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Representing Formulas of Organic Compounds /
Your notes

Representing Formulas of Organic Compounds

= Organic compounds can be represented using a variety of different formulae:
= Empirical
= Molecular
= Structural
= Condensed Structural
= Skeletal
= Stereochemical

Empirical formula

= \What is empirical formula?
= The empirical formula shows the simplest whole-number ratio of the atoms in a molecule
= Forexample, if youwere asked "What is the empirical formula of hydrogen peroxide?"
= Hydrogenperoxideis H,O,
= This shows that there are two hydrogen atoms and two oxygen atoms, but this is not the simplest
whole-numberratio
= Sincethereisafactorof 2, the empirical formulais HO

Molecular formula

= Whatis molecular formula?
= The molecular formula shows the actual number of atoms in a molecule
= Forexample:
The molecular formulae of butane and butene

)

H—C—C—C—C—H IS WRITTEN C,Ho
[ I
H H H H

H H
I I

H—C—C=C—C—H IS WRITTEN C,Hqg
I
H H H H

The molecular formula of butane is C4H;o0 because it contains four carbon and ten hydrogen atoms,
while butene is C4Hg because it contains four carbon and eight hydrogen atoms
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@ Worked example ,

Your notes
Deduce the molecular and empirical formula of the following compounds:

1. (|3I Iil 5. /\/O\[‘(\

H—C—C—H G
|
H Cl
2.0 6. CH,
|
AA CHSCHZ(ECHZCI
CH,
3. CH,CHCH,CH,CH, 7. H_ H
| c=c_
CH,Ch, H C=C—H
oo

4. )\t 8. OH
OH )\(

Answers:
Answer: Answer 5:
= Molecularformula=CyH4Cly = Molecularformula = C¢H202
= Empirical formula = CH,CI = Empirical formula = CzHsO
Answer 2: Answer 6:
= Molecularformula = CsH;pO = Molecularformula = C¢H3Cl
= Empirical formula = CsH;0O = Empirical formula = C¢H3Cl
Answer 3: Answer7:
= Molecularformula = CyHg = Molecularformula=C4Hg¢
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= Empirical formula = C7H4 = Empirical formula = CoH3z /
Your notes
Answer 4: Answer 8:
= Molecularformula=CgHi40 = Molecularformula = CsH;,0O
= Empirical formula = C¢H14,0 = Empirical formula = CsH,O

Structural formula

= The structural formula shows the spatial arrangement of all the atoms and bonds in a molecule
= Thisis also known as the displayed formula or graphical formula
= Forexample:
The structural formula of 2-methylbutane

The structural formula shows all of the bonds between all atoms

= |nacondensed structural formula, enough informationis shown to make the structure clear, but most
of the actual covalent bonds are omitted
= Onlyimportant bonds are always shown, such as double and triple bonds
= |dentical groups canbe bracketed together:
Representing the condensed structural formula of straight-chain alkanes

H H H H H
0

H—C—C—C—C—C—H IS REPRESENTED AS CH,CH,CH,CH,CH,

[ OR CH,(CH,),CH,
H H H H H

The full structural formula shows all bonds, while the condensed structural formula indicates the
structure of the compound
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= Side groups are shown using brackets: /
Representing the condensed structural formula of branched chain alkanes Your notes
|
H—C—H
1 L
| |
H—C—C—C—H H—C—C—C—H
| I I |
H H H H
H—C—H H—C—H
I |
H H
IS REPRESENTED AS CH3CH(CH3)CHg IS REPRESENTED AS CH3C(CH3),CH,
OR CH3CH(CH3), OR CH;C(CHgl; OR C(CH3),

The full structural formula shows all bonds, while the condensed structural formula includes functional
groups in brackets to indicate the structure of the compound

= Specific bonds such as double (or triple) bonds are not always shown
= |tcanbeexpectedforyoutodeduceif thereisadouble (ortriple) bond within the structure from
the number of hydrogens attached to the carbon atoms
Representing the condensed structural formula of alkenes

H
H—C:C—Cl,‘—H IS REPRESENTED AS CH,=CHCH,
Gob
H H
H—Cl—C:C—(lj—H IS REPRESENTED AS CH,CH=CHCH,
bon b
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The condensed structural formula of an alkene can be shown with or without the carbon-carbon double
bond

