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Evidence of Covalent Bonding 4

Your notes

Evidence of Covalent Bonding

= Covalent bonding occurs between two non-metals

= Acovalentbondinvolves the electrostatic attraction between nuclei of two atoms and
the electrons of their outer shells

= No electrons are transferred but only shared in this type of bonding

= \Whenacovalent bondis formed, two atomic orbitals overlap and a molecular orbital is
formed

= Covalent bonding happens because the electrons are more stable when attracted to
two nuclei than when attracted to only one

EACH HYDROGEN HAS
1 ELECTRON IN ITS
OUTER SHELL

A HYDROGEN
MOLECULE

He + H* ——> HeH
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 covalent bond

= [nanormalcovalentbond, each atom provide one of the electronsinthe bond. A
covalent bondisrepresented by a short straight line between the two atoms, H-H

= Covalent bonds should not be regarded as shared electron pairs in a fixed position; the
electrons are in a state of constant motion and are best regarded as charge clouds

® .0
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A representation of electron charge clouds. The electrons can be found anywhere in the ,

charge clouds
Your notes

Bond Polarity

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

= Whentwo atomsin a covalent bond have the same electronegativity the covalent bond
isnonpolar

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

When two atoms in a covalent bond have different electronegativities the covalent bond

is polar and the electrons will be drawn towards the more electronegative atom As a result
of this: The negative charge centre and positive charge centre do not coincide with each
other This means that the electron distribution is asymmetric The less electronegative atom
gets a partial charge of 6+ (delta positive) The more electronegative atom gets a partial
charge of - (delta negative)

= The greater the difference in electronegativity the more polar the bond becomes until
the bond becomes ionic

S+

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

The octetrule
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= |nsomeinstances, the central atom of a covalently bonded molecule can ,
accommodate more orless than 8 electronsinits outer shell
Your notes
= Being able toaccommodate more than 8 electronsin the outer shellis known as
‘expanding the octet rule’

= Atoms from Period 3 onwards can accommodate more than 8 electrons as the
d-orbitals are accessible

= Common examples of elements that can have an'expanded octet' are
phosphorous and sulfur

= Forexample, PCls, which has 10 electrons around the central phosphorus atom
= |InSF¢, there are 12 electrons around the central sulfur atom

= Accommodatingless than 8 electronsin the outer shell means that the central atom
is ‘electron deficient’

= Boronhas 3electronsinits outer shell, 2s22p!
= Whenit forms a covalent compound, these three electrons are paired

= Forexample, BFz which has 6 electrons around the central boron atom

Covalent bonding & simple covalent lattice structures

= Covalent bonding can beresponsible for substances that have many different
structures and therefore different physical properties

= Smallmolecules such as HoO and N3 are simple units made from covalently bonded
atoms

= These simple molecules contain fixed numbers of atoms

= Simple covalent lattices have low melting and boiling points
= These compounds have weak intermolecular forces between the molecules
= Onlylittle energy is required to break the lattice

= Mostcompounds are insoluble with water
= Unlessthey are polarand canform hydrogen bonds (such as sucrose)

= They do not conduct electricity in the solid or liquid state as there are no charged
particles

= Some simple covalent compounds do conduct electricity in solution, but this is
because theirinteraction with water produces ions, for example, HCl which forms H*
and Cl”ions when in aqueous solution

= Buckminsterfullere, Cgp, is an exception to some of these general points about simple
molecules

= Buckminsterfullerene and other fullerenes are spherical networks of carbon atoms

= They are made up of large molecules but they are not classed as giant covalent
structures
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= Compared to othersimple covalent molecules, buckminsterfullerene has a higher ,
melting and boiling point

Your notes
= Fullerenes are generally larger molecules so will have largerintermolecular

forces because of the number of electrons within the molecule which require
more energy to overcome

= Fullerenes are goodinsulators as, despite having delocalised electrons within their
structure, these cannot pass between molecules and therefore cannot conduct
electricity

