American architect who designed domes like the Epcot Centrein Florida

¢ [tcontains 60 carbon atoms, each of which is bonded to three others by single covalent
bonds

e Thefourth electronis delocalised so the electrons can migrate throughout the structure
making the buckyball a semi-conductor

e |thas exactly the sameshapeas asoccerball, hence the nickname the football molecule

CARBON
ATOM

INTERLOCKING
» HEXAGONS &
PENTAGONS

3 STRONG
COVALENT
BOND PER
ATOM

BUCKMINSTERFULLERENE (Cgp) THE SOCCER BALL MOLECULE

The structure of buckminsterfullerene

Graphene
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e Somesubstances contain aninfinite lattice of covalently bonded atoms in two dimensions YOURNOTES
only to formlayers. Grapheneis an example 1

¢ Grapheneis made of a single layer of carbon atoms that are bonded togetherin a repeating
pattern of hexagons

e Grapheneis one million times thinner than paper; so thin thatitis actually considered two

dimensional
CARBON
ATOM

3 STRONG COWVALENT
BONDS PER ATOM
1 LAYER
THICK
HEXAGONAL
SHEET

GRAPHENE (CARBON)

The structure of graphene

Silicon(lV)oxide
¢ Silicon(IV)oxideis also known as silicon dioxide, but you willbe more familiar with it as the
white stuff on beaches!
¢ Silicon(lV)oxide adopts the same structure as diamond - a giant structure made of
tetrahedral units allbonded by strong covalent bonds
e Eachsiliconis shared by four oxygens and each oxygenis shared by two silicons
e This gives an empirical formula of SiO»
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EACH SILICON IS YOURNOTES

SHARED BETWEEN l
4 OXYGEN ATOMS

TETRAHEDRAL

EACH OXYGEN IS REPEAT UNITS
SHARED BETWEEN
2 SILICON ATOMS | | a

SILICON (IV) OXIDE (SiO,)

The structure of silicon dioxide
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Properties of Giant Structures

» Different types of structure and bonding have different effects on the physical properties
of substances such as theirmelting and boiling points, electrical conductivity and

solubility

Covalent bonding & giant covalent lattice structures

¢ Giant covalentlattices have very high melting and boiling points
o These compounds have alarge number of covalent bonds linking the whole structure
o Alotof energyis required to break the lattice

e The compounds can behard or soft
o Graphiteis soft as the forces between the carbon layers are weak

o Diamondandsilicon(lV) oxide are hard as it is difficult to break their 3D network of
strong covalentbonds

o Grapheneis strong, flexible and transparent which it makes it potentially a very useful

material

e Mostcompounds areinsoluble with water

¢ Mostcompounds do not conduct electricity however some do

o Graphite has delocalised electrons between the carbon layers which can move along

thelayers when avoltageis applied

o Grapheneis an excellent conductors of electricity due to the delocalised electrons

o Buckminsterfullereneis a semi-conductor

o Diamond and silicon(lV) oxide do not conduct electricity as all four outer electrons on
every carbon atomis involvedin a covalent bond so there are no free electrons

available

Characteristics of Giant Covalent Structures Table

Buckminster—

steel

Diamond Graphite  fullerene Graphene Silicon dioxide
Melting and Very high Very high Low Very high Very high
boiling point
Electrical Non—conductor | Good Semi— Very good Non—
Conductivity conductor conductor conductor
Appeadrance Transparent Grey—black | Yellow solid Transparent Transparent
crystals solid sheets crystals
Special Hardest known Soft and Very light and Very strong Piezoelectric—
Characteristics | naturally slippery strong and flexible; produces electric
occurring 100 times charge from
substance stronger than | mechanical stress
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(’) Exam Tip .

