Preparation and Properties of
Hydrocarbons-I =

26.1 INTRODUCTION

Hydrocarbons are an important series of organic compounds. They are used as domestic
fuels, as well as fuels in space crafts. Petroleum, which is a major source of hydrocarbons,
has national and international importance. The products obtained from distillation of
petroleum are used almost in every sphere of life. They are used as fuels, lubricants, dry
cleaning agents, ingradients in medicines and in dyes etc. Hydrocarbons are considered
to be the parent organic compounds, from which other organic compounds can be derived
by replacing one or more hydrogen atoms with oxygen, sulphur, nitrogen, halogen, etc.
All these types of compounds are very useful to us. In this lesson we will study about
their preparation and important physical properties.

Due to their vast uses these compounds are very much needed in our daily life. Thus we
must know their methods of preparation and properties. R

26.2 OBJECTIVES

After reading this lesson you will be able to:
.. @ describe the importance of hydrocarbons, .
list different methods to prepare hydrecarbons;. . . . -
- differentiate between satirated and unsaturated hydrocarbons,
list the various reasons réspdﬁgii)ie for variations in physical properties of different
hydrocarbons, il '
describe the mechanism of dehydration of alchols,

differentiate between cis and trans isomers of alkenes,

list the various fractions of coal obtained during destructive distillations of coal,
differentiate between Gem and vicinal dihalo alkanes,

diﬂ'ethtiaté'beﬁveén aliphatic and aromatic hydrocarbons and

apply the-idea of vesonance to explain the stability of different organic and inorganic
- compourids. ' ' N
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26.3 PREPARATION OF HYDROCA_RBONS

26.3.1 Alkanes (Paraffins):
Important methods of preparation of alkanes are as follows;

A. From Alkyl Halides : The organic compounds in which one hydrogen atom has been .
replaced by a halogen atom are called alkyl halides. Alkyl halides can be converted to
alkanes by three different methods. ‘ '

a) The Reduction of Alkyl Halides: The process of replacement of halogen atom of
alkyl hatides with hydrogen is called the reduction of alkyi halides.

Alkyl halides can be reduced to alkanes by:using: "

(i) A suitable metal and an acid e.g. zinc and dilute HCI
(ii) HI in the presence of red phosphorous

(iii) Catalytic reduction.

Zn + 2 HCl —— ZnCl, + 2[H]

Zinc Hydrochloric Nascent hydrogen
mid o

~ CH,Br + 2[H] —— CH, + HBr

(if) Hl in the pmsence of réd :phosph_orus.f-

_red Phosphorgs

. CHJ+ HI > CH,+1,
: 420K .
(iii) Catalytic reduction .
et + B, Pl o et e
.heat
CHCl + B, —CAAYSY o snar
heat

b) By using Grignard’s Reagent : Grignard reagent is prepared by reactmg alkyl halide

with magnesium metal in the presence of dry ether. Grignard’s reagent is used to prepare
a large number ¢f organic compounds iike hydrocarbons, ether, alcohols, carboxylic acids,
etc. This reagent is also called as a tool in the hands of a chemist.

CH,Br + Mg —PY BT | oy MeBe
Bromo Methane Methyl Magensium Bromide
- ' ' (Grignard’s Reagent)

CHBra—MgMP&r—-’CHMgm .
Grignard’s Reagent

Grignard’s reagent so formed reacts with the compounds containing active hydrogen and
form alkanes. Easily replaceable hydrogen present in the compounds is called active
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hydrogen. Active hydrogen can be obtained from (i) slcohols (i) water, © e

CH,MgBr + H,0 — CH, + Mg(OH)Br
{Methane)

C,H,MgBr + H,0. - C,H,+Mg (OH)Br .
’ {Ethane)

-

' CH,MgBr + C,H,0H - CH, + Mg (OC,H, )Br

% By Wurtz’s Reaction: The reaction, in which an alky} halide when reacted with sodium
#ietal in the presence of dry ether forms higher alkanes , is called Wurtz’s Reaction.

; W e e e e e ., DryEther - CH} _CH3+2NaBr .
Wethyl Bromide ' Ethane

e unsaturated hydrocarbons (Alkenes and alkynes) can be convertéd to alkanes by adding
Jydrogen to them in the presense of a catalyét like Nickel or Piatinum, S

CH, = CH+ 1y 0P, oy oy,

(Ethene) 573K (Ethane)
. CH=CH+2H, NPt | CH, —CH,

(Ethyne) 573K (Ethane)

This reaction is called hydrogenation, and it s used to prepare vegetable ghee from edible oils,

26.3.2 Alkanes (Olefins)

They are unsaturated hydrocarbons containing at least one double covalent bond between
‘two carbon atoms. In the laboratory alkenes are gencrally prepared either from alky! halides
-or alcohols,

