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YOURNOTES

IB Chemistry DP !
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14.1More Structures & Shapes

14.1.1 Covalent Bonds

SigmaBonds

Bond overlap in covalent bonds

¢ Asinglecovalent bond is formedwhen two nonmetals combine
e Eachatomthat combines has an atomic orbital containing a single unpaired electron
* When a covalentbondis formed, the atomic orbitals overlap to form a combined
orbital containing two electrons
o This new orbitalis called the molecular orbital

e The greater the atomic orbital overlap, the stronger the bond

¢ Sigma (o) bonds are formed from the head-on/ end-to-end overlap of atomic orbitals
¢ Theelectron density is concentrated between the two nuclei

e Sorbitals overlap this way as wellas p to p, and s with p orbitals

-0 — @

s ATOMIC ORBITALS MOLECULAR © ORBITAL IN A
HYDROGEN MOLECULE

Sigma orbitals can be formed from the end-on overlap of s orbitals

(O + (D =—= @& >

MOLECULAR & ORBITAL
IN HYDROGEN FLUORIDE

s+ p ATOMIC ORBITALS

Hydrogen fluoride has sigma bonds between s and p orbitals

Con O+ Cn D == (s =)

MOLECULAR & ORBITAL
IN FLUORIDE

p ATOMIC ORBITALS

Fluorine has sigma bonds between p orbitals

e Theelectrondensity inac bondis symmetrical about a line joining the nuclei of the atoms forming the
bond
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e Thepairof electrons is found between the nuclei of the two atoms YOURNOTES
e Theelectrostatic attraction between the electrons and nucleibonds the atoms to each 1
other
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PiBonds

mbonds
¢ Pi(m) bonds are formed from the sideways overlap of adjacent p orbitals
¢ Thetwolobes that make up the mbondlie above and below the plane of the c bond
¢ This maximises overlap of the p orbitals
e Asinglembondis drawn as two electron clouds one arising from each lobe of the p orbitals
¢ Thetwo clouds of electrons in a mbondrepresent one bond containing two electrons

p ATOMIC
ORBITAL

JT BOND

THIS IS AN ACCEPTABLE
WAY OF WRITING THE
MOLECULAR ORBITAL
FORMING THE IJT BOND

MOLECULAR
ORBITAL

p ATOMIC
ORBITAL

mmorbitals are formed by the end-on overlap of p orbitals

Examples of sigma & pibonds
Hydrogen

e Thehydrogen atom has only one s orbital
¢ Thes orbitals of the two hydrogen atoms will overlap to form a s bond

© 0 —

Direct overlap of the s orbitals of the hydrogen atoms results in the formation of a cbond

O BOND

Ethene

e Eachcarbonatomuses three of its four electrons to form s bonds
¢ Two o bonds are formed with the hydrogen atoms
¢ Onecbondis formedwith the othercarbon atom
¢ Thefourth electron from each carbon atom occupies a p orbital which
overlaps sideways with another p orbital on the other carbon atom to form a mbond
e Thismeans thatthe C-Cis adoublebond:onecsandonembond
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p ORBITALS

JT BOND

H. ' ' H H. H

120° c——C > c——C 120°
20 O™ /7 <>N

H H

BOND
p ORBITALS el

Overlap of the p orbitals results in the forming of a mbondin ethene

JT BOND

G BOND

KEY
X =HYDROGEN NUCLEI @® = CARBON NUCLEI

Each carbon atomin ethene forms two sigma bonds with hydrogen atoms and one cbond
with another carbon atom. The fourth electronis used to form a mbondbetween the two
carbonatoms

Ethyne

¢ This molecule contains a triple bond formed from two mbonds (atright angles to each
other) and one cbond

e Eachcarbonatomuses two of its four electrons to form s bonds
¢ Onecbondis formedwith the hydrogen atom
¢ Onecbondis formedwith the other carbon atom
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¢ Two electrons are used to form two mbonds with the other carbon atom YOURNOTES

1

S BOND| |G BOND ( _SECOND T
| BOND

Ethyne has a triple bond formed from two mbonds and one sbond between the two carbon
atoms
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Predicting the Type of Bonds YOURNOTES
!

