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10.1.1Homologous Series

Homologous Series

= Organic chemistry is the chemistryof carboncompounds

= Carbonforms avast numberofcompounds becauseitcanformstrongcovalentbonds with
itself

= This enablesitto formlongchains of carbonatoms,and hence analmostinfinite varietyof carbon
compounds are known

= Thetendencyofidenticalatoms to formcovalentbonds witheachotherand hence formchains
is known as catenation

Catenation in carbon allows an almost infinite variety of chains, branches andrings

= Carbonalways forms fourcovalentbonds whichcanbe single,double ortriple bonds

= Afunctionalgroup is aspecificatomorgroup of atoms which confercertain physicaland
chemical properties onto the molecule

= Organic molecules are classified bythe dominant functionalgroup onthe molecule

= Organic compounds with the same functional group, but adifferent numberof carbonatoms, are
said to belongto the same homologous series
= Everytime acarbonatomis added to the chain,two hydrogenatoms are also added

Homologous Series of Alkanes Table
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= Things we cansayabout ahomologous series:
= eachmemberhas the same functionalgroup
= eachmemberhas the same generalformula
= eachmemberhas similarchemical properties
= eachmemberdiffers by -CHj -
= members have gradually changing physical properties, forexample, boiling point, melting
pointand density

= Asahomologous seriesisascended, the size of the moleculeincreases
= This has aneffectonthe physical properties,such as boilingpointand density
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10.1.2Understanding Organic Molecules

Representing Formulae

= Organic compounds canberepresentedinanumberofways:
= Empirical Formulae
= Molecular Formulae
= Structural Formulae
= Condensed StructuralFormulae

= The empirical formulashows the simplest possible ratio of the atomsinamolecule
= Forexample:
= Hydrogenperoxideis HoO, but the empirical formulais HO

= The molecular formulashows the actualnumber of atomsinamolecule
= Forexample:

The molecularformulae of butane and butene

= The structuralformulashows the spatial arrangement of allthe atoms and bonds inamolecule
= Thisis also knownas the displayed formula orgraphical formula.
= Forexample:
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The structural formula of 2-methylbutane

= |nacondensed structuralformulae enoughinformationis shownto make the structure clear,
butmostof the actual covalentbonds are omitted

= Onlyimportantbonds are always shown, such as double and triple bonds

= |dentical groups canbe bracketed together

= Side groups are also shownusing brackets

= Straight chainalkanes are shownas follows:

Representing condensed structural formulae of straight chains

= Branched alkanes are shownas follows:
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Representing condensed structural formulae of branched alkanes

= Alkenes are shownas follows:

Representing condensed structural formulae of alkenes
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Isomers

= Structuralisomers are compounds that have the same molecular formula but different
structural formulae
= Eg.propene and cyclopropane

Both propene and cyclopropane are made up of 3 carbon and 6 hydrogen atoms but the structure of the
two molecules differs

= There are three different types of structuralisomerism:
= Branch-Chainisomerism
= Positionalisomerism
= Functional groupisomerism

Branch-Chainisomerism

= Branch-Chainisomerismis whencompounds have the same molecularformula, but theirlongest
hydrocarbonchainis notthe same
= Thisis caused bybranching
= Eg.pentane and 2,2-dimethylpropane
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Both compounds are made up of the same atoms however the longest carbon chain in pentaneis 5andin
2,2-dimethylpropaneitis 3 (with two methyl branches)

Positionalisomerism

= Positionalisomers arise fromdifferences inthe positionofafunctional groupineachisomer
= The functional groupcanbe located ondifferent carbons
= Forexample, butan-1-oland butan-2-ol
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Both compounds have an alcohol group and are made up of 4 carbon, 10 hydrogen and one oxygen atom
howeverin butan-T1-ol the functional group is located on the first carbon and in butan-2-ol on the second
carbon

Functional groupisomerism

= Whendifferent functional groups resultinthe same molecularformula, functionalgroup isomers
arise
= Theisomers have verydifferent chemical properties as they have different functional groups
= Forexample,butanoland ethoxyethane

Both compounds have the same molecular formula howeverbutan-1-ol contains an alcohol functional
group and ethoxyethane an ether functional group

= Youshould be able to deduce allpossible isomers fororganic compounds knowing their
molecularformula

@ Worked example

How manyisomers are there of, C3H¢Bry ?

