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Organic Chemistry 1 - Key conceptsand
Optical |somerism

Tosucceed in thistopicyou need to:

« Understand or ganicnomenclature(cover ed in Factsheet 15- Organic chemistry | - Nomenclature);

« Beabletonameand draw organic molecules;

« Learnthereaction equations, conditionsand mechanism namesfor theorganicreactionsmet at AS-level (Factsheets16and 17).

After workingthrough thisFactsheet you will:

« Haverecapped thechemical terminology learnt in AS-level;

« Haverevisad theorganicreactionsintroduced at AS-level;

» Haverevised structural and geometricisomerism;

« Understand how optical isomerism arisesand beableto statewhether or not it ispresent in agiven molecule.

= Key definitions: Functional Groups

«  Functional Group - the reactive part of a molecule. These functional groups are the ones introduced in the AS-level course.

» Family of compounds- contain the same functional group. Family Functional Group Systematic Name

» Homologous Series - a seriesin which the compounds belong to
the same family and only differ by a -CH,- group in the length of Alkane c-C -ane
the carbon chain.

. ) Alk = -

* General Formula- representsa homologous series of afamily of ene c=C e
compounds. Alcohol -OH -ol
eg. CH,,, -alkanes.

CH, OH -alcohols Halogenoalkane -Cl chloro-
e -Br bromo-
IUPAC Nomendature . lodo-
The agreed international system of naming organic compounds, or Ketone SNc=0 -one
‘systematic nomenclature', isexplainedin detail in Factsheet 15. Candidates -
must have a good understanding of this, and be able to name simple and
complex organic molecules. Aldehyde H -d

|
H —C=0
eg CH, H—C|3_H Methane CarboxylicAcid _C/OH -oicacid
AN
H (0]
Nitrile -CN -nitrile
€g. CH,CHCBrOHCBrICH,CH,
H H r H H ) .
| | | | Amine -NH, -amine

3,4-dibromo-4-iodohex-1-ene-3-ol

Exam Hint: Candidates should ensure they are adept at switching
between the systematic name of a compound and its structure. This

Refer to Factsheet 15 for the method of naming organic compounds, worked skill will usually be assumed in A2 work.
examples, and questions.
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The following terms are used in describing and classifying reactions

Glossary of terms

Freeradica A species with an unpaired electron.

Nucleophile A donator of alonepair of electrons (to form anew
covalent bond). N.B. Nucleophile means 'nucleus
(+vecharge) lover'.

Electrophile An acceptor of alone pair of electrons (to form a

new covalent bond).
‘electronlover'.

N.B. Electrophile means

Homolytic fission When acovalent bond breaks and one el ectron goes
to each atom (forming freeradicals).

Heterolytic fission When acovalent bond breaks and both electronsgo
to one atom (forming ions).

Thediagrams below summarisethe organic reactionsfrom AS Chemistry -
Factsheets 16 and 17 cover the full details and equations.

Fig. 1 Alkanereactions

- (@) hal
carbon dioxide 2 Alkanes ogen halogeno akane
+ water heat UV light
combustion freeradical
substitution
Fig. 2 Alkenereactions
CO, + H,0 | combustion

electrophmc\ 409" [di-halogenodlkene]
Heat w\—\/ dl halogenoakane

addition Ni catalyst electrophilic
addition
alkaline hydrogen
KMnO, (&) halide
heiogenoalkane
electrophilic
OX|dat|on addition
electrophilicaddition
Fig. 3Halogenoalkaner eactions
nltrlle
nucleophlllc KCN in nucleophlhc
substitution water/ethanol ~ NaOH(ad) substitution
heat under
heat under reflux
reflux
Halogenoalkane
NH, m/ KOH in
ethanol ethanol
i heat heat under
-emlnes reflux
nucleophilic nucleophilic
substitution dimination

Substitution When anatomor ‘group’ inamoleculeisreplaced by
another atom or ‘group’.