Although buckminsterfullereneis includedin this sectionitis not classified as a giant
structure as it has a fixed formula, C¢n
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4.3 Intermolecular Forces & Metallic Bonding

4.3.1Types of Intermolecular Forces

Intermolecular Forces

¢ Thereareno covalentbonds between molecules in molecular covalent compounds. There
are, however, forces of attraction between these molecules, anditis these which mustbe
overcome when the substanceis melted and boiled
e Theseforces are known as intermolecular forces
e There are three main types of intermolecular forces:
o London(dispersion) forces
o Dipole-dipole attraction
o Hydrogen bonding

London (dispersion) forces

e Theelectronsinatoms are not static; they arein a state of constant motion
o |tisthereforelikely that atany given time the distribution of electrons willnot be exactly
symmetrical - thereis likely to be a slight surplus of electrons on one side of the atoms
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ELECTRON CHARGE o+ 8-

CLOUD MOVES

NON-POLAR INSTANTANEQUS
MOLECULE (TEMPORARY) DIPOLE

&+ 65—

NON-POLAR
MOLECULE

ELECTRON CHARGE
CLOUD MOVES

INSTANTANEOUS
(TEMPORARY) DIPOLE

AS THE INSTANTANEOUS DIPOLE
APPROACHES THE NON-POLAR MOLECULE
IT INDUCES A DIPOLE IN THE
NEIGHBOURING NON—-POLAR MOLECULE

S+ S—

INTER MOLECULAR
ID-ID FORCES

INSTANTANEOUS INDUCED
(TEMPORARY) DIPOLE DIPOLE

London (Dispersion) forces

¢ Thisis known as atemporary dipole
o |tlasts foravery shorttime as the electrons are constantly moving
o Temporary dipoles are constantly appearing and disappearing

e Considernow an adjacentatom. The electrons on this atom are repelled by the negative
part of the dipole and attracted to the positive part and move accordingly
¢ Thisis atemporaryinduced dipole
o Thereis aresulting attraction between the two atoms, and this known as London
(dispersion) forces, afterthe German chemist, FritzLondon
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¢ London (dispersion) forces are present between allatoms and molecules, although they
canbeveryweak
o Theyarethereason allcompounds can be liquefied and solidified
o London (dispersion) forces tend to have strengths between 1kJmol~'and 50 kJmol-".

e Thestrength of the London( dispersion) forces in between molecules depends on two
factors:
o thenumber of electronsin the molecule
o Surfacearea of themolecules

Number of electrons

¢ The greaterthe number of electrons in a molecule, the greater the likelihood of a distortion
andthus the greater the frequency and magnitude of the temporary dipoles

e Thedispersion forces between the molecules are strongerand the melting and boiling
points are larger

e The[popoverid="TijiliYH5LAeclpp" label="enthalpies of vaporisation"] and boiling points of
the noble gasesiillustrate this factor:

—~ 20~ R —-100+ Xe
L O
g : Kr
X Xe § Ar
zZ
S O 104 Kr o —200
> L_( Ar %
| A o)
% g GO:, Ne
- o
0 20 40 60 0] 20 40 60
NUMBER OF ELECTRONS
ELECTRONS

As the number of electrons increases more energy is needed to overcome the forces of
attraction between the noble gases atoms

Surfacearea

e Thelargerthe surface area of amolecule, the more contactit willhave with adjacent
molecules

e Thegreaterits ability toinduce a dipolein an adjacent molecule, the greater the London
(dispersion) forces and the higher the melting and boiling points

¢ This pointcan beillustrated by comparing differentisomers containing the same number of
electrons:
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CONTACT
POINTS

2\ / CH;, CH, W CH, CH,
§ é § § N/ N/
7N 7N
CH CH, CH; WW CH, CH;
PENTANE 2,2-DIMETHYLPROPANE
BOILING POINT 36°C BOILING POINT 10°C

Boiling points of molecules with the same numbers of electrons but different surface areas

Dipole-dipole atttractions
e Temporary dipoles existin allmolecules, butin some molecules thereis also a permanent
dipole
¢ Inaddition to the London (dispersion) forces caused by temporary dipoles, molecules

with permanent dipoles are also attracted to each other by permanent dipole-dipole
bonding

POLAR POLAR
MOLECULE MOLECULE
& & PERMANENT DIPOLE - S5+ &
PERMANENT DIPOLE

FORCES
PERMANENT PERMANENT
DIPOLE DIPOLE

The delta negative end of one polar molecule will be attracted onwards the delta positive
end of a neighbouring polar molecule

¢ Thisis anattraction between a permanent dipole on one molecule and a permanent
dipole on another.