Covalent bonding & giant covalent lattice structures

Giant covalent structures have a huge number of non-metal atoms bonded to other
non-metal atoms via strong covalent bonds

These structures can also be called giant lattices and have a fixed ratio of atomsin the
overall structure

Some of the common macromolecules you should know about include diamond and
graphite

Giant covalent lattices have very high melting and boiling points

= These compounds have alarge number of covalent bonds linking the whole
structure

= Alot of energy isrequiredto break the lattice
The compounds can be hard or soft
= Graphiteis soft as the forces between the carbonlayers are weak

= Diamond andsilicon(lV) oxide are hard as it is difficult to break their 3D network of
strong covalent bonds

Most compounds are insoluble with water
Most compounds do not conduct electricity however some do

= |ngraphite, each carbon atom has three outer electrons that are involved in bonding
to other carbon atoms, leaving one electron which becomes delocalised between
the carbonlayers and can move along the layers when a voltage is applied

= Diamond and silicon(lV) oxide do not conduct electricity as all four outer electrons
onevery carbon atom are involved in a covalent bond so there are no freely moving
electrons available
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Covalent Bonding 4

Your notes

Covalent Dot & Cross Diagrams

Covalent compounds

= The atomsin covalent compounds will share their outer valence electrons to achieve
anoble gas configuration

=0 — @)=

THE OUTER SHELL (h=1) HAS THE
MAX NUMBER OF ELECTRONS (= 2)

SO — (T
2 (OO — @ =
2 (OO — (D=
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H—(‘:, Your notes
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Dot-and-cross diagrams of covalent compounds in which the atoms share their valence
electrons

Double covalent bonding

Oxygen, O3
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EACH OXYGEN ATOM ,
HAS 6 ELECTRONS IN Your notes
ITS OUTER SHELL

2 OXYGEN ATOMS SHARE
4 ELECTRONS TO FORM
A DOUBLE COVALENT BOND

+ _ 0=0

OXYGEN

o ONCE BONDED, EACH OXYGEN
ATOMS OCTET IS COMPLETE

o DOUBLE BONDS ARE STRONGER
THAN SINGLE BONDS

Covalent bonding in oxygen

Carbon dioxide, CO,

EACH OXYGEN ATOM

r'TASS guiﬁiﬁgf o 4 ELECTRONS ARE SHARED
BETWEEN THE CARBON ATOM
AND OXYGEN IN EACH C=0

@ @ DOUBLE COVALENT BOND
+ — e e 0=C=0
CARBON

DIOXIDE

IN CO, EACH OXYGEN
ATOM HAS 2 NON-BONDED
ELECTRON PAIRS — THESE
ARE CALLED "LONE PAIRS®

CARBON IS IN GROUP 14.
IT REQUIRES 4 MORE

ELECTRONS TO ACHIEVE
A FULL OUTER SHELL

Covalent bonding in carbon dioxide

Ethene, C3H4
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EACH HYDROGEN ATOM /
HAS 1 ELECTRON IN ITS Your notes
OUTERSHELL. 4 HYDROGEN

ATOMS ARE REQUIRED TO

MAKE ETHENE

EACH CARBON ATOM
SHARES 2 ELECTRONS

@ @ TO FORM A DOUBLE
BOND

+ —

(D0

EACH CARBON ATOM
HAS 4 ELECTRONS IN
ITS OUTER SHELL

CARBON’S REMAINING 2
_ELECTRONS ARE SHARED
WITH 2 HYDROGEN ATOMS
TO FORM 2 SINGLE BONDS

Covalent bonding in ethene

Triple covalent bonding

Nitrogen, Ny
EACH NITROGEN ATOM SHARES
EACH NITROGEN ATOM HAS 3 ELECTRONS TO FORM A
5 ELECTRONS IN ITS OUTER SHELL TRIPLE BOND. IN TOTAL, 6