Skeletal formula

= Askeletal formulais a simplified displayed formula with:
= Allof the carbon-carbon bonds are represented by lines
= The end of eachline and the point where two lines meetis a carbon atom
= Most of the hydrogen atoms are removed except hydrogen atoms that are part of a functional
group, e.g. OH
= Formoreinformation about the different functional groups, see ourrevision not on Functional
Groups
= Forexample:

The skeletal formula of propane, but-2-ene and ethanoic acid

)

4/<

PROPANE BUT —2—-ENE ETHANOIC ACID

Skeletal formulae do not show carbon atoms and only show hydrogen atoms that are contained within a
functional group

= Whatis the skeletal formula of methane?

= Thereisno skeletal formula formethane

= Thisisbecause carbon-carbonbonds are replaced with lines, which means that two carbon atoms
are required

= Some answers suggest the skeletal formula of methane is a dot, but thisis unlikely as it could easily
be mistaken or confused with the symbol for a free radical

= Otheranswersincorrectly suggest that the skeletal formula of methane is a carbon atom showing
all four carbon-hydrogen bonds, but thisis a structural formula
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@ Worked example /

Your notes
Draw the skeletal formula of the following molecules:

1. CH3(CH>)zOH

2.(CHz),CHCH,0H

3. CH3CH;OCH,CH3
Answers:
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@ Worked example

Draw the full structural formula of the following molecules:

1. 7~ 2 @) 3 O
~ou CI/\)KO/
Answers:
1
" |
AN
C=C—C—H
A
H H
2 H H O
\ |
C=C—C—C—O0O—H
gy
H H
3 H H O H

Stereochemical formula

= Astereochemical formulais a formula that attempts to show the relative positions and three-
dimensional geometry of atoms and groups of atoms around a chiral carbon
= Formoreinformation about chiral carbons, see ourrevision note on Enantiomers
= Stereochemical formulae follow a standard convention:
= Bondsinthe plane of the paper are drawn as solid lines
= Bonds coming forward out of the plane (towards you) are drawn as a solid wedge
= Bonds going backward out of the plane (away from you) are drawn as a dashed wedge
Diagram of the different bonds in a stereochemical formula
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DASHED WEDGE FOR P4

BONDS THAT AR

POINTING BACKWEARDS SOLID LINES FOR *FLAT" Yournotes
BONDS IN THE PLANE

SOLID WEDGE FOR BONDS
THAT ARE POINTING FORWARDS

Stereochemical formulae use solid lines, solid wedges and dashed wedges to
illustrate if the bonds are in the plane of the paper, forwards from the paper or
backwards from the paper
= Since the central, chiral carbon has fourbonds / electron domains to different atoms or groups of

atoms, the shape is tetrahedral with bond angles of 109.5°

= Formoreinformation about the shapes and bond angles of molecules, see ourrevision note on
Shapes of Molecules
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Functional Groups ,

Your notes
Functional Groups

What are functional groups in organic chemistry?

= Functional groups are atoms or groups of atoms that are found in organic compounds
= They give organic compounds their characteristic physical and chemical properties
= Organic compounds that contain the same functional group belong to the same class
= Careful: This should not be confused with belonging to the same homologous series
= Forexample:
= The class of organic compounds called the alkenes all contain the carbon-carbon double bond -
C=C- functional group
= The class of organic compounds called the aldehydes all contain the -CHO functional group

Classes of organic compounds table

Functional IUAC prefix-

SN DITET Functional group formula or —suffix Example
H H
alkane alkyl - -ane H_?_?_H
H H
ethane
H\ /H
\ / c—C
alkene alkenyl C— -ene / \
H H
ethene
— H—C=C—H
alkyne alkyny! —C=C— -yne -
ethyne
halogenoalkane| halogeno F- fluoro- H H
Cl- chloro- | l
Br- bromo- H—C—C—X
I- iodo- | |
H H
Page 10 of 37

