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drocarlbons are the simplest type of !
gfganic compounds. Hydrocarbons are
composed entirely of carbon and hgdrggen
atoms, and are widely used as fuels. Diesel,
Gasoline, natural gas and liquefied petroleum |
gas (LPG) are common examples of
hydrocarbons. As they contain only carbon
and hydrogen atoms, therefore hydrocarbons |
are non-polar covalently bonded compounds.

g ' v ] & Y ™
@’ 2% Hydrocarbons are useful fuels

Scientists classify hydrocarbons as saturated hydRagga¥ons and unsaturated hydrocarbons.
Saturated hydrocarbons are called alkgges

alkynes. In this unit, you will study @

d ugsaturated hydrocarbons are alkenes and

hgdrocarbons.

that are used in

you use in yg s for cooking is also hydrocarbon.

oggrbons. Alkanes that do not contain rings have the general formula C_H, 5, Where “n”
ent Z)
umber of carbon atoms.

An alkane in the shape uj ary

is

\g is called a kane. Cycloalkanes have the general
formula C H,,. In alkanes and cycloalkanes all the four bonds of carbon atoms are single.
Therefore, they are saturated hydrocarbons. These compounds are less reactive and also
called paraffins (para means little and affins means affinity).

Alkanes and cycloalkanes form a series of compounds, known as homologous series. Some of
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based on the principle. “Each dtfferent compound should have a

committee formed some rules. These rules for naming alkanes are

Rules for Naming Alkane ]
1. Identify

the longest’continuous chain of carbon atorgs,

(substituents). This chain is called parent chain.

2. Number the carbons of the parent chain fr
numbers.

o ——————————————————

' 2
CH ——CH—CH——

Lw—._,_ R i ——

4

9

CH——CH——CH3§

CH,

CH —CH —CH-—CH—CH —CH

S———

CH,

nt name of alkane is derived from the common system, to the

e 2 3 4 [
CH; — CH,— CH,— CH,— CH,

Pentane

1 2 3 4 5 6 ' 7
CH; — CH,— CH,— CH,— CH, —CH,— CH;

- Heptane

‘he maximum branc

nd that gives the substituents the lowg

selected chain:
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4  JoF
e i EH—-—CH;—-C}T’ =
~ Branch (Substituent) ————» CH3

2-methg| butane

EH— CH—CH —CHZ——CH CH3 T

Branch

CH = CH CH ' |
X methg! propar % ST T l
5. When two or more branches (substntuents) are | s give each substituent a number

correspondmg toits location on the Iongest C

CH "—“CH

ethgl hexane

CH, ——CH CH Gk
CH CH

' CHa.
¥ 1 2l 3 4 5 6
CH— (I:"—CHZ—“CHz— CliH"—CHg,

CH, ' CH,
2,2;5-trimethyl hexane
CH;
1 2| 3 4 5 b
i EHy—C— CH;—CH— CH;—CH,
.. T Bl iR

2,2 4-trimethyl hexane




CHS | LI ‘~ '.'1 ““_1‘.

of 73 4 5. 6
 CHC—CH—CH—CH—CH,
CH, | '
2,2-dimethyl hexane

3-ethyl-4-methyl hexane

¥
Al CH,CH,8

| O CH;— CH —CH—CH,—CH,— CH,
s 1 3 5 b

CH,
3-ethyl-2-methyl hexane

,)F’»‘ ‘
en there are two chains of equal length (same number of carbons), choose thed
€ greater number of branches (substituents) as the parent. '

8 7 6 5CI:H3 4CI:H3 3
CH;—CHz—CHz—CH—CH—ICH——CH;—CHa
2 CIIH—CH3
' CH,
3-ethyl-2,4,5-trlmethyl octane
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d of the |

~Jrom either e “‘1 A & i 4 = ae
numbering from tha CH;— ?H—'CH_‘CHZ—?'” L
s lowest number to next CHig i CH, |

2,3,5-trimethyl hexane

Preparation of Alkanes

Alkanes and cycloalkanes are saturated hydrocarbons. Their methods of preparation and

chemical properties are similar. These can be prepared by addition reaction from allk@pes d
alkynes and by reduction reaction from alkyl halides. : v |

12.1.1.1 Addition reaction , f
The reaction in which an atom or. group of atoms are added to a coxo t has a double
al

or triple bond is called an addition reaction. Unsaturated comp keWes or alkynes) are
associated with addition reactions.