ELECTRONS ARE NEEDED TO
FORM A TRIPLE BOND

+ : N=N

NITROGEN

Covalent bonding in nitrogen

Dative covalent bonding
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= |nsimple covalent bonds, the two atoms involved share electrons ,

= Some molecules have alone pair of electrons that can be donated to form a bond with Your notes
an electron-deficient atom

= Anelectron-deficient atomis an atom that has an unfilled outer orbital
= Soboth electrons are from the same atom
= Thistype of bondingis called dative covalent bonding or coordinate bonding
= Anexample with a dative bondisin anammoniumion

= Thehydrogenion, H*is electron-deficient and has space for two electronsinits
shell

= Thenitrogenatominammonia has alone pair of electrons which it can donate to the
hydrogenion to form a dative covalent bond

THE NITROGEN ATOM OF
AMMONIA HAS A LONE

° PAIR OF ELECTRONS AFTER
BONDING WITH 3 HYDROGEN
ATOMS

THE ARROW SHOWS
BOTH ELECTRONS
ARE FROM THE
SAME ATOMS

+/\[ THE LONE PAIR

CAN BE SHARED
WITH A PROTON
(H) TO FORM AN
AMMONIUM 10N

AMMONIUM
ION

THE HYDROGEN ION
REQUIRES 2 ELECTRONS
FOR A FULL OUTER SHELL

WHEN BONDED TO A 4"
HYDROGEN, NITROGEN NOW ¢
HAS A POSITIVE CHARGE

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

Aluminium chloride

= Aluminium chloride is also formed using dative covalent bonding
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= At high temperatures aluminium chloride can exist as a monomer (AICI3) ,

= The moleculeis electron-deficient and needs two electrons to complete the Your notes
aluminium atom’s outer shell

= Atlower temperatures the two molecules of AICIz join together to form a dimer (Al,Clg)

= The molecules combine because lone pairs of electrons on two of the chlorine
atoms form two coordinate bonds with the aluminium atoms

CHLORINE HAS 7 2 OF THE CHLORINE ATOMS
ELECTRONS IN ITS DONATES A LONE PAIR TO EACH _
OUTER SHELL. ALUMINIUM ATOM TO FORM

6 OF THOSE DATIVE COVALENT BONDS
ELECTRONS ARE

LONE PAIRS

OF
+ _

ALUMINIUM HAS Cl j
3 ELECTRONS IN |
ITS OUTER SHELL. Cl—Al<:Cl Al,Clg

CLUET ARE DONATED BY
THE CHLORINE ATOMS

IT REQUIRES 5 = | — | ALUMINIUM
MORE ELECTRONS ARROWS TO SHOW Cl:=>AlL—Cl CHLORIDE
TO COMPLETE ITS BOTH ELECTRONS |

Cl _]

AN ALUMINIUM CHLORIDE DIMER IS FORMED
USING 2 DATIVE COVALENT BONDS. THIS [—
IS MORE STABLE THAN ALCl;

Aluminium chloride is also formed with a dative covalent bond in which two of the chlorine
atoms donate their lone pairs to each of the aluminium atoms to form a dimer

-

Examiner Tips and Tricks

Covalent bonding takes place between nonmetal atoms.
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Remember: Use the Periodic Table to decide how many electrons are in the outer ,
shell of anonmetal atom.
Your notes
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Carbon Allotropes /

Your notes

Carbon Allotropes

Covalent bonding & giant covalent lattice structures

Allotropes of carbon are substances that only contain carbon atoms but due to the
differencesin bonding arrangements they are physically completely different

Giant covalent lattices have very high melting and boiling points

= These compounds have alarge number of covalent bonds linking the whole
structure

= Alotof energyisrequiredto break the lattice
The compounds can be hard or soft
= Graphiteis soft as the forces between the carbonlayers are weak