© 2015-2025 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

if X=F, fluoroethane

|
hydroxy- . .
alcohol hydroxyl —OH ol H (|3 Cl: OH
H H
ethanol
H 0o
? Y
aldehvde carbonyl _// L H—C—C
Y (aldehyde) \ |\
H H H
ethanal
H O H
0 0]
carbony! H—C—C—C—H
ketone [ —one
(ketone) —C— | ‘
H H
propanone
H o
% Y
o carboxyl // o H—C—(
carboxylic acid ) —C -oic acid | \
(acid) \ -
OH H
ethanoic acid
T
H—C—C—0—C—C—H
ether alkoxy —0— _ | ]
H H H H
ethoxyethane
T H
amine amino —NH, -amine H_?_?_NHZ
H H
ethanamine
H o
//9 H—(|3—C//
amide amido —C\ —_amide | \
NH H NH,
ethanamide
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H 0
/o Y
ester / H—C—C
ester (carboxyl) _C\ “ose | N
o H  O—CH,
methyl ethanoate
CyHg
. phenyl-
aromatics phenyl _benzene
phenylethene

ethylbenzene

* The specification does not require specific knowledge of aromatics / arenes as a class of organic

compound
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Homologous Series

Homologous Series

= Organic chemistry is the chemistry of carbon compounds
= Carbonformsavast number of compounds because it can form strong covalent bonds with itself
= Thisenablesitto formlong chains of carbon atoms, and hence an almost infinite variety of carbon

compounds are known
= Thetendency of identical atoms to form covalent bonds with each otherand hence form chainsis

known as catenation

Examples of catenation using carbon

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

= Carbon always forms four covalent bonds which can be single, double or triple bonds
= Afunctional group is a specific atom or group of atoms which confer certain physical and chemical

properties onto the molecule
= Organic molecules are classified by the dominant functional group on the molecule
What is a homologous series?

= Organic compounds with the same functional group, but a different number of carbon atoms, are said
to belong to the same homologous series

= One definition of ahomologous seriesiis:
A family of similar compounds, having the same functional group, and so similar chemical properties
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= Everytimeacarbonatomis added to the chain, two hydrogen atoms are also added /
Homologous Series of Alkanes Table Your notes
amectatane TSt Cheminl | Meltngpant Sutenioon - olgpon
Methane 1 CHy -182 gas -162
Ethane 2 CoHg -183 gas -89
Propane 3 CzHg -188 gas -42
Butane 4 CaHio -138 gas -1
Pentane 5 CsHyp -130 liquid 36

The characteristics of ahomologous series

= The features of ahomologous series are:
= Eachmemberhas the same functional group
= Eachmemberhas the same general formula
= Eachmember has similar chemical properties
= Eachmemberdiffers by -CH,-
= Members have gradually changing physical properties, for example, boiling point, melting point
and density
= Asahomologous seriesis ascended, the size of the molecule increases
= This has an effect onthe physical properties, such as boiling point and density

General formulae of different homologous series

= Eachhomologous series can be described by a general formula

General formulae of homologous series table

Homologous series General formula Example

alkanes ChH Propane
nM2n+2 CsHg

alkenes™" CnHon Propene
C3Hg
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Propyne
Ik CnHon-
alkynes nM2n-2 CsHa
Chloropropane
hal Ik HopsX
alogenoalkanes ChHans C3H,Cl
alcohols ChH2n:1OH Propanol
nM2n+1 C3H7OH
CnH2nO Propanal
aldehydes
y (usually written as R-CHO) C3HeO
CnH20O Propanal
ketones )
(usually written as R-(C=0)-R) CzH¢O
carboxvlic acids CyH2n 1 COOH Propanoic acid
y (usually written as R-COOH) CoH5sCOOH
CnhH2n20O Methoxymethane
ethers .
(usually written as R-O-R) CHzOCHz3
amines CoHonaNH Propylamine
nM2n+1 2 C3H7NH2
. ChH2n:NO N-methylethanamide
amides ) .
(usually written as R-CONH-R") CH3zCONHCH?3
CnhH2rO2 Methyl methanoate
esters . .
(usually written as R-COO-R’) HCOOCH3

** Ethene is the smallest possible alkene as a minimum of two carbons are required to form the carbon-

carbon double bond
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Physical Trends ina Homologous Series

= Since successive members of ahomologous series differ by a single -CH»- group, they show a trend in
physical properties

BOILING POINT /7 C

300

250

200

150

100

50

-50

-100

-150

-200

Boiling point graph for four different homologous series

26P
254
e

223 230

J

214
196 194 A/Zg
/«V/ 176 204
156
141 138 182 ‘ﬁ;