Answer:

Step 1: Draw the structural formula of the compound
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Step 2:Determine whetherthereis functional group, branch-chain orpositionalisomerism

= Functional group? No, as Bris the onlyfunctional group possible
= Branch-chain? No, as thelongestchaincanonlybe 3
= Positional? Yes, as the two bromine atoms canbe bonded to different carbonatoms

Page 9 of 40
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

@ Worked example

How manyisomers are there of the compound withmolecularformula C4Hg ?

Answer:

Step 1: Draw the structural formula of the compound

Step 2:Determine whetheritis afunctional group, chain orpositionalisomerism

= Functionalgroup? No, as there are no functional groups
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= Positional? No, as there are no functional groups which canbe positioned ondifferent
carbonatoms
= Chain? yes!

O Exam Tip

Don'tbe fooled bymolecules bybending and turning through 90 degrees -that does not make
themisomers.The besttestis to tryand name them -isomers will have a different name.
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Saturated & Unsaturated
Saturated &unsaturated hydrocarbons

= Saturated hydrocarbons are hydrocarbons which containsingle bonds onlyresultingin the
maximum numberof hydrogenatoms inthe molecule

= Unsaturated hydrocarbons are hydrocarbons which containcarbon-carbondouble ortriple
bonds

The diagram shows saturated hydrocarbons which contain single bonds only and unsaturated
hydrocarbons which contain double/triple bonds as well
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10.1.3Nomenclature

Nomenclature

= Systematic nomenclature canbe used to name organic compounds and therefore make it
easiertoreferto them

= The alkanes provide the basis of the naming system and the stemof eachname indicates how
many carbonatoms are inthe longest chaininone molecule of the compound

Nomenclature of Organic Compounds Table
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O ExamTip

Although the table shows upto 10 carbons forreference,inyourIB Chemistryexamyouare only
required to name molecules withup to 6 carbons
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Chains & Branches

= |fthere are anyside-chains orfunctional groups present,thenthe positionofthese groups are
indicated by numberingthe carbonatoms inthe longest chainstarting at the end that gives the

lowest possible numbers inthe name
= The hydrocarbonside-chainis showninbrackets inthe structural formula

CH3CH(CH3)CH,CHs

= Theside-chainis named byadding ‘-yl’to the normal alkane stem
= This type of groupis called analkylgroup

Naming Side Chains

= |fthere are more thanone of the same alkyl side-chain orfunctional groups, di- (fortwo), tri- (for
three) ortetra-(forfour)isadded infrontofits name

= The adjacentnumbers have acommabetweenthem

= Numbers are separated fromwords bya hyphen
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Naming Multiple Side Chains

= [fthereis more thanone type of alkyl side-chain, theyare listed in alphabetic order

Naming Side Chains in Alphabetical Order

O ExamTip

Analiphatic compound is straight orbranched-chainand also includes cyclic organic
compounds thatdo notcontainabenzene ring
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10.1.4 Organic Families - Hydrocarbons

Alkanes

= Hydrocarbons are compounds containinghydrogenand carbononly

= There are fourfamilies of hydrocarbons youshould know: alkanes, alkenes, alkynes and arenes

= Alkanes have the generalmolecularformula ChHan.2. Theycontainonly single bonds and are said
to be saturated

= Alkanes are named using the nomenclature rule alk + ane

= The alkdepends onthe numberof carbons as outlined inthe previous Section10.1.2
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The first six members of the alkane family
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Alkenes

= Alkenes have the generalmolecularformula C,Hzn

= Theyare said to be unsaturated

= Alkenes are named using the nomenclature rule alk + ene

= Inmolecules withastraight chainof4 ormore carbonatoms,the positionofthe C=C double
bond must be specified

= The carbonatoms onthe straight chainmust be numbered, startingwith the end closestto the
double bond

= Thelowest-numbered carbonatom participatinginthe double bond is indicated just before the
-ene:

Molecular
Structural Formula Formula
H H ethene C2H4
N /
7 C= C\
H H
H H propene C,H,
\ |
ST
H
H H H but-1-ene C4HB
N |
C=C—C—C—H
A
H H
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H H H H Pen'l’.—’1—ene CSH40
. Lol
C=C—C—C—C—H
TN
H H H
H H H H H hex—1—-ene CeH oz
N T
AT
H H H H H H