= Diamond andsilicon(lV) oxide are hard as it is difficult to break their 3D network of
strong covalent bonds

Most compounds are insoluble with water
Most compounds do not conduct electricity however some do

= Graphite has delocalised electrons between the carbon layers which can move
along the layers when avoltage is applied

= Diamond andsilicon(lV) oxide do not conduct electricity as all four outer electrons
onevery carbon atom are involved in a covalent bond so there are no freely moving
electrons available

Graphite

Each carbon atomin graphite is bonded to three others forming layers of hexagons,
leaving one free electron per carbon atom

These free electrons migrate along the layers and are free to move and carry charge,
hence graphite can conduct electricity

The covalent bonds within the layers are very strong

= But, the layers are held together by weak van der Waals' forces of attraction, which
are easily overcome

= Thisallows the layers to slide over each other, making graphite soft and slippery
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4

Your notes

GRAPHITE

EACH CARBON ATOM
FORMS 3 COVALENT
BONDS WITH 3

OTHER CARBON ATOMS L

WEAK
., INTERMOLECULAR _
FORCES OF

ATTRACTION

° UNPAIRED ELECTRON
08>

[/BECOMES DELOCALISED

S

%3

Diagram showing the structure and bonding arrangement in graphite

Diamond
= |Indiamond, each carbon atom bonds with four other carbons, forming a tetrahedron

= Allthe covalentbonds are identical, very strong and there are no intermolecular forces
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DIAMOND ,
Your notes
_ CARBON _
ATOMS

COVALENT BOND
(SHARED PAIR

OF ELECTRONS)
BETWEEN 2 CARBON
ATOMS

GIANT
COVALENT
STRUCTURE

EACH CARBON ‘ C
ATOM FORMS
_ FOUR COVALENT _

BONDS WITH

OTHER CARBON

C

/TN

C ¢ C
ATOMS ‘\é/|\

(NOT ALL BONDS
ARE SHOWN)

Diagram showing the structure and bonding arrangement in diamond

Graphene

= Graphene consists of a single layer of graphite whichis a sheet of carbon atoms
covalently bonded forming a continuous hexagonal layer

= |tisessentially a2D molecule sinceitis only one atom thick

= |thasvery unusual properties make it useful in fabricating composite materials and

in electronics
3 STRONG COVALENT+\
CARBON
BONDS PER ATOM /EATOM
1 LAYER
THICK

HEXAGONAL
SHEET

| GRAPHENE (CARBON) |

Graphene is a truly remarkable material that has some unexpected properties
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Electronegativity

Electronegativity & Bonding

= Electronegativity is the power of an atom to attract the pair of electronsin a covalent
bond towards itself

= Theelectrondistributionin a covalent bond between elements with different
electronegativities will be unsymmetrical

= This phenomenon arises from the ability of the positive nucleus to attract the negatively
charged electrons, in the outer shells, towards itself

= The Pauling scaleis used to assign a value of electronegativity foreach atom

FLUORINE IS THE MOST
ELECTRONEGATIVE ELEMENT

IN THE PERIODIC TABLE

2.1
1.0 1.5 2.0 2.5 3.0 3.5 4.0
0.9 1.2 1.5 1.8 2.1 2.5 3.0

First three rows of the periodic table showing electronegativity values

= Fluorineis the most electronegative atom on the Periodic Table, with a value of 4.0 on
the Pauling Scale

= |tisbestatattracting electrons towards itself when covalently bonded to anotheratom
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THE SHARED PAIR OF ELECTRONS /
IN THE C—-F BOND Your notes

|
H—C—=F:
it

H

FLUORINE IS MORE ELECTRONEGATIVE
THAN CARBON. SO BOTH ELECTRONS
ARE ATTRACTED TOWARDS THE FLUORINE

Electron distribution in the C-F bond of fluoromethane

lonic and covalent bonding
= Elementswith large differencesin electronegativity tend to formionic bonds
= Atoms of elements with similar electronegativity tend to form covalent bonds