=

118 18
101 97 95 125

-24
—42
=89
g
-164
I i i f i i f I I f
0] 1 2 3 4 5 6 7 3 9 10

NUMBER OF CARBON ATOMS

KEY: # = ALKANES

4 = CHLOROALKANES
= = PRIMARY ALCOHOLS e = CARBOXYLIC ACIDS

As the number of carbons in the straight-chain molecule increases, the boiling pointincreases

= Thebroadtrendisthat boiling pointincreases withincreased molecular size
= Eachadditional -CH,- (called the homologous increment) adds 8 more electrons to the molecule
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= Thisincreases the strength of the London dispersion forces, whichleads to a higher boiling point ,

= Similartrends are seen with other physical properties such as melting point, density and viscosity

= These trends are followed in other homologous series Your notes
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IUPAC Nomenclature

IUPAC Nomenclature

= JUPAC or systematic nomenclature can be used to name organic compounds and therefore make it
easiertorefertothem

Naming hydrocarbons

= Hydrocarbons are compounds containing hydrogen and carbon only
= There are four families of hydrocarbons you should know:
1. Alkanes
2. Alkenes
3. Alkynes
4. Arenes
Naming alkanes

= Alkanes have the general molecular formula C\H,2
= They containonly single bonds and are said to be saturated
= Alkanes are named using the nomenclature rule alk + ane
= Thealk depends onthe number of carbons as outlined in the following table
= The alkanes provide the basis of the naming system and the stem of each name indicates how many
carbon atoms are in the longest chain in one molecule of the compound
IUPAC system of naming alkanes table

Number of Molecular formula of IUPAC name of Stemusedin
carbonatoms straight-chain alkane alkane naming
1 CHgy methane meth-
2 CoHg ethane eth-
3 CzHs propane prop-
4 C4Hio butane but-
5 CsHyp pentane pent-
6 CeHia hexane hex-
7 CsHig heptane hept-
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8 CgHis octane oct- /

Your notes

9 CoHoo nonane non-

10 CioH22 decane dec-

O Examiner Tip

Although the table shows up to 10 carbons forreference, in your IB Chemistry exam you are only
required to name molecules with up to 6 carbons

= [fthere are any side-chains or functional groups present, then the position of these groupsisindicated
by numbering the carbon atoms in the longest chain starting at the end that gives the lowest possible
numbersinthe name
= Thehydrocarbon side chainis shown in brackets in the structural formula
CH3zCH(CH3)CH>CH3

= Theside-chainis named by adding ‘-yl’ to the normal alkane stem
= Thistype of groupis called an alkyl group
Naming organic compounds with one alkyl side chain

1 — 2 3 4 5 6
6 5 4 3 2 €— 1 THE LONGEST CHAIN
(CH3—CH2—CH—CH2— CHz_CHB OF CARBON ATOMS
| IS 6 CARBON
CH,

COUNTING FROM RIGHT TO LEFT GIVES: 4-METHYL HEXANE

COUNTING FROM LEFT TO RIGHT GIVES: (3—METHYL HEXANE

THE NOMENCLATURE GIVES THE LOWEST
POSSIBLE NUMBER IN THE NAME

The longest chain provides the main name and the side chain is shown as a numbered alkyl prefix

= |f there are more than one of the same alkyl side chain or functional groups, di- (for two), tri- (for three)
ortetra- (for four)is addedin front of its name
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= The adjacent numbers have acomma between them
= Numbers are separated from words by a hyphen
Naming organic compounds with multiple, identical side chains

2 METHYL GROUPS ON
THE THIRD CARBON

CH
2 THE LONGEST CHAIN

3
1 3| 45 6
@_,,—CHZ——(I:J[(QHJVCHZ—CHQé,\ﬂ OF CARBON ATOMS
i

IS 6 CARBON
CH,/|CH,

ONE METHYL GROUP ON
THE FOURTH CARBON

3,3,4 - TRIMETHYL HEXANE

The longest chain still provides the main name and the side chains are shown as numbered alkyl prefixes

= [fthereis more than one type of alkyl side chain, the same numbering system applies but the different
side chains are listed in alphabetic order
Naming organic compounds with multiple, different side chains