The first five members of the alkene family

= Thereis adistinctionto be made betweenthe name of the functionalgroup and the name of the
family
= The name of the familyis alkene, but the name of the functional groupis alkenyl
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Alkynes

= Alkynes have the generalmolecularformula ChHan-2

= The triple bond makes themunsaturated molecules

= Alkynes are named using the nomenclature rule alk + yne

= Aswithalkenes,inmolecules with astraight chainof 4 ormore carbonatoms, the positionof the
triple bond must be specified

= The carbonatoms onthe straight chainmust be numbered, startingwith the end closestto the
triple bond

= Thelowest-numbered carbonatom participatinginthe triple bond is indicated justbefore the -
yne:
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The first five members of the alkyne family

= The name of the functional groupis alkynyl
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Arenes

= Areneis the collective name givento compounds withone ormore rings with pielectrons that
are delocalised throughout the ring(s)
= Compounds withthis feature are said to be aromatic

= Thisdoesn't meantheyare necessarilysmelly,althoughalotof naturallyoccurringarenes do have
distinctive smells!

Arenes are present in many everyday chemicals and pharmaceuticals

= Benzene, C4Hg, is the onlyaromatic hydrocarbonthatis coveredinIB Chemistryand is dealt with
inSection10.1.12

= The functionalgroupinbenzeneis knownas aphenylgroup whenattached to othermolecules
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10.1.5 Organic Families - Halogenoalkanes

Halogenoalkanes

= Halogenoalkanes orHaloalkanes have the general molecularformula, ChH2n4+1X, where X
represents ahalogen

= Haloalkanes are named using the prefixchloro-,bromo-oriodo-, with the ending -ane

= Inmolecules withastraight chainof three ormore carbonatoms, the positionofthe halogen
atommust also be specified

= The carbonatoms onthe straight chainmust be numbered, startingwith the end closestto the

halogenatom
= The numberofthe carbonatomattached to the halogenisindicated before the prefix:

Haloalkanes Examples Table
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The positionofallhalogens indihaloalkanes exceptthose withone carbonatommustbe
specified.

If there is more than one of the same type of halogenatomonthe molecule, the di(two), tri(three)
ortetra(four) prefixes must also be used

Dihaloalkanes Examples Table
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10.1.6 Organic Families - Alcohols & Ethers

Alcohols & Ethers

Alcohols

= Alcohols are afamilyof molecules that contain the hydroxylfunctionalgroup,-OH
= Theirgeneralformulais C,H;,,10OH

= The nomenclature of alcohols follows the patternalkan + ol

= |fthere are two -OH groups present the molecule is called adiol

The first four Alcohols and their Structures Table

Classification of alcohols
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= Alcohols are classified as primary, secondary ortertiary dependingonthe numberof carbons
attached to the functionalgroup carbon
= ThisiscoveredindetailinSection10.1.11

Ethers

s Ethers are afamilyof molecules that containthe ether functionalgroup,R-O-R,where Ris an
alkylgroup
= Theirgeneralformulais ChH2n4+20
= The nomenclature of etherfollows the pattern alkoxy + alkane
= Sometimes youwillsee anoldernomenclature forethers where eachRgroupis givenan alkyl
name
= ForExample:CH3OCH3is dimethyletherand C2HsOCH3zis ethyl methyl ether

= Ethers are functionalgroup isomers of alcohols

Ethers are useful substances
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10.1.7 Organic Families - Carbonyls

Carbonyls

= Carbonylis the collective name forcompounds containing the functional group C=0O

= The generalformulaofacarbonylis C,H2,0O

= The two sub-families of carbonyls are aldehyde and ketone (knowninsome countries as
alkanals and alkanones)

Aldehydes

= |fthe carbonylgroupis onthe end of achainthenitis analdehyde and has the functional group
formula, RCHO
= theHis writtenbefore the O so asnotto confuseitwithanalcohol

= Thenomenclature of carbonyls follows the pattern alkan + al
= Thereis no need to use numbers inthe name as aldehyde will always be on the numberlcarbon
atom