1. Hydrogenation of Alkenes and Alkynes

Hydrogenation means addition of hydrogen to alkenn . In hydrogenation reaction,
the unsaturated hydrocarbons (alkene or lkyn e converted into saturated
hydrocarbons (alkanes). This reaction takess presence of nickel as catalyst at

250-300°C temperature or in presence of Matinuly (F) as a catalyst at room temperature.

(a) Hydrogenation of Alkenes
Alkenes are hydrogenated to a% e presence of nickel (Ni) catalyst at 250-300°C

temperature.

o= —H N . H.C—CHE
250 - 300°C

Ethane

(b). Hy ndtion of Alkynes

Alkynes are hjdrogenated to alkenes in the presence of nickel (Ni) as a catalyst at 250-300°C

~ temperature in first step and in second step, alkene is further hydrogenated and converted into
alkanes.

| Ni

i, HC=CH + H—H —  H,C=—CH,
‘250—300°C

Ethene

-+ SRR - Ethyne

donrarend] 2op




-' Reduction means addltlon of (nusc ,

Cl,, Bry, or I,) with the addition of hydr&éé
dust and hydrochloric acid (HCI. Methyl wdlde.

reduction. |
R=XT% 2H
CHs—I + 2[H]
Methyl iodide i

Similarly, ethyl bromide on reduction gives

CH3—CH,—Br +
Ethyl bromide

e and hgdroge‘ !
Zn/HCl
n/ b

Physical Properties of Al
i. The first four.a némbers i.e methane,
ethane, propane ane are gases. The next

thirteen jme rs dre colourless liquids while
higher fgembegs f the series are solids.

o, -polar, so they are insoluble in

soluble in non- polar organic solvents
B¥fizene, ether, acetone etc.

y have low melting and boiling points. The

melting and boiling points of alkanes increase
reqularly in the series with increase in molecular §

sizes.
iv. The density of alkanes increases re

v. Alkanes become more viscous as theirm

. vi.Alkanes are flammable. As the sizes of the alkane mole
" - carbon in the alkane molecules also increases. As ares

[
|

eqularlyin the series withi
olecular sizes incre

i s
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T en by halogen such as chlorine and bromine ‘
in alkanes is called halogenation.

Albanes react with halogens in presence of ultra
violet (V) light and produce alkyl halide and

hydrogen halide. For example, methane reacts. with
chlorine in diffused sunlight and produce methyl chloride.

group.

UV light

V #floromethane)

is stage. In a series of reactions, in each

H,C—H +Cl Cl

Methane

In excess of chlorine, this reaction does not

step one hydrogen atom is replaced by fom, so that all the three hydrogen atoms
are replaced by chlorine atom e one, to give di, tri and tetra-chloromethane
respectively. '
UV light
Cl— CH, gt o Cl— CH,— Cl + HCI
Methyl Chigride Methylene chloride
(Dichloromethane)
UV light
Cl | —H + cI+—Cl ight . c|— CH—CI + HCI
& Cl Cl
wgh ~ Methylene Chloride + Chloroform
e . (Trichloromethane)

Chcmisﬂ X
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- gpmoustion reaction is a tlass of ch I acti
“ \Ikanes bu completely in the presence ej’ xcess of qir (
S Mon dioxide (CO,) and water (H,0) only. This toct
this, alkanes are used as fuel. : .

- R £ _‘;a '
complet :
CH, + 20, T stion AN

In a limited supply of oxygen, iﬁcomplete combustien of alkan &
POisonous gas carbon monoxide (CO), water%
e

urnt carbon. C

Poisonous gas, which creates suffocation g |!i ath. ST
3CHs  + 40, mc~ 2CO +-6H20«7 a+
/ M?;dels of first five alkanes and a en

Activitng 121 .' "

f
!

5

olotrs to represent carbon and hydrogen. Present your
g the single bond between carbon atoms and double

For making models
material) or plastic

® Usedi
sho
arbre s.

nd alkenes use low cost things such as Sty a
mall plastic balls. o

»

- [ Tidbit

Exothermic reacti
Exothermic rea
chemical reactio
of energy. Ih
the form o

reactio

Name the simplest alkane. |

2. What do you mean by combustion
reaction? :

3. Define reduction reaction. Give one

example of reduction reaction.