= |ntermediate differencesin electronegativity between covalently bonded atomslead to
polarity inthe bond

= Asarule, anelectronegativity difference of 2 or more on the Pauling scale between
atoms leads to the formation of anionic bond

»  Adifference of lessthan 2 between atoms leads to covalent bond formation

Polar Bonds & Polar Molecules

= Whentwo atomsinacovalent bond have the same electronegativity the covalent bond
isnonpolar
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Your notes

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

= Thedifferencein electronegativities will dictate the type of bond thatis formed

= Whenthe electronegativities are very different (difference of more than1.7) thenions will
be formed and the bond will be ionic

= Whentwo atomsinacovalent bond have a differencein electronegativities of 0.3to 1.7
acovalent bondis formed and the bond will be polar

= The electrons willbe drawn towards the more electronegative atom
= Asaresult of this:

= Thenegative charge centre and positive charge centre do not coincide with each
other

= This means that the electron distribution is asymmetric
= Theless electronegative atom gets a partial charge of 6+ (delta positive)
= The more electronegative atom gets a partial charge of 6- (delta negative)

= The greater the difference in electronegativity the more polar the bond becomes

Cl has 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

= The dipole momentis a measure of how polar abondis

4 SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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= Thedirection of the dipole moment is shown by the following signin which the arrow ,
points to the partially negatively charged end of the dipole:
Your notes

| >

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

Assigning polarity to molecules

= To determine whether a molecule with more than two different atoms is polar, the
following things have to be takeninto consideration:

= The polarity of eachbond
= How the bonds are arrangedin the molecule

= Some molecules have polarbonds but are overall not polar because the polarbondsin
the molecule are arranged in such way that the individual dipole moments cancel each
other out

There are four polar covalent bonds in CH3zCl which do not cancel each other out causing
CH3Cl to be a polar molecule; the overall dipole is towards the electronegative chlorine
atom
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Your notes

NONPOLAR

Copyright © Save My Exams. All Rights Reserved

Though CCl, has four polar covalent bonds, the individual dipole moments cancel each
other out causing CCl, to be anonpolar molecule
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VSEPR Theory 4

Your notes

Shapes & Angles

= The valence shell electron pair repulsion theory (VSEPR) predicts the shape and bond
angles of molecules

= Electrons are negatively charged and will repel other electrons when close to each
other

= |Inamolecule, the bonding pairs of electrons will repel other electrons around
the central atom forcing the molecule to adopt a shape in which these repulsive
forces are minimised

= When determining the shape and bond angles of a molecule, the following VSEPR rules
should be considered:

Valence shell electrons are those electrons that are found in the outer shell

= Electron pairsrepel each other as they have the same charge
= |one pairelectronsrepel each other more than bonded pairs

= Repulsion between multiple and single bonds is treated the same as for repulsion
between single bonds

= Repulsionbetween pairs of double bonds are greater
= The most stable shapeis adopted to minimize the repulsion forces
= Different types of electron pairs have different repulsive forces

= |one pairs of electrons have a more concentrated electron charge cloud than
bonding pairs of electrons

= Thecloud charges are wider and closer to the central atom’s nucleus

= The order of repulsionis therefore: lone pair - lone pair > lone pair - bond pair > bond
pair - bond pair

GREATEST REPULSION
BETWEEN LONE PAIRS

INTERMEDIATE REPULSION

|
H-O-H ANGLE IS 104.5° 3—17&_>\

LEAST REPULSION
BETWEEN BONDING PAIRS

I
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Different types of electron pairs have different repulsive forces ,

Bondlength Your notes
= Thebondlengthisinternuclear distance of two covalently bonded atoms

= |tisthe distance from the nucleus of one atom to another atom which forms the
covalent bond

= The greater the forces of attraction between electrons and nuclei, the more the atoms
are pulled closer to each other