Addition When 2 moleculesreact to form asingle product.

Elimination When a simple molecule (e.g. HCl, HBr, H,0O) is
removed from amolecule and not replaced.

Hydrolysis When water reactswith amolecule, and themolecule
is split into two parts.

Oxidation Lossof electrons, gain of oxygen or lossof hydrogen.

Reduction Gain of electrons, loss of oxygen or gain of hydrogen.

Polymerisation Formation of polymer molecules from monomers.

Exam Hint:

Candidates must learn the following about each organic reaction.
e Reaction equation.

e Reaction conditions.

e Reaction type and mechanism.

Fig. 4 Alcohol reactions

nucleophilic substitution
chloro-alkane iodo-alkane
NaBr(S +
nucleophilic H,SO,(conc.) nucleophilic
substitution to make HBr subgtitution
dry PCI} P(s) + 1,(5)
to make P,
halogenation
Alcohol \
dehydration oxidation
conc. H,SO, hean o primary /\
170°C acohols
secondary
alcohols
\ Cr2072‘(aq) H+(aq)
akene Cr,0,7(aq) | H*(aq)
adehyde
further oxidation
Cr,0,(a0) | H*(ag)
carboxylic
acid
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Once these reactions have been learnt, candidates should then begin to see how organic compounds can be inter-converted, as‘ synthetic pathways' can

be understood.

Fig5. Synthetic pathwayssummary

Primary KOH(aq) Primary
Halogenalkanes Alcohol
KOH / ethanol HX
Alkene X, Dihalogeno
—| Alkanes
KOH / ethanol HX
Secondary KOH(ag) Secondary
Halogena kanes Alcohol

K,Cr,0; KLr,0, Carboxylic
He Aldenyde H- Adid
KOH(a0) Diol
K,Cr,0,
H Ketone

Testsfor functional groups

Candidates are expected to know the following tests for functional groups

in practical exams/ assessments and modular exams.

1. Structural Isomerism
Structural isomerism is when the same number and type of atoms can be
arranged in different ways to form structural isomers.

e.g. C,H,, has 2 structural isomers.

Group/ Family Test Result CH,CH,CH,CH, and ?H3
CH,CHCH,
Alkene Shake with brominewater, Colour of bromine
Cc=C Br,(aq) solution goes from Exam Hint: A common exam question is for candidates to be given
brown to colourless. a formula and to be asked to work out a number of different structural
isomers, so practise this!
Chloroalkane 1. Warm with NaOH(agq) ~ White precipitate,
C-Cl solubleindilute
NH,(aq). 2. Geometric Isomerism
Geometric isomerismis caused by the presence of acarbon-carbon double
Bromoalkane 2. Add dilute HNO,(aq),  Cream precipitate, bond (C=C). Thereis no rotation about the C=C because rotating would
C-Br until just acidic solublein conc. require breaking the pi-bond. The two forms are called ster ecisomers.
NH,(aq).
: e.g. But-2-ene, C H,, isthesmallest molecule showing geometricisomerism.
lodoalkane 3. Add AgNO,(aqg) Yellow precipitate,
insolublein conc. H CH, H.C CH
3 3
NH,(ac). N/ \/
/C:C\ /C:C
T \
. H,C H H H
Isomerism
Trans-but-2-ene Cis-but-2-ene

Isomerismistheterm used for compoundswith the same molecular formula
(i.e. thesame number of atomsof each type) that have different arrangements
of these atoms.

At A2-level there are 3 types of isomerism to learn about:

The H atoms are diagonally
across (“trans’) the
double bond.

The H atoms are the same
side (“cis") of the
double bond.

== Geometricisomerscan only occur if both carbon atomsinvolved
in the double bond have two different groups attached to them.
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3. Optical Isomerism

OP'EWOptical isomers are defined asisomers of which oneisthe non-
superimposable mirror image of the other. Such moleculesare said to be
chiral molecules.