ETHYL GROUP ON THE
FOURTH CARBON

CH,—CH,
THE LONGEST CHAIN

(CH;—CH—CH;—CH—CH,—CH) OF CARBON ATOMS

R_{GMETHYL GROUP ON THE
SECOND CARBON

4—ETHYL-2-METHYL HEXANE

The longest chain still provides the main name and the side chains are still shown as numbered alkyl
prefixes butin alphabetical order

Naming alkenes

= Alkenes have the general molecular formula CyHz,
= They are said to be unsaturated
= Alkenes are named using the nomenclature rule alk + ene
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= |Inmoleculeswith a straight chain of 4 ormore carbon atoms, the position of the C=C double bond
must be specified
= The carbonatoms onthe straight chain must be numbered, starting with the end closest to the
double bond
= Thelowest-numbered carbon atom participating in the double bond isindicated just before the -
ene:

IUPAC system of naming alkenes table

Nir:rtir:f Displayed formula of straight-chain Molecularformula IUPAC name of
U alkene of alkene alkene
1 - - -
H H
2 C:C/ CyoHy ethene
H \H
H H H
|
3 \C:C—C—H C3Hg propene
H/ H
H H H H
| |
4 >C:C—C—C—H C4Hg but-1-ene
|
H H H
H H H
| |
5 H—(|3—G: (|3 C H CsHio pent-2-ene
.
H H H H H
6 H-—-(‘:—-{.J:-—-c:t!':—t‘:-—l——-H CgHyp hex-3-ene
T

= Thereisadistinction to be made between the name of the functional group and the name of the family
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= The name of the family is alkene ,

= The name of the functional group is alkenyl
Your notes

Naming alkynes

= Alkynes have the general molecular formula CyH2n-2
= The triple bond makes them unsaturated molecules
= Alkenes are named using the nomenclature rule alk + yne
= |Inmoleculeswith a straight chain of 4 ormore carbon atoms, the position of the C=C triple bond must
be specified
= The carbonatoms onthe straight chain must be numbered, starting with the end closest to the
triple bond
= Thelowest-numbered carbon atom participatingin the triple bond is indicated just before the -
yne:

IUPAC system of naming alkynes table

Numberof . \ : Molecular formula IUPAC name of
catbonatoms Displayed formula of straight-chain alkyne el AT
1 - - -
2 H—C——C——H CyH, ethyne
H
|
3 H c——cC C H CzHa propyne
|
H
H H
|
4 H—C—C——C——C—H CuHe but-1-yne
|
H H
H H H
| |
5 H c c—=cC o] o} H CsHg pent-2-yne
| |
H H H
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CéH]O hex—3—yne

o

m o
I—O—I
I—O—xT

9]

O
I—O——I
I—O——2>I

|

I

= Thereisadistinctionto be made between the name of the functional group and the name of the family
= The name of the family is alkyne
= The name of the functional group is alkynyl

Naming arenes

= Arenes are aromatic compounds, i.e. compounds with one or more rings with pi electrons that
are delocalised throughout the ring(s)

= Benzene, C4H,, is the only aromatic hydrocarbon that is coveredin IB Chemistry and is coveredin our
Benzenerevision note
= Naming aromatic compounds depends on whetherthe benzene ringis considered the main structure
orafunctional group
= Benzene as the main structure:
= Alkyl groups attached to benzene rings are named using the nomenclature rule alkyl group +
benzene
= |fthereisonly one alkyl group attached, then no numbering systemis applied to the benzene
ring
= |f more than one alkyl group is attached, then arelative numbering systemis applied
= Thisiswhere the longest alkyl chainis considered as being attached to carbon-1of the
ring
= The otheralkyl groups are then numbered accordingly
= Thealkyl groups are stillnamedin alphabetical order
Examples of alkyl substituted aromatic compounds

Methylbenzene is often called by the common name toluene. 1-ethyl-2-methylbenzene has the
longest (ethyl) side chain set as carbon-1, so the methyl side chain is attached to carbon-2

= Benzene asafunctional group:
= Thefunctional group in benzene is known as a phenyl group when attached to other

molecules
Benzene as the functional group
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Your notes

The benzene ring is considered a functional group in amine structures, which means that this aromatic
compound is called phenylamine