¢ Dipole-dipolebonding usually results in the boiling points of the compounds being
slightly higherthan expected from temporary dipoles alone
o itslightlyincreases the strength of the intermolecular attractions

¢ The effect of dipole-dipole bonding can be seen by comparing the melting and boiling
points of different substances which should have London(dispersion) forces of similar
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strength YOURNOTES
l

Comparing butane and propanone

e Forsmallmolecules with the same number of electrons, dipole-dipole attractions are
stronger than dispersion forces

o Butaneandpropanone have the samenumber of electrons

o Butaneis anonpolarmolecule and willhave only dispersion forces

o Propanoneis a polarmolecule and will have dipole-dipole attractions and dispersion
forces

o Therefore, more energy is required to break the intermolecular forces between
propanone molecules than between butane molecules

o Theresultis that propanone has a higherboiling point than butane

CH,
5,
CH/CHE\CH/CH3 6>C=O
BUTANE PROPANONE
BOILING POINT O°C BOILING POINT 56°C

Comparing substances with permanent and temporary dipoles in smaller
molecules with an equal number of electrons

Hydrogen bonding
¢ Hydrogenbondingis the strongest type of intermolecular force
o Hydrogen bondingis a special type of permanent dipole - permanent dipole
bonding

e Forhydrogen bondingto take place the followingis needed:
o Aspecieswhichhasan OorN orF(very electronegative) atom with an available lone
pair of electrons
o Ahydrogenattachedtothe O,NorF

¢ When hydrogen is covalently bonded to an electronegative atom, such as O orN, the bond

becomes very highly polarised
e TheHbecomes sod* chargedthatit can formabondwith the lone pairof an O orNatomin

anothermolecule

ELECTRONEGATIVE ATOM
PULLS ELECTRONS \

STRONGER THAN H
POLAR BONEQ/
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The electronegative atoms O or N have a stronger pull on the electrons in the covalent bond
with hydrogen, causing the bond to become polarised

e Hydrogenbonds are represented by dots ordashes between H and the N/O/F element
e Thenumber of hydrogen bonds depends on:

o Thenumberof hydrogen atoms attached to O orNin the molecule

o Thenumberoflone pairs onthe OorN

ONE LONE PAIR ON N SO AMMONIA CAN
FORM A MAXIMUM OF ONE HYDROGEN BOND

H H

N )\

H——N eee  H—N
/ Y

HYDROGEN

BOND

H

Ammonia can form a maximum of one hydrogen bond per molecule

TWO LONE PAIRS ON O
SO WATER CAN FORM H H
A MAXIMUM OF TWO

HYDROGEN BONDS \ /

29,
S+ ,% O— » &+
H H H
k- O/ N O/

HYDROGEN
BONDS

Water can form a maximum of two hydrogen bonds per molecule
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INTERMOLECULAR FORCE
o (H-BOND, A SPECIAL TYPE OF PERMANENT

DIPOLE—-PERMANENT DIPOLE)

o INTRAMOLECULAR FORCE

(POLAR COVALENT BOND)

The polar covalent bonds between O and H atoms are intramolecular forces and the
permanent dipole - permanent dipole forces between the molecules are intermolecular
forces as they are a type of van der Waals’ force

(') Exam Tip

¥ Theterm*“London (dispersion) forces” refers to instantaneous induced dipole
induced dipole forces that exist between any atoms or groups of atoms and should
be used fornon-polarspecies. You may be wondering about the term “van der
Waals” forces:itis aninclusive term andrefers to dipole-dipole, dipole-induced
dipole and London (dispersion) forces
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4.3.2 Deducing Intermolecular Forces YOURlNOTES

Deducing Intermolecular Forces

¢ Inorderto deducethe types of intermolecular forces presentin molecules you need
information about the structure and chemical formula of the molecules
¢ Thechemical formula will tellyou about the presence of electronegative elements present

inthe molecule
o Any potential polarbonds can beidentified
o IfN,OorFis presentthen hydrogen bonds are potentially possible

e Thestructure and symmetry of the molecule will enable you to determine if the molecule is
polar following the principles laid out in 4.1.10 Molecular Polarity

) Worked Example

Which of the compounds below can form intermolecularhydrogen bonds in the
liquid state?