= Thisdecreases the bond length of a molecule and increases the strength of the
covalentbond

= Triple bonds are the shortest and strongest covalent bonds due to the large electron
density between the nuclei of the two atoms

= Thisincrease the forces of attraction between the electrons and nuclei of the atoms
= Asaresult of this, the atoms are pulled closer together causing a shorter bond length

= Theincreased forces of attraction also means that the covalent bond is stronger

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

Bond Angle

= Molecules canadapt the following shapes and bond angles:
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A AN Yournot
our notes

TRIGONAL NON-LINEAR
LINEAR PLANAR (BENT) PYRAMIDAL

X

X
‘ o0°
109.5° H; Xis IA\\\\\\X

A{uux 120° L’ « ‘ ~y

X X X

TRIGONAL
| TETRAHEDRM BIPYRAMIDAL OCTAHEDRAL

Molecules of different shapes can adapt with their corresponding bond angles
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Predicting Shapes & Angles 4

Your notes

Predicting Shapes & Angles
= Youwillneed to know and explain the shapes of the following molecules:

= BeClp

= BCl3

= CHy

» NH3

» NHg*

= H,O

= COy

= PCls(9)

= SFq

= CoHy

= |nordertowrite the correct shapes and structures of the molecules listed we need to
consider the number of valence electrons

BeCIz

= Berylliumisingroup 2, so has 2 valence electrons; Clisin group 17, so has 7 valence
electrons

= Bothelectrons are used to form covalent bonds with Cl and there are no lone pairs

= Accommodating less than 8 electronsin the outer shell means than the central atom
is ‘electron deficient’

= This gives alinear shape withbond angles of 180°
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CHLORINE ATOMS
WITH 7 OUTER
ELECTRONS

E—

TWO SINGLE COVALENT
BONDS ARE FORMED

o) )

BERYLLIUM CHLORIDE
MOLECULE

180°

CL—@— Cl

BERYLLIUM ATOMS
WITH 2 OUTER
ELECTRONS

EACH CHLORINE ATCM
NOW HAS 8 ELECTRONS
IN THE OUTER SHELL

BERYLLIUM IS
ELECTRON DEFICIENT
WITH 4 ELECTRONS

BCl;

= Boronisingroup 13, so has 3 valence electrons; Clisin group 17, so has 7 valence

electrons

= All3electrons are used to form covalent bonds with Cl and there are no lone pairs

= Accommodatinglessthan 8 electronsin the outer shell means than the central atom

is ‘electron deficient’

= This gives a trigonal planar shape with bond angles of 120°

CHLORINE ATOMS
WITH 7 ELECTRONS
IN THEIR OUTER SHELLS

BORON ONLY
HAS 3 VALENCE
ELECTRONS

CHs & NH3

1, SaveMyExams

© 2026 Save My Exams, Ltd.

BOND

A SHARED PAIR OF
ELECTRONS TO FORM
A SINGLE COVALENT

BORON
TRICHLORIDE
MOLECULE

Q@Q s

Cl =o Cl
X

Gl

BORON |S ELECTRON
DEFICIENT WITH 6
ELECTRONS

EACH CHLORINE ATOM
HAS 8 ELECTRONS IN
THE OUTER SHELL

4

Your notes
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= Carbonisingroup 14, so has 4 valence electrons; His in group 1, so has 1valence electron ,

= All4electrons are used to form covalent bonds with H Your notes
= This gives a tetrahedral arrangement with abond angle of 109.5°

= Nitrogenisingroup 15, so has 5 valence electrons

= Only 3 electrons are used to form covalent bonds withHand 2 are unbonded as alone
pair

= This gives a trigonal pyramid arrangement with abond angle of 107°

TETRAHEDRAL

CH, (109.5"