¢ Whethersigma (o) or pi(11) bonds are formed can be predicted by consideration of the
combination of atomic orbitals

*> Worked Example

What type of molecular orbitals are foundin nitrogen, N,, and hydrogen cyanide,
HCN?

Answer

o]

Nitrogen contains a triple bond and a lone pair on each nitrogen atom

Nitrogen atoms have the electronic configuration 1s22s22p3

The triple bondis formed from the overlap of the s orbitals oneachNtoforma o
bond andthe overlap of two sets of p orbitals on the nitrogen atoms to form two
bonds

Thesembonds are atright angles to each other

o

o

o

p ORBITAL
AL

p ORBITAL

p ORBITAL

p ORBITAL

The triple bondis formed from two mbonds and one sbond

o

Hydrogen cyanide contains a triple bond

Onecbondis formedbetweentheH and C atom

Asecondcbondis formedbetweenthe CandN atom

Theremaining two sets of p orbitals of nitrogen and carbon will overlap to form two
bonds atrightangles to each other

o]

(e}

(e}
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/E.'JT BOND 1
1 JT BOND 2
<0
1 =
C> N - —

2

D %e
S @,
0

oJI BOND 1

o oo 1

Hydrogen cyanide has a triple bond formed from a cbond and the overlap of two sets of p
orbitals of nitrogen

i
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14.1.2 More Lewis Structures

Octet Rule Exceptions

Incomplete octets

¢ Wehave seen previously that forelements below atomic number 20 the octet rule states
thatthe atoms try to achieve 8 electrons in theirvalence shells, so they have the same
electron configuration as anoble gas
e However, there are some elements that are exceptions to the octetrule, suchaH, Li, Be, B
and Al
o Hcanachieve a stable arrangement by gaining an electron to become 1s2, 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 thevalence shell
o BandAlingroup 13 have 3valence electrons and can form stable compounds with
only 6 valence electrons

Table showing examples of incomplete octets

Total number of

Molecule valence electrons Lewis structure

BeCl, Be + 2CL =
2+(2x7)=16 ElaBsCl:

BF3 B+ 3F= FBF
3+(3x7)=24 :F:

Expansion of the octet

¢ Elementsin period 3and above have the possibility of having more than eight electronsin
theirvalence shell

¢ Thisis becausethereis a d-subshell present which can accommodate additional pairs of
electrons

e Thisis known as the expansion of the octet

e The concept explains why structures such as PCls and SF¢ exist, which have 10 and 12
bonding pairs of electrons respectively, around the centralatom
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More Lewis Structures

Five electron pairs
Phosphorus pentachloride, PCl;

¢ Anexample of a molecule with five bonding electron pairs is phosphorus pentachloride,
PCls

¢ Thetotalnumberofvalenceelectronsis=P+5CI=5+(5x7)=40

¢ Thenumberof bonding pairs is 5, which accounts for 10 electrons

¢ Theremaining 30 electrons would be 15 lone pairs, so that each Clhas 3lone pairs

The completed Lewis diagram looks like this:

Cl
CLiP:CL:
:Cl: :CL:

Lewis diagram for PCls
Sulfur tetrafluoride, SF,4

¢ Thetotalnumberofvalenceelectronsis=S+4F =6 +(4x7)=34

e Thenumber of bonding pairs is 4, which accounts for 8 electrons

e Theremaining 26 electrons would be 13 lone pairs

e Fluorine cannot expandthe octet so each fluorine wouldaccommodate 3lone pairs,
accounting for 24 electrons, leaving one lone pair on the sulfur(sulfurhas expanded the
octet)

e The completedLewis diagramlooks like this:

.

e
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Lewis diagram for SF4
Chlorine trifluoride, CIF3

¢ Thetotalnumberof valence electronsis =Cl+3F=7+(3x7) =28

e Thenumberof bonding pairs is 3, which accounts for 6 electrons

e Theremaining 22 electrons would be 11lone pairs

e Fluorine cannot expandthe octet so each fluorine would accommodate 3 lone pairs,
accounting for18 electrons, leaving two lone pairs on the chlorine