This can be caused by a carbon atom having 4 different groups attatched
toit. Thiscarbon atomiscdled the chiral centre.

e.g. Theoptical isomersof lactic acid.

OH | OH
| |
- 9\ | C
Hooc” 2 TH |y = coom
CH3 ) | EH3
imaginary

mirror

They are known as ‘optical’ isomers, as a single optical isomer has the
ability torotate the plane of polarisation of plane-polarised monochromatic
light.

0_% Isomers which rotate the plane to the right (clockwise) are
dextrorotatory and given the prefix (+).

Isomers which rotate the plane to the left (anticlockwise) are
laevor otatory and given the prefix (=).

If asolution contains equal amountsof 2 optical isomers(e.g. 1 mole of
(+)-alanineand 1 moleof (-)-alanine) itissaid to bearacemic mixture,
and will show no rotation, asthe effects of each optical isomer cancel
out.

Geometric and optical isomerism are both forms of ster eoisomerism.

Practice Questions
1. (a) Givetheformulaof thethree structural isomersof C,H, which are
non-cyclic.

(b) One of these structures shows a type of stereoisomerism.
(i) Explainwhat causesthe existence of stereoisomerism.
(i) Givethetwo structures of the stereoisomers and name them.

2. Draw the structures of the following organic compounds.
(a) Propene
(b) Pentan-2-ol
(c) Triiodomethane
(d) 2,2-dichloro-4-bromohex-3-ene-5-ol

3. Definethefollowing terms.
(a) Freeradical.
(b) Electrophile.
(c) Substitution.
(d) Hydrolysis.

4. The question relatesto the following reaction scheme.
CH,CH, st~ CHCH, —=*2> CH,CH.CI
(a) Givethe conditions and equations for
(i) Step 1.

(i) Step 2.
(b) What is the type and mechanism of the reaction in step 2?

5. Thequestion relatesto the following reaction scheme.
CH,CHCH, —s®1~ CH,CHBrCH, —®2~. CH,CHCNCH,

(a) Givethe conditionsrequired and the equation for:
(i) Stepl.
(i) Step 2.
(b) What is the type and mechanism of the reaction in step 2?

6. (a) Markthechira centrein thefollowing molecule.
T )
HO—lC—lC—C|=|C—?—NH2
H C H H H
(b) Explain why chiral molecules are said to have ‘optical* isomers.
(c) What isaracemic mixture?

Answers.
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(b) (i) Lack of rotation about the double (17) bond.
@y CH
\ / 3 H3C\ /CHs
C:C\ /C —C
H,C H H H
Trans-but-2-ene Cis-but-2-ene

2. (8 CH,CH=CH,
(b) CH,CH,CH,CHOHCH,
(¢) CHI,
(d) CH,CCI,CH=CBrCHOHCH,

3. (& A specieswith an unpaired electron.
(b) An acceptor of alone pair of electrons (to form a new covalent
bond).
(c) When an atom or group in amoleculeisreplaced by another atom
or group.
(d) When water reacts with a molecule, which is split into 2 parts.

4. (8 (i) CH,=CH, + H, - CH.CH,
Conditions: Heat over anickel catayst.
(i) CH,CH, + Cl, - CHCHCI + HCI
Conditions: UV light.
(b) Freeradica substitution.

5. (a) () CH,CH=CH, + HBr - CH,CHBrCH,
Conditions: Room temperature.
(if) CH,CHBICH, + KCN - CH,CHCNCH, + KBr

Conditions: KCN in water/ethanol, heat under reflux.
(b) Nucleophilic substitution.
H OH H

6 @ | Tx |
Ho—clt—lc—$=c|:—c|:—NH2
H C H H H

(b) A single optical isomer has the ahility to rotate plane-polarised
monochromatic light.

(c) A solution containing equal amounts of two optical isomers. A
racemic mixture will show no rotation of plane-polarised light as
the effect of the two optical isomers cancel each other out.
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