EQUAL

Q ‘ REPULSIONS
109.5°
| E— C Ny H
> HT )
H
FOUR BONDING PAIRS OF ELECTRONS

WHICH REPEL EACH OTHER EQUALLY

PYRAMIDAL

NH, (107"
LONE PAIR °
GREATER
REPULSION
 — Nhn H
/ .
H 107

H

LONE PAIR-BOND PAIR REPULSION IS
GREATER THAN BOND PAIR-BOND PAIR
REPULSICN PUSHING THE BONDING PAIRS

OF ELECTRONS CLOSER TOGETHER

3 BONDING |
PAIRS

NH,*

= Nitrogenisingroup 15, so has 5 valence electrons; His in group 1, so has Tvalence
electron

= Only 3 electrons are used to form covalent bonds with Hand 2 are used to form a dative
covalent bond

= This gives a tetrahedral arrangement

= Withabondangle of 109.5° (similar to CH,)
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THE NITROGEN ATOM OF ,

AMMONIA HAS A LONE THE ARROW SHOWS Your notes
° PAIR OF ELECTRONS AFTER BOTH ELECTRONS
BONDING WITH 3 HYDROGEN ARE FROM THE

ATOMS SAME ATOMS

+/\[ THE LONE PAIR
CAN BE SHARED
WITH A PROTON
(H) TO FORM AN
AMMONIUM 10N

AMMONIUM
ION

THE HYDROGEN ION
REQUIRES 2 ELECTRONS
FOR A FULL OUTER SHELL

WHEN BONDED TO A 4"
HYDROGEN, NITROGEN NOW ¢
HAS A POSITIVE CHARGE

The NH4* ion

Other examples

CO, (180"

THESE 4 ELECTRONS IN THE C=0 BOND
° REPEL EACH OTHER IN A SIMILAR WAY TO
TWO ELECTRONS IN A SINGLE BOND
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NON—-LINEAR /

o Your notes
H,O (104.5) GREATER
,104'5° O]\ REPULS‘ON

0
— H/ﬁo H

2 LONE PAIRS

GREATEST REPULSION IS BETWEEN THE TWO LONE
PAIRS, PUSHING THE BONDS CLOSER TOGETHER

2 BONDING |
PAIRS

OCTAHEDRAL

e\n ¥

Q0°
e FI;“ S ‘\\\\F
F™ | V¢

F
SIX BONDING PAIRS OF ELECTRONS AND NO LONE

"PAIRS. ALL BONDS EQUALLY REPEL EACH OTHER

PCls5(9)

= Phosphorusisingroup 15, so has 5 valence electrons; Clisin group 17, so has 7 valence
electrons

= All5electrons are used to form covalent bonds with Cland there are no lone pairs
= This gives a trigonal (or triangular) bipyramidal shape

= With bond angles of 120° and 90°

34 \Q oo S,
Q — CL—,-_‘P\\\3 120
|l éL\Cl
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Phosphorus pentachloride molecule ,

C2Ha Your notes

= Eachcarbonatomisingroup 14, so has 4 valence electrons, each hydrogen atomisin
group 1so has Tvalence electron

= This gives atotal of 12 electrons
= Thereare 4 C-Hbondswhichuse 8 electrons
= Thisleaves 4 electrons which areinvolvedinthe C=C

= Therefore the overall shape is trigonal planar as there are three regions of electron
density foreach carbonatom

EACH HYDROGEN ATOM
HAS 1 ELECTRON IN ITS
OUTERSHELL. 4 HYDROGEN
ATOMS ARE REQUIRED TO
MAKE ETHENE

EACH CARBON ATOM
SHARES 2 ELECTRONS
TO FORM A DOUBLE
BOND

+ —

(D0

EACH CARBON ATOM
HAS 4 ELECTRONS IN
ITS OUTER SHELL

CARBON’S REMAINING 2
_ELECTRONS ARE SHARED
WITH 2 HYDROGEN ATOMS
TO FORM 2 SINGLE BONDS

Ethene molecule
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