Halogenoalkanes

= Halogenoalkanes have the general molecular formula, CyH2n41X, where Xrepresents a halogen
= Halogenoalkanes are named using the prefix chloro-, bromo- oriodo-, with the ending -ane
= |Inmolecules with a straight chain of three or more carbon atoms, the position of the halogen atom
must also be specified
= The carbonatoms onthe straight chain must be numbered, starting with the end closest to the
halogenatom
= The number of the carbon atom attached to the halogenisindicated before the prefix:
Halogenoalkanes Examples Table

Displaved formula of halogenoalkane Molecular formula of IUPAC name of
s & halogenoalkane halogenoalkane
T T
H C‘ T H CoH5ClI chloroethane
H Cl
H H H
H C C C H CzH7Br 2-bromopropane
H Br H
T H H H I-‘|
H T Cc o C C‘ | CsHyl 1-iodopentane
H H H H H
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I
I—O—@>

I—O—I

O——O—I

CsHnCl

I—0O—@>
I—O——XI
I

3-chloropentane

= Forhalogenoalkanes with multiple halogen functional groups, the position and type of functional

group must be given
= Forexample, an ethane chain with 2 chlorine functional groups on carbon-1and one chlorine

functional group on carbon 2 willbe named 1,1,2-trichloroethane

Alcohols

= Alcohols are a family of molecules that contain the hydroxyl functional group, -OH
= Theirgeneral formulais ChH2n+10OH
= The nomenclature of alcohols follows the pattern alkan + ol

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

Displayed formula of primary alcohol

Primary alcohols examples table

Structural formula of

primary alcohol

IUPAC name of
primary alcohol

© 2015-2025 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

H—C—O\ CHzOH methanol
| H
H
T T
H C C O\ CHzCH,OH ethanol
| H
H H
H C C C O\ CHzCH,CH,OH propan-1-ol
I
H H H
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butan-1-ol

CHzCH,CH>CH,OH

I
T—0——T
I—O——I
I—O0O—23XI
I—O—T

0]

= Furtherinformation about the classification of alcohols as primary, secondary or tertiary can be found
in our Structural Isomers revision note

Carbonyls

= Carbonylis the collective name for compounds containing the functional group C=0O
= The general formula of a carbonylis C,H2,0
= The two sub-families of carbonyls are aldehydes and ketones (known in some countries as alkanals
and alkanones)
Aldehydes

= |f the carbonyl groupis on the end of a chain thenitis an aldehyde and has the functional group
formula, RCHO
= TheHiswritten before the O so as not to confuse it with an alcohol
= The nomenclature of carbonyls follows the pattern alkan + al
= Thereisnoneedtouse numbersinthe name as aldehyde will always be on the number1carbon atom

Ketones

= Ketones have a minimum of three carbons and have the general functional group formula, RCOR
= The nomenclature of ketones follows the pattern alkan + one
= Afterbutanone, the carbonyl group can have positional isomers, so numbering must be used
= Forexample pentan-2-one and pentan-3-one
Carbonyls examples table

Structural formula of IUPAC name of

Displayed formula of carbonyl

carbonyl carbonyl
H 0]
\\C///f CHO methanal (also known
| 2 as formaldehyde)
H
|/
H—C—C\ CHzCHO ethanal
Lo
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T T
H lod C c H CHCOCH; propanone (also
I | ‘ | known as acetone)
H 0] H
: T C| |C| C| H CH3CH,COCH;3 butanone
H H @] H

= Astheyhave avery similar functional group arrangement, aldehydes and ketones show similar
chemicalreactions
= Differencesintheir chemistry are due to the reactions that involve the H on the aldehyde or the nature
of the Rgroup
= Thedifference in electronegativity between oxygen and carbon means the C=0 is polar, leading to
dipole-dipole attractions between the molecules which resultsin:
= Higherthan expected boiling points for small molecules
= Solubility inwater for the lower members of the families
Aldehydes and ketones with the same number of carbons are functional group isomers

Carboxylic acids

= Carboxylic acid is the name given to compounds containing the functional group carboxyl, -COOH
= The general formula of a carboxylic acid is ChH2,,1COOH which can be shortened to just RCOOH
= (Insome countries the family is called alkanoic acid)
= The nomenclature of carboxylic acids follows the pattern alkan + oic acid
= Thereisnoneedtouse numbersinthe name as the carboxyl group will always be on the number1

carbonatom
Carboxylic Acids Examples Table

Structural formula of IUPAC name of

Displayed formula of carboxylic acid

carboxylic acid carboxylic acid
H C/ HCOLH methanoic aci.d (al§o
\\ known as formic acid)
(@]
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O—H /
H ! C/ CH,COLH ethanoic aciq (alsg Your notes
\\ known as acetic acid)

[o]

Vi

C\ CHzCH,CO,H propanoic acid

O—H
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Structural Isomers

Structural Isomers

What are isomers?