. Write the condensed formula of pentane

and heptane.
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¢ are used for burning and heating purpc
" and coal. The chemical composition of fuels show: .
2d of carbon and hydrogen. Therefore, they are commonly referre

| Hydrocarbons are currently the main sources of the world's energy (heat) sources (such
s home heating to large industrial processes), because they produce energy when burnt.

| When these hydrocarbons are burnt in air, they produces carbon dioxide (C
H,0) and large amount of energy. These reactions are commonly known a
reactions. ,
CHug + 2029 — 2H,09 + CO eat
The energy produced during the reaction is used for ul pukposes such as
transportation, generating electricity, in homes and in%r jons.
<1929) % Alkenes O
Alkenes are unsaturated hgdrocarbons that toNg atlegst one carbon-corb'on double bond.
' which means oil forming. The general

Alkenes are also called Olefins. Olefins is

molecular formula of alkenes is C Ha.
than alkanes. The functional groupyor

ethene having molecular foragu

alkene is the double bond. The simplest alkene is

irst five alkenes with their electron cross and dot

structure are shown belowgin 7.9
[ Tabe12:2 Motecfr, Cogp®ss, Srucuralond Dot and Cross Formula of First Five Alkenes |
~ Nemf | [™Molecular formulae Condensed formula
Ethene C,H, CH, = CHp i
Propene o opglené skl 5.4 _ CH, = CHCH,
Butene or butylene | C,Hs CH, = CHCH,CH,
Pentene C:Hip CH, = CH(CH,),CH;,
Hexene CeHrz i -CH CH(CH,),CH,

Chomistry X




il "S;ﬂletunl Formula of First Five Alkel

H
H :
-4 H H-—-i —l::C< L
v | H |
: _ H H
" Ethene Propene 4

Pentene
Electron Cross and dot _formqla of enes.
: H H H “HetH
i SRy o xS
sCeseCe Hxe Cs sCesGonte
ge i XHi
HoH :
Ethene Butene i
H
iy xH
eeCeeCe

Ix.(;). Fae
®
TITxe(MexT

The IUPA e
i. Select th

A in. p
@parent name is derived from the name of the identical alkane, in which th

— ane of alkane is replaced by — ene. i
Number the chain so as to include both carbon atoms of the double bond. Numberint

begins from the end which is nearer to the double bond. L
iv. The position of double bond is shown by numbering the alkene, so that minimum
number is assigned to the double bond.
v. Designate the location of the double bond by using the number of the first atom ojt
double bond as a prefix.

vi. Indicate the location of the branches (substituents) bg numbers of the carbon ato
which they are attached.

Chemistry X
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1
CH,—CH—

2, 3-Dimethyl -2-butene ethyl -3-hexene

- Preparation of Alkene

Alkene is an unsaturated hydrocarbon, so it can be

elimination reaction.
In preparation of alkene, atom or groug
are removed from two adjacent cgrbo

the saturated organic compound % ) T
double bond. reac.tn'o . @
addition reaction.

12.2.1.1 Dehydration o s -
Dehydration of alc ansYemoval of water from alcohol. Itis a process in which alcohol
ad hyl

lose water and fo bond. For example, ethene is prepared from dehydrating et

alcohol (ethgpe
This reggli Qv rried out in the presence of §* rReading Ch“k_J i
ylphuric acid (H,S0,) at 180°C. In this i What are Olefins? '

double or triple be

phuric acid acts as dehydrating agent.
H OH| -
| H,S0, Ho A
| i ~H 180°C Tl SH
(Ethanol) Ethene Water




e rom adjacent carbon atoms. For example, ethene is prep
halogenation of ethyl chloride (Chloroethane) | e
s;ﬂ”@l;bqﬂdes is heated with an alcoholic solution of potassium hy‘ “:,_',
1 Mmolec le of hydrogen halide is r. emoved and an alkene is formed. In this eliminati;m,_‘: |
s removed from one carbon and hydrogen from the other adjacent carbon atom. f

- example, ethyl chloride on dehydrohalogenation gives ethene and hydrogéh chloride (HCY)

H cl

: : H _H .
) H f T H o Hot Alcoholic KOL | > C—¢( % Hel
. H
| .H H
: Ethe

Ethyl Chloride Hydrochloric acid

(Chloroethane) :
Hydrochloric acid (HCI) reacts with pot xide (KOH) to produce potassium
chloride (KCI) and water (H,0). |
' Vﬂ KCI +- H20

es, ethene, propene and butene are gases. Others are

H-Cl + KOH
Physical Properties of Alke

i. The first three membe

liquids and high s
ii. Alkenes are ~ @
solvents.

iii. The m@ d boiling points and density gradually increase with an increase in

erefore, they are insoluble in water but soluble in organic

moleclllar m#ss.

rtant Reactions of Alkenes (Chemical properties)
Aligen saturated hydrocarbons. Due to the unsaturated nature of alkenes, they easily

undergadiddition reactions and in this way they are converted into saturated compounds.
Addition reaction is characteristic property of alkenes.