Ketones

= Ketones have aminimum of three carbons and have the general functional group formula, RCOR
= Thenomenclature of ketones follows the patternalkan + one
= Afterbutanone,the carbonylgroup canhave positionalisomers,so numberingmustbe used

= Forexample pentan-2-one and pentan-3-one

Aldehyde and Ketone Examples Table
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As theyhave averysimilarfunctional group arrangement, aldehydes and ketones show similar
chemicalreactions

Differencesintheirchemistryare due to thereactions thatinvolve the Honthe aldehyde orthe
nature of the Rgroup
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= Thedifferenceinelectronegativity betweenoxygenand carbonmeans the C=Ois polar,leading
to dipole-dipole attractions betweenthe molecules whichresults in:
= higherthanexpected boilingpoints forsmallmolecules
= solubilityinwaterforthe lowermembers of the families

= Aldehydes and ketones with the same numberof carbons are functionalgroup isomers
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10.1.8 Organic Families - Carboxylic Acids & Esters

Carboxylic Acids & Esters
Carboxylic acids

= Carboxylic acids is the name givento compounds containing the functional group carboxyl, -
COOH
= The generalformulaofacarboxylic acid is C,H5,,1COOHwhichcanbe shortened to just RCOOH
= (Insome countries the familyis called alkanoic acid)

= The nomenclature of carboxylic acid follows the patternalkan + oic acid
= Thereisno need to use numbers inthe name as the carboxyl group will always be onthe number]
carbonatom

Carboxylic Acids Examples Table
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Esters

= Esters are functionalgroup isomers of carboxylic acids and contain the functional group,
carboxylate,-COOR

= The generalformulaofanesteris usuallyrepresented as RCOORwhere Rcanbe the same or
differentoneitherside of the carboxylate group

= Thenomenclature of esters follows the patternalkyl + alkanoate

= The alkylgroupinthe name is the Rgroup attached to the oxygen

Esters Examples Table

= Carboxylic acids and esters containfew similarities in theirchemical and physical properties
= H-bonds are present between carboxylic acid molecules and not betweenesters, so this
affects the melting point, boiling point and solubility:
= Smallerchaincarboxylic acids are soluble inwaterand have higherboiling points than
expected (e.g.ethanoic acid is 117 °C)
= Estersareinsoluble inwaterand have lowerboiling points than theirisomeric carboxylic
acids (e.g.methylmethanoateis 31°C)
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10.1.9 Organic Families - Organic Nitrogen Compounds

Organic Nitrogen Compounds
Amines

= There are three organic nitrogen families that youneed to know:amines, amides and nitriles

= Amineis the name givento compounds containing the functional group amino, -NH,

= Amines are derived fromammoniawhere one Hinammonia (NHz)has beenreplaced byanR (alkyl)
group

= The generalformulaofanamineis C,H,,,1NH, which canbe shortened to just RNH,

Amides

= Amideis the name givento compounds containing the functional group carboxamide, -CONH;
= Amides are acombination of amino and carbonyl groups
= The generalformulaofanamide is CyH2,,1CONH2 which canbe shortened to just RCONH;

Nitriles

= Nitriles are compounds containing the functional group nitrile, -CN

= Thisis the same CNgroupthatis called acyanide group as anion,justas hydroxyl group, OH s
called hydroxide ininorganic chemistry

= The general formula of annitrile is C,H2,,.1CNwhich canbe shortened to justRCN

Organic NitrogenCompounds Examples
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O Exam Tip

Be carefulabout counting all the carbons when naming a nitrile. Forexample CzH7CN is
butanenitrile not propanenitrile as the longest chainis 4 carbons.

You are notrequired to know the nomenclature of these nitrogencompounds, butyou are
expected to identify the functional groupsinmolecules.
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10.1.10 3-D modelling

3-D Modelling

= Representing3-Dmoleculesona2Dsurfaceisnoteasyand the bestwayto understand 3-D
structuresis to use modellingkits or3-D modellingsoftware,suchas ACD Labs ChemSketch
Forsimplification,complex organic molecules are shownwith 90°bond angles that give the
minimum information of which atoms are connected togetheras in this representation of hexane,
CeHa

A simplified displayed structure forhexane

= The true structure of hexane looks verydifferent whenviewed in 3-Dmodellingsoftware
= Freerotationofthe single bonds givesrise to structures thatlook different on paper:
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Different 3-D structures for hexane