¢ The completed Lewis diagram looks like this:
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Lewis diagram for CIF3

Triiodideion, I3~

The totalnumber of valence electrons is = 3/ + the negative charge = (3x7) +1=22

The number of bonding pairs is 2, which accounts for 4 electrons

Theremaining 18 electrons would be 9 lone pairs

lodine wouldaccommodate 3lone pairs, accounting for 12 electrons, leaving three lone
pairs on the centraliodine

The completed Lewis diagram looks like this:

SEREE
Lewis diagram for I3~

Six electron pairs
Sulfur hexafluoride, SF¢

An example of a molecule with sixbonding electron pairs is sulfur hexafluoride, SF¢
Thetotalnumberof valence electronsis=S+6F =6 +(6x7) =48

The number of bonding pairs is 6, which accounts for12 electrons

Theremaining 36 electrons would be 18 lone pairs, so that each Fhas 3lone pairs,
accounting forall electrons and no lone pairs

The completed Lewis diagram looks like this:

.

F L E

sy o

E - F!
Lewis diagram for SF¢

Bromine pentafluoride, BrFs

The totalnumberof valence electronsis =Br+5F =7 +(5x7) =42

The number of bonding pairs is 5, which accounts for10 electrons

Theremaining 32 electrons would be 16 lone pairs

Fluorine cannot expandthe octet so each fluorine would accommodate 3 lone pairs,
accounting for 30 electrons, leaving onelone pairs on the bromine

The completed Lewis diagram looks like this:

“e .
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Lewis diagram for BrFs YOURNOTES

Xenon tetrafluoride, XeF, l

e Thetotalnumberofvalenceelectronsis=Xe+4F=8+(4x7) =36

¢ Thenumber of bonding pairs is 4, which accounts for 8 electrons

¢ Theremaining 28 electrons would be 14 lone pairs

¢ Each fluorine would accommodate 3lone pairs, accounting for 24 electrons, leaving two
lone pairs on the xenon

The completed Lewis diagram looks like this:

Lewis diagram for XeF,4
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14.1.3 Further VSEPR Theory

Further VSEPR Theory
Revisiting Valence Shell Electron Pair Repulsion Theory (VSEPR)

¢ When an atom forms a covalent bond 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

¢ Inorderto minimise 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

¢ VSEPRtheory consists of three basic rules:

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

2.Lone pairs repel more strongly than bonding pairs

3. Multiple bonds behavelike single bonds

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

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

Molecular geometry versus domain geometry

e ltisimportant to distinguish between molecular geometry and domain geometry in exam
questions
o Moleculargeometry refers to the shape of the molecules based on therelative
orientation of the atoms
o Domain geometry refers to the relative orientation of all the bonding and lone pairs of
electrons

¢ Thelewis structure forwaterenables us to see that there are four electron pairs around the
oxygen so the domain geometry is tetrahedral

e However, the moleculargeometry shows us there are two angled bonds so the shapeis
bent, angular, bentlinearorV-shaped (when viewed upside down)
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Q0
HSO¢
oe
H
LEWIS STRUCTURE

O

""{:_,_7\
~104.5°

H H

MOLECULAR SHAPE

Diagram showing the Lewis structure of water and molecular shape from which the domain
and molecular geometries may be determined

Five electron domains

Table showing the four molecular geometries associated with five electron domains

Domain Bonding Lone Molecular
geometry pairs pairs geometry Shape example
Trigonal 5 0 Trigonal cl
bipyramid bipyramid CL.90 ] 180°
12@*&
Cl clL
Trigonal 4 A See saw E
bipyramid F 17°
C;)S F
20
F
Trigonal 3 2, T—shape F
bipyramid ij“
X
X Cl=F
Y
F
Trigonal 2 3 Linear T
bipyramid |
&1
=
I
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*Trigonal ortriangularmay be used