A.(CH3CH))3N
B.CHzOCHs3
C.CCly

D.C,HsOH

Answer:
The correct optionis D.

o Draw the displayed structures of the molecules:
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s S _
CH3EH2—N—CH2+C\-\3 3

@)

. S+ U~ 6+
C|3H2 H.C CH,
CH, POLAR BONDS
ASYMMETRICAL
POLAR BONDS POLAR MOLECULE
ASYMMETRICAL

POLAR MOLECULE

oL [o]

|| & &+
- | &+ &- H—C—C—0O—H
Cl—Cl—Cl |
| H H
Cl
&- POLAR BONDS ASYMMETRICAL

POLAR MOLECULE H ATTACHED
TO NOF ELEMENT

POLAR BONDS SYMMETRICAL
NON—-POLAR MOLECULE

o Molecules AandB form dipole-dipole attractions as they are polar molecules

o Molecule Cforms dispersion forces as the dipoles cancel out so thereis no overall
polarity

o MoleculeDis the only one capable of forming hydrogen bonds

(') ExamTip

- : . . .
Sometimes a question willask you to name all the IMFs present in molecules and
students frequently forget to include dispersion forces which are presentin all
molecules, since everything contain electrons!
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4.3.3 Properties of Covalent Compounds

Properties of Covalent Compounds

e Thephysical properties of molecular covalent compounds are largely influenced by their

intermolecular forces
If you know the type of intermolecular forces present you can predict the physical
properties like melting and boiling point, solubility, and conductivity

Melting and boiling point

When covalent molecular substances change state you are overcoming the
intermolecular forces
The stronger the forces the more energy need to break the attraction
Intermolecular forces are much weaker than covalentbonds, so many covalent
substances are liquid or gases at room temperature
Substance with alow melting and boiling point are said to be very volatile
The strength of the intermolecularforces increases with

o thesize of themolecule

o theincreasein the polarity of the molecule

o Drawing the structure of the molecule helps identify and rank molecules according to

boiling point as the following example shows:

*> Worked Example

Place these three molecules in the correct order from lowest to highest boiling
point and explain yourreasoning:

CH3CH,CH,OH CH3COCHs;  CH3CH,CH,CHs

Answer:

Step 1: The first thing to dois find the approximate relative molecular mass:
CHzCH,CH,OH =60
CH3sCOCHz =58
CHzCH,CH,CHz =58

This tells you the molecules are approximately the same size so the dispersion forces will be
similar

Step 2: Draw the structures of the molecules andidentify the intermolecular forces present
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6_

H H H H O H H H H H
|11 & s+ | s+ | L
S A A A A A
H H H H H H H H H

HYDROGEN DIPOLE-DIPOLE DISPERSION
BONDING ATTRACTIONS FORCES

So, the order of boiling from lowest to highest is:
CHzCH,CH,CHz < CH3COCHz < CH3CH,CH,OH
Solubility

e Thegeneral principleis that 'like dissolves like' so non-polar substances mostly dissolvein
non-polarsolvents, like hydrocarbons and they form dispersion forces between the
solventandthesolute

e Polarcovalent substances generally dissolve in polarsolvents as a result of dipole-dipole
interactions orthe formation of hydrogen bonds between the solute and the solvent

¢ Agoodexample of thisis seen in organic molecules such as alcohols and water:

S
5+,
H H H H
|| &7
H—C—C— O HYDROGEN
|| No+ BOND
H H H

Hydrogen bonds form between ethanol and water

¢ Ascovalentmolecules become larger their solubility can decrease as the polar part of the
moleculeis only a smaller part of the overall structure
o This effectis seenin alcohols forexample where ethanol, CoH50H, is readily soluble
but hexanol, C¢HizOH, is not

e Polarcovalent substances are unable to dissolve wellin non-polar solvents as their dipole-
ipole attractions are unable tointeract well with the solvent

¢ Giantcovalent substances generally don'tdissolvein any solvents as the energy needed
to overcome the strong covalent bonds in the lattice structures is too great

Conductivity

¢ Ascovalentsubstances donot contain any freely moving charged particles they are unable
to conduct electricity in either the solid or liquid state

e However, under certain conditions some polar covalent molecules can ionise and will
conduct electricity

Page 52 of 63

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukfor more awesomeresources

e Some giant covalent structures are capable of conducting electricity due to delocalised
electrons, as seenin Section 4.1.11 Giant Covalent Structures, but they are exceptions to
the generalrule