= Byconvention,whenshowingusing 3-D models ordrawings, carbonis black, hydrogenis white
and oxygenis red

= These structures maynotcontainaccurate atomic radii,bond angles orbond lengths (modelling
software usuallyallows you to manipulate these), but they conveyinformationabout the
orientationof atoms thatis veryimportantin stereochemistry

= Stereochemistry is the studyof the relative spatial arrangements of atoms inmolecules

Stereochemicaldrawings

= To simplify3-Ddrawings,chemists use aconventionof drawing 'wedge'bonds to show bonds
comingout of the plane of the paperorreceding away fromthe plane
= Asinglesolidlineindicates the bond isinthe same plane as the paper
= Thesolid wedge shows the bond is coming towards you and the hatched orpartialwedge
bondis goingawayfromyou

= The stereochemicaldrawing forhexaneis shownbelow:

A stereochemical drawing for hexane

= Stereochemical drawings are particularlyusefulforrepresentingisomers and complex
biomolecules suchas carbohydrates and proteins
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10.1.11 Primary, Secondary & Tertiary atoms

Primary, Secondary & Tertiary Atoms
Alcoholsand halogenoalkanes

= Primary alcohols and halogenoalkanes are those inwhichthe carbonatombonded to the
functional groupis attached to one othercarbonatom (oralkyl group)

= |nsecondary alcohols and halogenoalkanes the functional group carbonatomis attached to
two othercarbonatoms (oralkyl groups)

= Intertiary alcohols and halogenoalkanes the functional group carbonatomis attached to three
othercarbonatoms (oralkyl groups)

Classifying primary, secondary and tertiary alcohols and alcohols with more than one alcohol group
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Amines

= Amines follow aslightlydifferent classificationsystem, although the terms primary,secondary
and tertiary are stillused

= Theclassificationis based onthe numberof alkyl groups attached to the nitrogeninthe amine

= Primary amines are those inwhichthe nitrogenis attached to one othercarbonatom (oralkyl
group)

= |Insecondary amines the nitrogenatomis attached to two othercarbonatoms (oralkyl groups)

= |ntertiary amines the nitrogenis attached to three othercarbonatoms (oralkyl groups)

Primary, secondary and tertiary Amines
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10.1.12Benzene

Benzene
Kekulé structure forbenzene

= Kekulé suggested that benzene was ahexagonwith three double bonds
= [twas therefore equivalent to three ethene molecules

Problemswith Kekulé’sstructure forbenzene

= Since benzene has three double bonds, it should have similarreactivityto ethene
= However, this turned outnotto be the case
= Ethene undergoes additionreactions whereas benzene rarelydoes (onlyunderveryharsh
conditions)and instead undergoes substitutionreactions

= The presence of three double bonds also suggested that benzene had shorterdouble and
longer single bonds
= |nfact,the bondlengthsinbenzene were exactly the same
= Theywere found to be anintermediate betweensingle and double bonds

= Thebenzeneis also muchmore stable than Kekulé’s suggested structure forbenzene
= lessenergywasrequired to hydrogenate abenzene molecule compared to the
hydrogenationof three ethene molecules
= This means that the bonds brokeninbenzene are strongerthanthe double bonds inethene

= Theincreaseinstabilityofbenzeneis knownas the delocalisationenergy and is caused by the
delocalised electrons inthe benzene structure

= The C-Cinbenzene are anintermediate betweensingle and double bonds whichis aresult of
these delocalised electrons

Shape of benzene

= Benzeneis aplanarregularhexagonwithbond angles of120°
= Allthe bonds areidenticaldue to the delocalizationof electrons

» Eachsp?hybridised carbonatominbenzene forms:
= Acbondwithtwo othercarbons
= Acbondwithonehydrogenatom

= Theremainingp orbitalis overlapping with the p orbitals onbothsides ofit
= To achieve maximum overlap, the benzene ringmust be planar

= Thisresultsinthe formationofasystemofrbonds spread out overthe wholering
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= Dueto this,the electrons are not bound to specific atoms but caninstead freelymove around
the structure and are said to be delocalised

Benzene has am system of delocalised electrons with carbon atoms that have bond angles of 120°
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