¢ Noticethat PClgis a symmetricalmolecule so the electron cloud chargeis evenly spread

e This means thatit willbe a non-polarmolecule as any dipoles from the P-Clbonds would be
cancelled out

e SF,4, CIFzareasymmetrical molecules having one ortwo lone pairs on one side of the
central axis making the overall molecule polar

Six electron domains

Table showing the three molecular geometries associated with six electron domains

Domadin Bonding Lone Molecular
geometry pairs pairs geometry Shape example
Octahedral 6 0 Octahedral F
Fo1 .F
e
PR
o |
F
Octahedral 5 d Square based F
pyramid F | F
“Brl
7 EN
F F
Octahedral 4 2 Square planar
F.@.F
v ée)\
+ +
F F

e SFyis asymmetrical molecule so the electron cloud chargeis evenly spread with 90°
between the bonds
¢ This means thatit willbe a non-polarmolecule as any dipoles from the S-F bonds would be
cancelled out
e XeF,isalsonon-polardespite having twolone pairs.
o Thebonding pairs are at 90°to the plane and the lone pairs are at 180°
o Thelone pairs are arranged above and below the square planeresultingin an even
distribution of electron cloud charge

¢ BrFgis asymmetricalhaving alone pairat the base of the pyramid making the overall
molecule polar
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YOURNOTES

*> Worked Example !

Whatis the domain geometry, molecular geometry and F-Xe-F bond angle of
xenon difluoride, XeF,?

Answer

o Countthevalenceelectrons=Xe+2F=8+(2x7)=22

o There aretwo bonding pairs, accounting for 4 electrons, so 18 electrons remain

o Each fluorine should have 3lone pairs, accounting for 6 pairs or12 electrons, which
leaves 3 lone pairs on the xenon

o Xenon therefore has 2 bonding pairs and 3 lone pairs making its domain geometry
trigonal pyramid and its molecular geometry linear

o Thebondangle willbe180°(having the same structure as the triiodide ion)
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14.1.4 Formal Charge

Formal Charge

Alimitation of the model of covalent bondingis that when drawing Lewis structures for
molecules, itis sometimes possible to come up with more than one structure while still
obeyingthe octet rule

This leads to the problem of deciding which structure is appropriate andis consistent with
otherinformation such as spectroscopic data on bondlengths and electron density

One approach to determining which is the preferred structure is to determine the formal
charge (FC) of allthe atoms presentin the molecule

Itis a kind of electronic book keepinginvolving the bonding, non-bondingandvalence
electrons

Formal chargeis described as the charge assignedto an atomin a molecule, assuming that
allthe electrons in the bonds are shared equally between atoms, regardless of differences
in electronegativity

The formula for calculating FC is

FC= (number of valence electrons) - 2(number of bonding electrons) - (number of non-

bonding electrons)
or
FC=V-"2B-N

The Lewis structure which is preferredis the one which:
o thedifferencein FC of the atoms s closest to zero
o hasnegative chargeslocated on the most electronegative atoms

The process of drawing a Lewis structure has been covered previously, but hereis a
reminder of how to draw the Lewis structure of tetrachloromethane, CCly,
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TOTAL NUMBER OF VALENCE YOURNOTES
ELECTRONS = C 4+ 4CL =4 + (4 x7) = 32 l
ﬂ‘ Cl
DRAW THE SKELETAL POSITIONS GIWc cl
ﬂ Cl
Cl
ADD THE BONDING PAIRS ClL: C :Cl
o 4 BONDING PAIRS
1 Cl MEANS 32-8 = 24
ADD 24 LONE PAIR ELECTRONS ELECTRONS LEFT
u -ClL:
COMPLETED LEWIS STRUCTURE Gl o oSl
Gl o LONE PAIRS

Stepsindrawing the Lewis structure for CCly

o Toworkourthe formalcharge of the C and Clatoms in the structure simply apply the FC
formula:

FC forcarbon=(4)-%(8)-0=0
FC forchlorine=(7)-%(2)-6=0

¢ Noticethatformalchargeis calculated forone of each type of atom and does not count
the totalnumber of atoms in the molecule

*> Worked Example

Whatis the formal charge onboronin the BH4 ion?

