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Organic Chemistry

Organi ¢ conpounds are conpounds contai ni ng Carbon. They can be
grouped into famlies or honol ogous series. Al nenbers of each
famly have the sane general fornmula and simlar chem cal reactions.

ALKANES Ceneral formula CH,,,,

Al kanes are hydrocarbons. Their nanes end in 'ane'.
Here are the first eight in the series:

Name Full structural Shortened structural Molecular
formula formula formula

i

Methane H—Cl:—H CH, CH,
H
o

Ethane H-G-G-H CH, CH, C,H,
H H
o

Propane H—(I:—?—?—H CH;CH,CH, C3H8
HHH
oo

Butane H-C-C-C-C-H CH
o G G CH3CH,CH,CH, AT
HHHH
P

Pentane H-G-G-C-G-G-H CHyCH, CH,CH,CH, CsHy,
HHHHH
oo

Hexane H-C-C-C-C-C-C—H CH
G G G GG (C CH3CH, CH, CH,CH, CHy 514
HHHHHH
P

Heptane H-G-G-C-G-G-G-G-H CH,CH, CH, CH,CH, CH, CH, C,Hyg
HHHHHHH
SNBSS

Octane H-C-C-C-C-C-C-C-C-H CH
o G G G O Cm O € CH3CH, CH, CH, CH, CH,CH, CH, sHig
HHHHHHHH

These are all straight-chain al kanes. There are nmany nore
branched-chai n al kanes e. g. 2-Methyl hexane

H\||_|/H
C
H H H H H CH,
| | | | | Al 'so |
H— C— C— C— C— C— C—H witten->  H,C— C— OH CH,CH,CH,

I
H H H H H H H
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The nol ecul ar formula of 2-Methyl hexane is GHg - the same as

Cctane!! Substances with the sanme nol ecular fornmula but a different
structural fornmula are known as isoners. 2-Methyl hexane and Cctane
are i soners.

The nane is derived by selecting the | ongest Carbon chain and
nunbering fromthe end nearest the branch.

In the above exanple, the |ongest Carbon chain is a 6-nenbered
(Hexane) chain and there is a nethyl group CH;- on position 2.
Branchi ng groups are naned after the parent al kane:

Met hyl CH;-
Et hyl CH- also witten-> CH,CH,-
Pr opyl GH;- also witten-> CH,CH,CH,-

FURTHER EXAMPLES OF NAMING ALKANES

) T
I
H3C—C|:— CH, CI—|3CI-|2— Cll— Cll— CH,
CH, CH, H
2- Met hyl pr opane 2, 3- D et hyl pent ane
)
IC2H5 H—C—C—HH
I
CH3CHZCHZ—C|:— CI-|2CI-|2CI-|ZCI-|3 HH—C—Cli—H
CH, |
H H
4- Et hyl 4- Met hyl oct ane But ane

REACTIONS OF ALKANES

Al kanes are saturated - they contain only G C single bonds.

They undergo a slow, substitution reaction with Bromne but only in
the presence of ultra violet |light e.g. Ethane

CH; + B, -> GCHB +  HBr

The brown col our of the Brom ne slowy becones col ourl ess.
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CYCLOALKANES

Cycl oal kanes are hydr ocar bons.

Here are the first four

Name

Cycl opr opane

Cycl obut ane

Cycl opent ane

Cycl ohexane

Structural

3

CGeneral formula CH,,

H\\‘/H
C
H— (I:/_\(I:_ H

H H

REACTIONS OF CYCLOALKANES

Cycl oal kanes are saturat ed.

Li ke the al kanes,
Brom ne but only in the presence of ultra violet
e.g. Cycl obut ane

GHs +

Br,

> G

in the series:

f ormul a

Their nanmes begin with ' Cyclo-'

Mol ecul ar fornul a

C_H

CH

C_H

CH

+ HBr

6 12

t hey undergo a slow, substitution reaction with

i ght

Qganic
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ALKENES CGeneral formula CH,,
Al kenes are hydrocarbons. Their nanes end in 'ene'
Here are the first seven in the series:
Name Full structural Short ened Mol ecul ar
formul a structural formul a
formul a
H\ /H
Et hene c=C CH_CH C.H
/7 N\ 272 274
H H
A
Pr opene H-C—C=C CH_CHCH C,H
1 \ 3 2 3 6
H H
R H
But ene H—-C—-C—C=C CH_CH_CHCH CH
T \ 372 2 4 '8
H H H
HEER H
Pent ene H— Q—Q—?— C=C\ CI—|3CH2CH2CHCH2 CSH10
H HH H
HOEERE H
Hexene H—Q—?—?—(;:—C:C CI-|3CI-|2CH2CH2CHCH2 CGH12
HHHH H
WA R R R R H
Hept ene H— CIZ—CII—CIZ— (IZ— CIZ— CZC\ CHSCHZCHZCH 2CI-|2C2I-|CI-|2 C7H14
HHHHH H
R
Cct ene H—CIZ—(IZ—CIZ—C—CIZ—CIZ—C=C\ CI-|3(3I-|ZCI-|ZCI-|ZCI-|2(3I-|ZCI-|CI-|2 C8H16
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REACTIONS OF ALKENES

Al kenes are unsaturated - they contain C=C doubl e bonds.