Comparing the Properties of Covalent Compounds Table

Non—polar  Polar

covalent covadlent Giant covalent lonic
substances substances substances substdnces
Melting and Low Low Very high Very high
boiling point
Volatility Highest High Low Low
Solubility in Insoluble Some solubility Insoluble Soluble
polar solvents depending on

molecular size

Solubility in Soluble Some solubility None Insoluble
non—polar depending on

solvents molecular size

Electrical None None None — except Only when molten
conductivity grdphite, graphene | or dqueous

*> Worked Example
°

CompoundXhas the following properties:

Melting point Electrical conductivity

solid molten

1450°C
poor poor

Whatis the most probable structhé of X? .I
A.Network covalent
B. Polarcovalent molecule
C.loniclattice

D. Metallic lattice
Answer:
The correct optionis A
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o Ahigh melting pointis characteristic of a giant structure, which could be metallic, ionic YOURNOTES
orcovalent !

o Thepoorconductivity as a liquid and solid would match a giant covalent ornetwork
covalent structure
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4.3.4MetallicBonding YOURlNOTES

Metallic Bonding

¢ Metal atoms are tightly packed togetherinlattice structures

¢ Whenthemetalatoms areinlattice structures, the electrons in their outer shells are free to
move throughout the structure

e Thefree-movingelectrons are called ‘delocalised’ electrons and they are notbound to
theiratom

¢ Whentheelectrons are delocalised, the metal atoms become positively charged

e Thepositive charges repel each otherandkeep the neatly arranged latticein place

e There arevery strong electrostatic forces between the positive metal centres and the ‘sea’
of delocalised electrons

LELECTRONS IN THE OUTER SHELL

OUTER SHELL
OF THE METAL
ATOMS

WHEN METALS ARE

CLOSELY PACKED IN
ﬂ |, A LATTICE, THEIR

OUTER ELECTRONS
DISSOCIATE FROM
THE POSITIVE CENTRE

THE DELOCALISED (MOBILE)
ELECTRONS ARE FREE TO
MOVE THROUGH THE METAL

Q000!
JOIOCIOK
HHEHO!

ONCE THE OUTER ELECTRON
ARE DELOCALISED, THE
POSITIVE METAL CENTRES

METALLIC BONDING
INVOLVES STRONG
| ELECTROSTATIC FORCES
OF ATTRACTION BETWEEN
THE METAL CENTRES AND
DELOCALISED ELECTRONS

ARE SUSPENDED IN THE
“SEA"™ OF ELECTRONS

The positive metal centres are suspendedin a ‘sea’ of delocalised electrons
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Properties of Metals YOURNOTES
l

¢ Metalliccompounds are malleable
o When aforceis applied, the metallayers can slide
The attractive forces between the metalions and electrons actin all directions
Sowhenthelayers slide, the metallic bonds are re-formed
Thelatticeis notbroken andhas changed shape

00000 00000

JFEL, ©OOOO0 ©0000®
PP 200000 @OOPO®

@O0 ©@ 666066

LAYERS CAN SLIDE OVER EACH OTHER

o

o

o]

e Metalliccompounds are strong and hard
o Duetothestrongattractive forces between the metalions and delocalised electrons

¢ Metals have high melting andboiling points

Conductivity

e Metals can conduct electricity when in the solid orliquid state
o Asbothinthesolidandliquid state there are mobile electrons which can freely move
around and conduct electricity

¢ Since thebondingin metals is non-directional, it does not really matterhow the cations
are orientedrelative to each other

¢ Themetal cations can be moved around and there will stillbe delocalised electrons
available to hold the cations together

Metallic Bonding Summary Table
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YOURNOTES
Property Explanation {
High melting Positive metal atom centres and the delocalised
and boiling electrons in ametallic lattice have strong
points electrostatic forces between them

Therefore, high energy is needed to overcome the
strong forces of attraction

As the number of mobile charges increase from left
to right of the Periodic Table, the melting and boiling
points increase as the electrostatic forces

become stronger

Electrical When a potential difference is applied to the
Conductivity metallic lattice, the delocalised electrons repel
away from the negative terminal and move towards
the positive terminal

As the number of valence electrons increases across
the Period, the number of delocalised charges also
incredses:

° Sodium = 1valence electron

o Magnesium = 2 valence electrons

° Aluminium = 3 valence electrons

off=ten

Therefore the ability to conduct electricity
also increases
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Strength of Metallic Bonds

Not allmetallic bonds are equal. There are several factors that affect the strength of a metallic
bond:

The charge on the metalion

e Thegreaterthe charge onthemetalion, the greaterthe number of electronsin the sea of
delocalised electrons and the greater the charge difference between theions and the
electrons

¢ Agreaterchargedifferenceleads to a stronger electrostatic attraction, and therefore a
stronger metallic bond

e This effect canbe seenin melting point data across a period, as the charge on the metalion
increases without a significant change inionic radius:

Metal Sodium Magnesium Aluminium
Melting point /K 371 923 933

Theradius of the metalion

e Metalions with smallerionic radii exert a greaterattraction on the sea of delocalised
electrons

¢ This greaterattraction means a stronger metallic bond, requiring more energy to break

¢ This canbe seenin data from metals, descending a group, where the charge on theion
remains constant but theionicradius increases:

Metal Sodium Potassium Rubidium
Melting point /K 371 336 312
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4.3.5Trendsin Melting Points of Metals YOUR TOTES

Trendsin Melting Points of Metals

e Thestrength of electrostatic attraction can beincreasedby:
o Increasing the number of delocalised electrons permetalatom
o Increasing the positive charges on the metal centresin thelattice
o Decreasing the size of the metalions

e Thesefactors canbeseeninthetrends across a period and down a group

Melting points of metals across a period

» |fyou compare the electron configuration of sodium, magnesium and aluminium you can
see the number of valence electrons increases
o Na=1s22s22p53s’
o Mg=1s22522p%3s?
o Al =1s22522p%3s23p!

e Aluminiumions are also a smaller size than magnesiumions orsodiumions and these two
factors lead to stronger metallic bonding which can be seenin the melting points
¢ Thestronger the metallic bonding, the more energy is need to break the metallic lattice and
so the higher the melting point
¢ Aswe goacross period 3we can see the effect of stronger metallic bonding on the metals
o Rememberonly the first three elements have metallic bonding in this graph
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YOURNOTES
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Melting points as you go across a period. The metallic bonding gets stronger from Na to Al

Melting points of metals down a group

¢ Asyougodownthe group the size of the cationincreases so this decreases the attraction
between thevalence electrons and the metallic lattice, leading to a reduction of the melting
point
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YOURNOTES
200 1

MELTING POINT /°C

Li Na K Rb Cs

Copyright © Save My Exams. All Right

served

Melting points as you go down a group of metals. The metallic bonding gets weaker from Li
toCs

(’) ExamTip

*  Youseefromthe graph that the melting pont of aluminiumis not that much higher
than magnesium. Itis areminderto us that these are trends and not rules about
melting points and sometimes there are other factors which can resultin subtle
differences from what was expected.One factor hereis the metal packing structure
- this can alsoinfluence the melting point, butitis beyond what is requiredin the IB
Chemistry syllabus. You just need to learn and explain the broad trends
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Alloys

¢ Alloys are mixtures of metals, where the metals are mixed together physically but are not
chemically combined

e Theycan also be made from metals mixed with nonmetals such as carbon

¢ lons of the different metals are spread throughout the lattice and are bound together by
the delocalized electrons

e |tis possible to form alloys because of the non-directional nature of the metallic bonds

ELEMENT x%\

ELEMENT Y

#save myexams

Ina metallic lattice the regular structure of metal cations (shown by Element Y) is disrupted
by the presence of another element (Element X)

« Alloys have distinct properties due to the different packing of the cations in the lattice

¢ Alloys often have properties that can be very different to the metals they contain, for
example they can have greater strength, hardness orresistance to corrosion or
extreme temperatures

¢ Alloys contain atoms of different sizes, which distorts the regulararrangements of cations

¢ This makes it more difficult forthe layers to slide overeach other, so they are usually much
harder than the pure metal

¢ Belowis atable of some common alloys and theiruses:

Common Alloys and their Uses Table
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Elements
present Properties
Brass copper dnd zinc strong and door handles,
resistant to hinges, musical
corrosion instruments
Steel iron, carbon and | very strong construction,
other elements bridges, cars
like chromium,
vanadium, and
molybdenum
Solder lead and tin Low melting point | joining metals in
electrical circuits
and jewellery
Bronze | copper and tin hard and strong medals, sculptures,
resistant to ship fittings
corrosion
(") Exam Tip

You don'tneedto learn the specific alloys, but you should be able to use examples
you know to explain why alloys have the properties they do compared to pure

metals
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