12.2.2.1 Addition of Halogens ‘

Addition of halogens means addition of fluorine (F,), chlorine (Cl,), bromine (Br,) etc, t0

alkenes. For example, when Bromine (Br,) is added to ethene in the presence of an i
& - solvent like carbon tetrachloride, CCl, the double bond of it is converted into single bond.

S L —



~ Bromine (Bry)

Ethene ' : 1,2-dibromoethane . ‘J,"fﬁ?:
: (colourlessgliqdid)

m f Test for Unsaturation | -
Add Br, in CCl, (red colour) to an alkene. L ' | ' '

@ The colour quickly disappears as the bromine is

added to alkene. :
@ Ifthereisno double bond present, the reddish br

colour will remain. (Alkane) : '
® Thus “Decolourizing bromine” is the chemicd or

the presence of a double bond. (Alkene

- y Alkene Alkane
12.2.2.2 Addition of Hydroge al ' . '

Addition of hydrogen haj N s addition of hydrogen and halogens, such as
nydrogen chloride (HCD, B omide (HBr), hydrogen iodide (H etc. The order of
reactivity of alkenes with halides is H>HBr>HCI. For example, hydrogen bromide
(HBr) reacts with e duce Ethyl Bromide (bromoethane).

r R

Tk
H
>c® +  HBr + H—C—C—H
i | o
H % h
o Hydrobromic acid Ethyl Bromide

12.2.2.4 Addition of Hydrogen (Hydrogenation) (Bromo ehahey

When hydrogen (H,) is added to ethene, the double bond is converted into single bond and
the ethane. The addition of hydrogen to alkenes readily occurs in the presence of

S as a catalyst at 250 - 300°C forming corresponding alkanes. Hydrogenation is an
°Xothermic process.

. | | i .




s f-;' » ?.3 leduﬂon with KMnO,

enes reacts with acidified aqueous solution of potassium permgig
lecolourise its purple colour and form ethylene glycol (1, 2¢
(MnO,) and potassium hydroxide (KOH).

3H,C==CH, + 2KMnO, + 4H,0 Acid ,C—CHy + 2Mn 0§+'2K"

Ethene  Potassium Permaganate

| OH OH
N " Ethylene Glycol )
o i ! (1,2-Ethanediol) T B
; Test for Unsaturation: The purp Wn acidified aqueous solution of potassi
n Nl

s treated with alkenes. This test is used for the 2
off as Baeyer's test. : 4

(a) Alkane = |
(a). There is no reaction with alkane, as
there is no decolourization in alkane, " 1
(b). The alkenes decolourises the acidifie
potassium permaganate (KMnQy). =




: & Alkenes are more reactive than alkanes,'wh-g? :
2 State the conditions used in the reac;ion between an alkene
st Name the product formed when propene reacts with chlogine.
" 4 What will be formed when ethene gas is bubbled through :
of hydrochloric acid? N SR
5. Distinguish between propane and propene usin yer ’

P2e3y  Alkynes

Alkynes are unsat rated hy
two hydrogen atoms less than the ¢
Examples of alkynes or ethyne, prd

molecular formula C,H,.

Fig. 12.2 Ethyne i the fuel used in oxyacetylene torches. Oxyacetylene torches

can reach temperatures of over 3000°C

0 ion of ethyne when it is mixed with pure oxygen produces latge amount of
used for welding. The common name of ethyne is acetylene and these welding

are commonly called oxyacetylene torches. .




olale

ropyne or methyl acetylene | C,H,

" Butyne or dimethyl acetylene o
Pentyne C.He sy
Hexyne ‘ | GeH:, 7 ‘ ~(CH,);~CH,

Structural formula of firs ve Aa ynes

i)
|

7 age=" i
H H - H . HHH
Penty :

ntyne
Cc)g‘g Cross and dot formula of first five alkynes
H H H
o@xH on(.:. oC::CoxH on(.:o.(‘:._.C::CoxH

X X X
H T
yne Propyne Butyne
H H- HH
X X X X
oo - ® ® ° PP
::COXH HxeCeeCe eCeo o(Ce .C::C.XH
X X7 X
H H H H







§ 1.2 6ehalogénation of Tetrahalides

Tetrahalides: Compounds that contain fo e
atoms are called tetrahalides.