They undergo a fast, addition reaction with Brom ne e.g. Ethene

N P

C=C + Br, ——> H—C—C—H
H/ \H [ [
Br Br

The brown col our of the Brom ne rapidly becones col ourl ess.

Thi s reaction enables us to distinguish between saturated and
unsat ur at ed hydrocarbons: saturated hydrocarbons decol ouri se Brom ne
slowy and only in the presence of W light; unsaturated hydrocarbons
decol ouri se Brom ne qui ckly and wi t hout UV.

Al kenes undergo an addition reaction with Hydrogen to formthe
correspondi ng al kane e. g.

H H H H H H
PN N VRV i
H H H H
Pr opene Pr opane

PREPARATION OF ALKENES

Fractional distillation of crude oil yields nore | ong-chain
hydrocarbons than are useful for present day purposes. Wen these

| arge nol ecul es are heated to very high tenperatures they break down
to formsnaller ones, some of which are al kenes. This process is
call ed cracking. The higher the tenperature the nore extensive the
br eak down.

The cracki ng of Hexadecane at 700 - 900 OC produces mai nly Ethene:
Cthy  -> 7GH  +  GH
This 'high-tenperature' cracking is known as 'thernmal cracking' .

EXPERI MENT: Thermal cracking of liquid paraffin:

()
St eel wool
L . —+ gas
Liquid paraffin |
(C12- C16) i T
absorbed in & 5
rocksi | = - f)
T -
Heat
(@)
Water 44— (o)
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If lower tenperatures (450 - 550 0C) are used the cracking is not so
extensive and | arger nol ecul es are produced. The use of | ower

t enperatures, however, slows the reaction dowmn. A catalyst (A um nium
silicate) nust be used to speed things up. This type of cracking is
known as 'catal ytic cracking'.

e.g. the cracking of Hexadecane at 450 - 550 O0C produces Pentene and

Hexane:
Cieha -> 2 GHy + CoHia
ALCOHOLS CGeneral formula CH,, , ,CH

Al cohol s, al so known as 'al kanols', contain the hydroxyl OH
functional group - the group in the nol ecul e which reacts. Their
nanmes end with '-ol"’

Here are the first eight in the series:

Name Full structural Shortened structural Molecular
formula formula formula

i

Methanol H-G-0H CHy OH CH; OH
H
i

Ethanol H-G= G- O CH, CH, OH C,H OH
H H
oo

Propan-1-ol H—IC—(IZ—F—(]—I CH;CH,CH, OH C3H7O—|
HHH
oo

Butan-1-ol H-C-C-C-C-O H CHOH
Lo CraCHLCH O 49
H H
po

Pentan-1-ol H=G= G- G- G-C-CH CH,CH, CH, CH,CH, OH CgH,, OH
HHHHH
oo

Hexan-1-ol H-C-C-C-C-C-CM™ CH CH _OH
R CHCH, CH,CH CH O, 6 13
HHHHHH
po

Heptan-1-ol H=G= G- G- G- C-G-G-0H CH,yCH,CH, CH,CH, CH, CH,OH C,H, OH
HHHHHHH
S

Octan-1-ol H-G-G-G-G-0-G-G-0-0H  CHyOH,CH,OHyCH,OHy OH,CH,0H - CH, O
HHHHHHHH

QG her isonmers with the hydroxyl group in a different position are
possi bl e e. qa.
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H OH H HoH OHH H
H-C—C—C-H H—IC— C— ?— C— ?—H
H H H H H H H H

Propan-2-ol Pentan-3-ol

PREPARATION OF ALCOHOLS

Al cohol s are nmade by the addition reaction of al kenes with Water
(hydration) in the presence of a catalyst e.qg.

H\ /H Phosphoric acid catal yst ||_| l|_I
C=C + HZO > H—C—C—
H/ \ H I |
H H
Et hene Et hanol

The Ethanol, thus obtained, is widely used as a solvent e.g. for hair
| acquer, after shave, paint etc.

Et hanol can al so be made by fernmentation of G ucose obtained from

fruits or vegetables e.g. wine is nade from grapes, whisky is nade
from barl ey

CoHi2Os -> GHM G
Zymase enzynes in yeast catal yse the reaction

The fernmentation of ducose can be carried out in the |aboratory :

Air |ock %r Leave for

t hree days

in awarm

pl ace

|

d ucose + o€ Car bon di oxi de
Water + o
Yeast © <— vater

The air lock is necessary to keep out Oxygen (Al cohol reacts with
Oxygen to formvinegar, a dilute solution of Ethanoic acid)

The fernmentation stops when the al cohol concentration reaches about
7% This is because, at this concentration, the alcohol kills the
yeast. The solution we obtain is therefore nostly Water !