= |somers are compounds that have the same molecular formula but a different arrangement of atoms
= One group of isomersis the structuralisomers
= These are compounds that have the same molecular formula but different structural formulae

Isomers of CzHg
H\ /H
H
C
| : /N
H—C—C=C H—C—C—H
| H |
H H H H
PROPENE CYCLOPROPANE
CiHg CsHe

Propene and cyclopropane are both made of 3 carbon and 6 hydrogen atoms but the structure of the
two molecules differs

= There are three different types of structuralisomerism:
1. Functional group isomerism
2. Positional isomerism
3. Branched chainisomerism

Functional group isomerism

= Whendifferent functional groups resultin the same molecular formula, functional group isomers arise
= Theseisomers have very different chemical properties as they have different functional groups
Functional group isomers of C4H100
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| | | | | | | | Your notes
H—C—C—C—C—O0—H H—C—C—0—C—C—H
[ R I | |
H H H H H H H H
BUTAN-1-0L ETHOXYETHANE
C,HO C,H4O

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

= |tcanhelp to be aware of which homologous series can be functional group isomers of each other:

= Alkenes and cycloalkanes
= Alcohols and ethers
= Aldehydes andketones

Positional isomerism

= Positionalisomers arise from differences in the position of a functional group in each isomer
= Thisliterally means that the functional group is located on different carbon atoms
Positionisomers of butanol, C4;HyOH, diagram

H

/
T Tl

H—C—C—C—C—O0—H H—C—C—C—C—H
I I
H H H H H H H H

BUTAN-1-0OL BUTAN-2-0L
C4H0 CsH0

Both compounds are made up of 4 carbon, 10 hydrogen and one oxygen atom. However, the alcohol /
OH group is located on different carbon atoms

= |nthe example above, the functional group is the alcohol / OH group
= The OH group canbe attached to carbon-1, which givesrise to butan-1-ol
= The OH group can be attached to carbon-2, which givesrise to butan-2-ol
= Careful: Inthe butan-1-ol diagram, it appears that the OH group is attached to carbon-4
= |fyouimagine looking at the molecule from the other side, you would see that the OH group is

attachedto carbon-1
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= Thesameis true of butan-2-ol, where the OH group appear to be attached to carbon-3
= Some organic compounds that can be described as having primary, secondary or tertiary structures

will exhibitisomerism
= The terms primary, secondary and tertiary relate to the number of carbon atoms that the

functional group carbonis attached to
Demonstrating primary, secondary and tertiary structuresin alcohols

ATTACHED TO ATTACHED TO
1 OTHER 2 OTHER
T T T CARBON ATOM T Cl)H H CARBON ATOMS
H—?—?—-C:,‘-—OH H—(lt—-¢-—|c—H
I I
H H H H H H
PRIMARY ALCOHOL SECONDARY ALCOHOL
PROPAN — 1 - OL PROPAN - 2 — OL

QATTACHED TO 3 OTHER
CARBON ATOMS

H\,OH H

_TERTIARY
ALCOHOL

H—celc—n i SECONDARY

ALCOHOL " ALCOHOL

| |
H H
@ C—C—C—CH
H—C—H T 3
| H CHyH
H
TERTIARY ALCOHOLS 2-METHYL

2-METHYL PROPAN-2-0L BUTAN - 1,2,3 - TRIOL

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

= Alcohols, e.g. propanol

= The primary alcohol propan-1-ol and the secondary alcohol propan-2-ol are positionisomers of

eachother
= Careful: The tertiary alcohol 2-methylpropan-2-olis anotherisomer butitis branched chain not

positionisomerism
= Halogenoalkanes, e.g. C4HBr

= The primary halogenoalkane 1-bromobutane and the secondary halogenoalkane 2-bromobutane

are positionisomers of each other
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= Careful: The tertiary halogenoalkane 2-bromo-2-methylpropane is anotherisomer but, again, itis ,
branched chain not positionisomerism