Answer

o Boronisagroup13element, sohas 3valence electrons. Hydrogen has onevalence
electron andthe charge ontheionis -1, so there are 8 electrons in the diagram. The
Lewis structureis therefore:

Page 18 of 32

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



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

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

= /(. YOURNOTES
H i

H

Lewis structure of BH4~

o Thenumberof bonded electrons is 8 and the number of non-bonded electrons is zero.
SotheformalchargeonBis:

FC(B)=(3)-"2(8)-0=-1
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Applying Formal Charge YOURNOTES
¢ |tis possible to draw threeresonance structures for sulfur dioxide, SO5: {
G=8=F «— F—5=0 < §=3—0
S © &

The three resonance structures of sulfur dioxide

e Thefirststructureis anillustration of the expansion of the octet as the sulfurhas 10
electrons aroundit

e Formalcharge canbeusedto decide which of the Lewis structures is preferred

e TheFConthefirststructureis as follows:

FC onsulfur=(6) -2(8) -(2) =0
FC onoxygen=(6)-"2(4)-(4)=0
Differencein FC =AFC =FCax- FCmin=0
¢ The FC onthesecond (andthird) structuresis as follows:
FC onsulfur=(6) - V2(6) -(2) = +1
FC onleft side oxygen =(6) - /2(2) -(6) = -1
FC onright side oxygen =(6) - 2(4) -(4) =0

Differencein FC =AFC =FCax-FCmin=2

*> Worked Example
Whatis the formal charge on the two resonance structures shown?

:0=Cc=0Q: <«<—> :0=Cc—0{:
® e
1] (]

Resonance structures of carbon dioxide

Deducewhichis the preferred structure.

Answer
Structurel
FConcarbon=(4)-"2(8)-(0)=0
FC onoxygen=(6)-"(4)-(4)=0
Differencein FC =AFC =FCax- FCmin=0
Structurell
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FConcarbon =(4)-"2(8)-(0)=0 YOURNOTES
FC on left oxygen = (6) - Va(6) ~(2) = +1 !

FC onright oxygen =(6) - V2(2) -(6) = -1

Differencein FC =AFC =FCpax- FCrin=2

Structurelis the preferred structure as the differenceis zero
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14.2 Further Aspects of Bonding

14.2.1 Delocalisation & Resonance

Delocalisation & Resonance

¢ Thedelocalisation of electrons can explain the structures of some species that don’t seem
to fit with a Lewis structure

¢ Delocalised electrons are electrons in a molecule, ion or solid metal that are not associated
with a single atom orone covalentbond

e ThelLewis diagram for the carbonateion gives a molecule with a double and two single
bonds

e Therearethree possible Lewis structures

THE NEGATIVE CHARGE IS
DISTRIBUTED THROUGHOUT THE ION

B .. —2- [ . —2- B .e —2-
:0 :0O: :0:
Pl = ol = [ o8
— —
/S NE Y X V<= 72N
10t 1O (S\ :Q‘ﬁ ”79: Job

ELECTRON PAIRS RAPIDLY OSCILLATE
BETWEEN DIFFERENT POSITIONS

The threeresonance structures for the carbonateion

¢ Thesestructures are calledresonance structures
* However, studies of the electron density andbondlength in the carbonateion 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 theresonance structures andis known
as aresonance hybrid

2—

NOTICE THAT LONE PAIRS
OF ELECTRONS ARE NOT
SHOWN WHEN DRAWING
THE HYBRID STRUCTURE

THE DOTTED LINES I:
SIGNIFY DELOCALISED C
ELECTRON PAIRS / N

Resonance hybrid for the carbonateion

¢ Dottedlines areusedto show the position of the delocalised electrons
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¢ The criteria forforming resonance hybrids structures is that molecules must have a double
bond (pibond) thatis capable of migrating from one part of a molecule to another