Wnes and beers are nmade this way.

If we want to make spirits (whisky, gin, vodka) we mnust increase the
concentration of the alcohol. This is done by distillation :
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Mter/

Fracti onati ng Condenser
col umm
/s\ 95% al cohol
| ‘ vat er ﬁ’/’
Al cohol +
Wat er
HEATER %

As the mxture boils, both al cohol and Water vapourise. The vapour
contai ns nore al cohol than Water since al cohol has the | ower boiling

point (78 0C). As the two fractions begins to rise up the
fractionating colum and begin to cool, the Water, with the highest

boi I i ng point (100 0C), condenses first and drops back into the
flask. As the vapour noves further up the colum it becones nore and
nore enriched in alcohol. Wen it reaches the top, the vapour is 95%
al cohol. It then enters the condenser, cools and becones a |iquid.

The thernoneter reads 78 OC until all the al cohol has been distilled
then begins to rise.

Apart fromits use in making spirits, the distilled Ethanol can be

m xed with petrol and used as a fuel in cars. Wien the crude oil runs
out so will the petrol. Could we use Ethanol instead? It can be nade
froma renewabl e source of 3 ucose - sugar cane!

Et hanol is a drug which depresses the nervous system It reduces
awar eness and slows down reaction tines. It isillegal to drive with

nore than 80 mlligrans of Ethanol per 100 cn® of bl ood.
In addition, Ethanol can danmage the |iver.
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Dehydration of Ethanol

Al cohol s can be converted to al kenes by passing the vapour over
heat ed Al um ni um oxi de catal yst. The reaction is called 'dehydration’
since | oss of Water occurs.

H H
| ANV
H— C—C—H _—> cC=C + H.O
P B L H/ \H 2
H CH_E
Et hanol Et hene
Experi ment: Dehydrati on of Ethanol
A 203
Rocksi| soaked in |
Et hanol 1 /\__ £t hene
o
. =)
Wat er
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ALKANOIC ACIDS Ceneral formula CH, ,,COCH

Al kanoi ¢ aci ds, al so known as ' Carboxylic acids', contain the
car boxyl COCH functional group:

O

—c:’
CH

Their nanes end with '-oic acid'

Here are the first eight in the series:

Name Full structural Shortened structural M olecular
formula formula formula
(0]
. 4
Methanoic H-C HCOOH HCOOH
acid \q_|
it 0
Ethanoic H-C-C CH,; COOH CH_COOH
. | \ 3
acid H oH
t 0
Propanoic H-C-C-C CH,CH, COOH C_H_COCH
_dp AN ak 25
i 0
Butanoic H-C-C-C-C COOH C_H_COH
acid I 1 I N\ GGGy 37
HHH OH
g0
Pentanoic H-C-C-C-C-C COCH C H COOH
acid I 1N\ CHzCHCH,CHy 49
HHHH oH
pop 0
Hexanoic H-C-C-C-C-C-C COOH C_H, COOH
acid 11 1 1 N\ GG OO, 5 11
HHHHH OH
popE 0
H noi H-C-C-C-C-C-C- H
ei%ta oic G-G-C-G-C-6-C CH,CH, CH, CH, CH, CH,, COCH CsH,5 COH
ac HHHHHH O
g 0
Ocitde1n0|c H-G-C-G-G-C-G-G-C_ CH3CH,CHyCH,CH,CH,CH,000H  C,H,  COOH
ac HHHHHHH
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ESTERS

Esters contain the ester COO functional group:

e
_C\
O—

Their nanes end with '-oate'

Esters are nade by the reaction of an al kanoic acid with an al cohol
e.g.

H H o H H 0
L L 4 H AT
H—C—C—C\ | S H—C—C—C\ | HCH
Lol Do HO—C—H Lol o—C—H
H H
Propanoi c acid Met hanol Met hyl propanoat e Wat er

The OH group breaks off the carboxylic acid. The H breaks off the
al cohol. The OH and the Hthen join to give Water.

+° +°
—C s S —C HCH
N 3 N\
IH  Hio— o—

TN

]

This is therefore a condensation reaction.

N. B. Methyl propanoate's fornula nay al so be witten, in shortened

form as CH,CH,COOCH,.

Nanmes are derived fromthe parent carboxylic acid and al cohol .

The formation of an ester can be reversed by reacting the ester with
Water, a reaction known as hydrol ysis.

e.g. the hydrolysis of Ethyl nethanoate

,0 O
7 4
H—C + HO ——> H-C + HO-CH,CH,
O— CH.CH “NeH
273
Et hyl net hanoate Wat er Met hanoi ¢ aci d Et hanol

Esters are used as flavourings, perfunmes and sol vents.