Your notes
Branched chainisomerism

= Branch-Chainisomerismis when compounds have the same molecular formula, but theirlongest
hydrocarbon chainis not the same
= Thisis caused by branching, i.e. where the longest hydrocarbonis brokeninto smaller pieces and some
of these smaller pieces are added as side-chains / branches
Isomers of C5Hy,

] 7 H
H—C—C—C—C—C—H H—C—H
B |
H H H H H H
PENTANE 2,2-DIMETHYL PROPANE
Cs Hyy CsHoy

Both compounds contain 5 carbon and 12 hydrogen atoms. However, the longest carbon chainin
pentaneis 5 andin 2,2-dimethylpropane it is 3 (with two methyl branches)

Isomerismin amines

= Amines follow a slightly different classification system to alcohols and halogenoalkanes, although the
terms primary, secondary and tertiary are still used
= The classificationis based onthe number of alkyl groups attached to the nitrogen in the amine
= Primary amines are those in which the nitrogenis attached to one other carbon atom (or alkyl
group)
= |nsecondary amines, the nitrogen atomis attached to two other carbon atoms (or alkyl groups)
= |ntertiary amines, the nitrogenis attached to three other carbon atoms (or alkyl groups)
Examples of primary, secondary and tertiary amines
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ATTACHED TO 3 OTHER
CARBON ATOMS
N—

ATTACHED TO T T
2 OTHER
CARBON ATOM H— (|: (|: H
H H H H
7
H—C—N—C—H H—C—H
I I
H H H H
SECONDARY AMINE TERTIARY AMINE
DIMETHYLAMINE TRIMETHYLAMINE

The number of carbons attached to the nitrogen atom indicate if an amine is primary (1carbon),

secondary (2 carbons) or tertiary (3 carbons)

= This means that amines do show isomerism
= |tisambiguous whetherisomerismin amines is position or branched chain

= Youshould be able to deduce all possible isomers for organic compounds knowing their molecular

formula
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@ Worked example ,

, Your notes
How many structuralisomers are there of CzH¢Br?

Answer:

Step 1: Draw a displayed formula of the compound

H o Hw Br
- A
H— C - C — Br
7
H H H

Step 2: Determine whether there is functional group, branched chain or positionalisomerism

= Functional group?
= No, Bris the only functional group present
= Branched chain?
= No, thelongest carbon chainis 3 carbons which cannot branch:

C C C
| | |
|c = C—C—C = C—C = C—C
C

= Positional?
= Yes, there are two bromine atoms that can be bonded to different carbon atoms
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P
H—C—C—C—Br
R
H H H

1,1-DIBROMOPROPANE

iy

H—C—C—C—H
1
H H H

1,2-DIBROMOPROPANE

AND

AND

H Br H 4

|

H—C—C—C—H Your notes
N
H Br H

2,2—-DIBROMOPROPANE

iy

H—C—C—C—H
.
H H H

1,3—DIBROMOPROPANE

C;HsBr, THEREFORE HAS 4 STRUCTURAL ISOMERS
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@ Worked example ,

, , Your notes
How many isomers are there of the compound with molecular formula C4H10?

Answer:

Step 1: Draw one possible structural formula of the compound

H H
9 48
H—C-SEs C—C—H
Ml 4l |
H H H H

Step 2: Determine whetheritis a functional group, branched chain or positionalisomerism

= Functional group?
= No, there are no functional groups
= Positional?
= No, asthere are no functional groups which can be positioned on different carbon atoms
= Branched chain
= Yes, acarbonchain containing 4 carbonsis the smallest chain that can exhibit branched chain
isomerism
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H H 4
H—(|:—H H—(|:—H Your notes
rl-t H rl-t H T H }l-l H
| | | |
H—C—(|3—C—H = H—C—(|2—C—H = H—C—?—C—(|:—H
| | | | | |
H H H H H H H H H H
BUTANE
|
H—C—H
}l-'. H
|
H—C—(|3—C—H
| |
H H H

2—-METHYLPROPANE

CisHi THEREFORE HAS 2 STRUCTURAL ISOMERS

O Examiner Tip

Don't be fooled by molecules by bending and turning through 90 degrees - that does not make them
isomers. The best testis to try and name them - isomers will have a different name.
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