¢ 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

Conjugation & Bond Order
e Structures which have alternative single and double bonds are known as conjugated
systems
¢ Electrons migrate between p-orbitals via adjacent sigma bonds
e Theresultis asort of fractionalbond, neithera single nora double, so to accommodate this
situation chemists use the concept of bond order:

bond order = total number of bonding pairs = total number of positions
e Forexample,inthe case of the carbonateion:

bond orderin CO3z2~ =total number of COz2~bonding pairs + total number of positions =4 + 3 =
1.33

e Evidence forbond orders comes from measurements of bondlengths
o Asingle C-Obondis143pmandadouble C=0is 122 pm
o The C-Obondsinthe carbonateion are allidenticaland 129 pmin length whichiis part
way between a single and double

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

Resonance hybrids table

Species Lewis resonance structures Resonance hybrid
e - e — 2-
Carbonate 56 Ho H HOH O
s i S I
T /C\f\ 7 (é/c\\"w g WC\ ..7C§..
Her Hof 50: :0: 0: :0: o 0
Benzene,
CeHe =
Ozone, o@ L 4“/6 0
£\
03 (S\:/ \p —— '/ \:@ or \,O
Carboxylate o O: 0
ion, RCOO™ R ég/'. - — R—C(;/ R—C{‘_
\\8/ ar = \\O
:0:
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14.2.2 Ozone Revisited YOURlNOTES

Ozone Revisited

¢ Wehave seen previously that ozone is a molecule with two resonance structures leading to
aresonance hybrid

The two Lewis resonance structures for ozone

e Thecentraloxygen atom has three electron domains and a lone pair, so the domain
geometryis triangular planarand the molecular geometry is bentlinear

e Thepresence of thelone pairrepels the bonding pairs more strongly so thebond angleis
reducedto117°

e P 3N .
.O./ o 'Oc. "O
< M7 i
The molecular structure of ozone
¢ Thebondorderforeachbondinozoneis
bond orderin Oz = totalnumber of Oz bonding pairs + total number of positions=3+2=1.5

» This gives a polarmolecule with bonds that are weaker than the double bondin oxygen
molecules

TRNT £\
0=0: O O
OXYGEN OZONE

The structure of oxygen and ozone

¢ Youwould expect O-O bonds to be non-polaras the atoms have the same
electronegativity; this is correct, but overall the moleculeis polardue to the uneven
distribution of electron cloud charge

e Theformal charge on the Lewis structures show that the electrons are unevenly distributed

FC= (number of valence electrons) - 2(humber of bonding electrons) - (number of non-
bonding electrons)

FC (oxygenA) =(6) - V2(2) - (6) = -1
FC (oxygenB) =(6) - 2(6) - (2) = +1
FC (oxygenC) =(6) -"2(4)-(4)=0
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B B
C-/JA\'.A A-/S\-C
o.o.- Oy -1 O Oo

Formal charges on the oxygens in ozone
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Catalytic Depletion YOURNOTES

e Thebondingand structure of ozoneis key to understanding how the catalytic depletion of {
ozoneoccursinthe stratosphere

e Highenergy UVradiationin the stratosphere breaks the oxygen-oxygen double bond
creating oxygen atoms

05(9)>0-(g)+0O-(g)AH +ve, UVlight,A <242 nm

¢ These oxygen atoms have unpaired electrons- they are known as free radicals
e Thefreeradicals are highly reactive and quickly attack oxygen molecules forming ozonein
an exothermic reaction, which raises the temperature of the stratosphere

OZONEFORMATION  O- (g) + O,(g) > O3 (g) AH - ve

¢ Ozonerequires less energy to break than oxygen
e [tproduces an oxygen molecule and an oxygen free radical:

OZONEDEPLETION  O3(g) > O- (g) + O, (g) AH +ve, UV light, A< 330 nm

e Theradicalreacts with another ozone molecule making two molecules of oxygeninan
exothermicreaction

OZONEDEPLETION  O3(g)+O- (g)>20,(g) AH - ve

e Thetemperaturein the stratosphereis maintained by the balance of ozone formation and
ozone depletionin a process known as the Chapman Cycle

e Itisnotaclosedsystemas matterandenergy flowin and out, butitis whatis called a
steady state