When alkyl tetrahalides for example,
" metal like zinc (Zn) dust. It eliminate

3 ethyne and Zinc Bromide (ZnBr,). 4

atoms at the two adjaéen?v

1,2,2%rabromoethane is treated with reactive
fhe bromine and forms triple bond, prod

H

?r ?r ' g
C—C—H + _p  H—C=C—H + 2ZnBr,

Br Br
1,1,2,2- Tetrabrom tha

of Alkynes
mbers of alkynes ethyne (acetylene), propyne and butyne are g

@ "non-polar; therefore, they are insoluble in water, but soluble in or

plete combustion, they produce carbon dioxide and water, with the release

' ol :
N y huge amount of energy.
W e melting and boiling points and density increase with an increase in the m

. - - Ma s' : y’
e ’n__‘

Important Reactions of Alkynes (Chemical properties) ._‘. il
ted hydrocarbons. They easily undergo addition reactions af
te ,_k_lt.o_saturated hydrocarbons. y g

L = i
- »







@ Cucloalkanes have the formulaCHy
. Th;,eaction in which an atoms or groUp of atoms ar
~ doubleor triple bond is called addition reaction. q

. ® Hgdrogenation means addition of hydrogen to unsaturatec
ns addition of (nascent) hydrogen. |

@ Reduction med |
@ Nascent means ‘newly born’. The hydrogen at the time Qfgts

"hydrogen. A
@ A substitution reaction is a reaction in which, an geeeg 1 atom) or a functiond
- group (X, OH etc)is replaced by a different funct @ pup. s T !
| recWnia@f which is commonly referre: ‘
t

- ® Combustion reaction is a class of chemi
burning. V - Aai
re is limited supplg Ofoxwg_ .

@ Incomplete combustion is the proce
o carbon dioxide (CO,), carbon m

hydrocarbons incompletely burn d E
(CO), water (H,0) and unbu '%. s -1'. :

| @ Alkenes are unsaturate ns that contain double covalent‘bonds b'ﬁwm’ L
. carbon atoms. R
@ Alkenes are also cglle efi®, olefins is a | atin word which means oil forming. 3 _,-'..'5 '

m a molecule (adjacent carbons) to form ;.

toms are removed .fro

@ In the eliminatioff reactig

the double g : bogdls. This type of reaction is the opposite of an addition reaction. e
@ Dehydratig ohol means removal of water from alcohol. -
@® Deh gftition of alkyl halides means removal of hydrogen and halogen (F, &l 8

Brg; 5 : B

@® Addition of halogen means addition of fluorine (F,), chlorine (Cl,), bromine (Brz) etc. ‘
q Addition of hydrogen halide means addition of hydrogen and halo'gens, such as
E hydrogen chloride (HCD, hydrogen bromide (HBr), hydrogen iodide (HI) etc. "

® Baeyer's test is used for the detection of double bonds in alkenes. = g -

b : An alkyne is unsaturated hydrocarbons, which contain at least one triplebond.
" -%leormula of alkyne is CnH,, ,. S

N . ;,*?




h Halogenatim
ion o - d Oxidation of alke
reacts with HBr the compound formed is
e *CH —Br b.Br —CH,—
O -—tH e | & CH==C

Halogenatnon of methane in the presence of diffused gl rs L:"-:'
- aQuickly, only in one step one step
- cInaseries of four steps d &xm Wo step
& Dehydrohalogenation of alkylhalide is

~ aRemoval of hydrogen
] b.Removal of halogen O
A ¢ Removal of hydrogen and halo
*# e d Addition of hydrogen and ~ ,
! i‘ 5. Which one of the followmg 6L ses Br, water?
| o Ethane g Propane d.Methane
13 &. The general formul e is
g H, C.Ha 2 CHons s d.CHz 5

_Lﬂ cohol with conc. H,SO, results in the formation of

l, Methane Ethyne o Ethene

. SubspfTthg tion is the characteristic of
% , Alkenes Alkanes 4 None of these

ne is the least reactive?
o Phyne b Propene Ethene d.Ethane

The order of reactivity of hydrogen halides with alkenes is