UV LIGHT
242 nm

UV LIGHT
330 nm

8
&
5 )

_______________________________

UV CONVERTS TO THERMAL
STRATOSPHERE ENERGY WHICH WARMS THE
ATMOSPHERE

The Chapmancycle

Catalytic Depletion
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The two main man made culprits that accelerate the depletion of ozone are nitrogen
oxides and CFCs

Nitrogen monoxide, NO, is produced from the high temperatures inside internal
combustion engines

If you count the valence electrons in nitrogen monoxide (5 + 6 =11), the odd number tells you
itis afreeradical as it has an unpaired electron

The nitrogen monoxide reacts with ozone forming oxygen and a nitrogen dioxide radical

NO- (g)+03(9) >NO,- (9) + O, (9)
The nitrogen dioxide producedis also a freeradical (ithas 5 + 6 + 6=17 electrons)
NO;- (9)+0O-(9)>NO- (g) + O2(9)

The nitrogen monoxide is regenerated soit has a catalytic role in the process
Combining the two equations and cancellingoutthe NO- andNO,- andyou arrive at the
overall depletion of ozone

03(9)+0-(9)>20,(9)

Asimilarprocess happens with CFCs
The C-Clbondinthe CFCsis weaker than the C-F bond and breaks more easily in the
presence of UV light creating chlorine radicals

CClyF5(9)+UV > CCIF,- (9) +Cl- (9)
The chlorineradicals attack ozone and areregenerated at the end of the cycle
Cl-(9)+03(9) > CIO- (9) + O2(9)
ClO-(9)+0-(9)>Cl- (9)+O2(9)

Once again a molecule of ozone has been destroyed by a catalytic free radical

The net effect of thesereactions is that these pollutants have created animbalancein the
natural ozone cycle leading to an overall depletionin stratospheric ozone

CFCs are greatly damaging to stratospheric ozone and have been largely replaced by safer
alternatives following the 1985 Montreal Protocol

The depletion of ozone has allowed greateramounts of harmful UV light toreach the
surface of the Earth

UVlighthas been linked to greaterincidence of skin cancerand cataracts as well as the
destruction of phytoplankton and reduced plant growth
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14.2.3 Hybrid Orbitals

Hybrid Orbitals

Hybridisation
« The groundstate of the electronsin a carbon atomis 1s22s22p?
e This canberepresentedusinga spin diagram as shown:

2p |1 |1
2s |1,

1s [1

Orbital spin diagram for carbonin the ground state

e This electronic structure would imply that carbon forms two covalent bonds using the
unpaired 2p electrons

e Sincethe 2s electrons are paired there would be no reason forthem to beinvolvedin
bonding

¢ Howeverstudies of carbon compounds show that carbon typically forms four covalent
bonds that are allequalin energy

e This puzzle has been explained using the theory of bond hybridisation

e Ahalf fullp-subshellhas a slightly lower energy than a partially filled one. The differencein
energy between the 2s and 2p subshells is small, so an electron can fairly easily be
promoted from the 2s to the 2p giving the new arrangement:

2p (SR

2s |1
1s ’N,

Orbital spin diagram for carbonin the excited state

 The2sand?2p subshells blend together and form four new hybrid orbitals (called sp®
orbitals, after the merger of an s and 3 p orbitals)
¢ This would give fourunpaired electrons of equal energy, capable of forming four covalent

4xsp? 11T 1
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Orbital spin diagram for carbon showing sp® hybrid orbitals

The theory of Quantum mechanics shows that the shape of a 1s orbital is sphericaland ap
orbitalis dumbbell or figure-of-eight shaped
There are three p orbitals all atright angles to each other, known as py, py and p,

z z z

i

s P P, P

The shape of s and p orbitals

sp? hybridisation

O“x\:D (% H—(lz-uuH
5, oo A

Fourhybrid orbitals are produced when the 2s and three 2p orbitals blend together

These hybrids have Vs s characterand ¥ p characterso they have a club shape reminiscent
of an enlarged p orbital

The four sp hybrid orbitals space themselves out at 109.5° forming a tetrahedron

This is the resolution of the structure seen when carbon forms single bonds, such as would
be foundin methane

H sp3

Px» Pys Pz H
sp® HYBRIDISED

4 xsp? hybrid orbitals

The sp? orbitals merge with the s orbitals in hydrogen forming four equal sigma bonds
Itis notjustbonding pairs of electrons that are accommodated in hybrid orbitals - lone
pairs can also be present

The domain geometry of ammonia is tetrahedral due to sp? hybrid orbitals where three
bonding pairs and one lone pairare found

sp2hybridisation

Three hybrid orbitals are produced when the 2s and two 2p orbitals blend together
These hybrids have s s characterand?s p character

The three sp? hybrid orbitals space themselves out at 120° forming a trigonal planar
geometry
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¢ Thisis theresolution of the structure seen when carbon forms two single bonds and a
double bond withitself in alkenes

H 2
P

O
|
9

oce] —
] sp? HYBRIDISED

3xsp? hybrid orbitals

« Inthe case of carbon, the sp2orbitals merge with the s orbitals in hydrogen and the sp?of
an adjacent carbon, forming three equal sigma bonds

e Thedouble bondis created by the side-to-side overlap of the unhybridised p-orbitals

¢ This bondingarrangement can also occurbetween a double bonded carbon and oxygen
sois typically seenin the carbonyl group

sp hybridisation
e Two hybrid orbitals are produced when the 2s and one 2p orbital blend together
e Thesehybrids havez s characterand'z p character
¢ Thetwo sp hybrid orbitals space themselves out at 180° forming linear geometry
e Thisis theresolution of the structure seen when carbon forms one single bonds and a triple
bondwithitselfin alkynes

sp
Qe — @@ Hc=c
E] sp HYBRIDISED

2 xsp hybrid orbitals

¢ Inthecaseof carbon, the sp orbital merges with the s orbitalin hydrogen and the spofan
adjacent carbon, forming two equal sigma bonds

e Thetriple bondis created by the side-to-side overlap of two pairs of the unhybridised p-
orbitals, setatright angles to each other
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Identifying Hybridisation

e You can predict the hybridisation presentin molecules based on Lewis structures, electron
domains, molecular geometries by applying the principles outlines in the previous section

*> Worked Example

Identify the domain geometry, molecular geometry and hybridisationin the
underlined atomina) CHzCOCH3 b)PHz  c)NO,

Answer

a) CH3COCH;

O—=I
ﬂ:(.j.
O—>=I

| |
H H

The Lewis structure shows that there are three electron domains around the central carbon,

so the domain geometry is trigonal planar. There are two single bonds and one double
bond, so the molecular geometry is also trigonal planar, and the carbon must have sp?
hybridisation.

b) PH3

H—P—H

H

The Lewis structure shows that there are four electron domains around the phosphorus, so
the domain geometry is tetrahedral. There are three single single bonds and a lone pair, so
the moleculargeometry is trigonal pyramid. Four domains means the phosphorus must
have sp? hybridisation.

c)NO;

:0 —N=0:

The Lewis structure shows that there are three electron domains around the nitrogen, so
the domain geometry is trigonal planar. There is one single bonds and one double bond, so
the molecular geometry is bent linear, and the nitrogen must have sp? hybridisation
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YOURNOTES
i

You may be wondering why the unpaired electron lies on the nitrogen ratherthan on
aoxygenin the Lewis structure forNO,. This is easily demonstrated by considering
the formal charges and electronegativity. The preferred Lewis structure has negative
charges located on the most electronegative atoms.

FC(N)=V-"2B-N=(5)-"2(6)-1=+1
FC (single bonded O) = (6) - V2(2) - 6 = -1
FC (double bonded O) =(6) - /2(4) -4 =0

Oxygen and nitrogen have electronegativity of 3.4 and 3.0, respectively (Table 8 in
the Data booklet), so placing the electron on the nitrogen means ithas a positive FC
instead of the oxygen.
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