(i} From Alkyl Halides : Alkyl halides are converted to alkenes by dehydrohalogenation.
The process of removal of halogen acid like HCI, HBr and HI from the adjacent carbon
-atoms of alkyl halides, when reacted with alocholic solution of potassium hydroxide, is
called dehydrohalogenation. - o ' '

CH, —CH, —Cl + KOH(ak) —» CH,=CH, + KC +H,0
ChloroEthane o ~ Ethene

o . . . . +CH3"*—CH2'—-—CH=CH2
2CHy — CH, —CH— CH, + 2KOH (ske) ——CH, ~CH=CH —CH,

Cl ' 2 Butane - : (Minor product)
" 2Chloro Butane =~ (Major Product) -

Saytzeff’s Rule : It states that when an alky! halide is reacted with alcoholic solution
of potsissium hydroxide and if two alkenes are possible, then the one which is more
symmetrical will be the major product.
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ot

H in an alkene the nmamber of hydrogen atoms attached with both the carbon atoms of double
bond are the same, then itisa symmetrical alkene. '

e.g.

wg*cnzf, CH,—|CH=CH|— CH,
g

Unsymimetrical Alkene ymmetrical Alkene

ii} From Alcohols : Alkenes can be prepared from alcohols by the method of dehydration
in the presence of a suitable dehydrating agent, such as: (1} ALO, (2) Concentrated H,50,

CH,—CH, —OH —22%_, CH, = CH, +H,0
Frhanol - 623—633K  Ethene

CH, —CH,0H 222504, cn = e, +H,0
Ethanol - 433K Ethene

Let us explaii the process. of occurrence (mechanism) of this reaction.
Mechanism: The dehydration of alcohols takes phace in three steps..

1.. -In the first step a proton is added to the alcohol because alcohols have a lone pair of

electrons on oxygen atom of —OH group.
H

| |-
CH, —CH, —O—H +H" g CH; —CH, —O*H

.2. The presence of posmvcly charged hydrogen on oxygen which is more clectronegalwe

weaken the bond betwcen carbon and oxygen due to which water molecule is
ehmmated
CH, —CH, — 0" —H —$25 CH, —CHj + H,0

3. The pf_bton ls lost from thc._adjace;it c.arbnn atom to that having ;;oéitive charge.
CH, —CH; — CH, =CH,+H"

As second step is the slowest step of the mechanism? 50 this is_"the'rhtc };l_etermiqing step.

Laboratory Preparation of Ethene

It is prepared in the laboratory by heating ethyl alcohol and conc. H,SO, at a temperature ;
of 443K (Fig. 26.1). The mixture of ethyl alcoho! and conc. H SO4 is taken in the ratic
of 1:2 in a round bottom flask fitted with a thistle funnel and a delivery tube whose other}
end is in water through which ethylene is collected by the downward displacement of water
Small amount of anhydrous aluminium sulphate and sand are added. Aluminium Sulphate;
catalyses the reaction and sand -avoids frothing during heating process. Ethene prepared]
by this method generally contains impurities of SO, and CO, . The impurities can be?
removed by passing through caustic soda solution. ]
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Total pressure, p

Ps

0 0.5
Pure B Pure A

Fig. 4.6: Dependence of partial
pressures on the composision

found to be (.065 amm. buppose, further a sample or
argon is pumped into a'second 1 litrg box and its
pressure is found to be 0.027 atm. If both samples are
now transferred to a third 1 litre box, the pressure is
observed to be 0.092 atm for the general case, Dalton’s
Law can be written as’ :

P@:PA+PB+PC+ ......

Wherep,, Pp. Por - are the partial pressures of gases
A, B, C, ...... respectively. The gas laws provide a
simple way of calculating the partial pressure of each
compouent;, given the composition of the mixture and
the total pressure. First we introduce the mole fractions
X, ad X;. These are defined as

X, =4 and x, =22
n

Where n, and n, are the number of moles of gas A and
B respectively and n = n, + ng.

Since . p,=n, RT/V, py=ng RT/Vand p=n RT/V,
it follows that

P,=X, pand Py =Xy p

This dependence of the partial pressures on the compostion is illustrated in Fig. 4.6.

/
‘This is an exceptionally useful {and simple) way of arriving at partial pressures when the
composition and total {measured) pressure of'a mixture of gas is known.

Example'4.6: Atmosphere is often considered mainly as a mixture of nitrogen and oxygen:
76.8% by mass of nitrogen and 23.2% by mass of oxygen. Calculate the pa:tlal pressure
of each gas when the total pressure is 1 atm.

Solutien: The number of moles of each component is

T, =76.8 2/28 gmol ™! =2.74 mol

Ro =232 g/32gmol™ =0.725mol

The mole fractions of the components are therefore

Xy, =(2.74)/(2.74+0.725)=0.791; X,, =(0.725)(2.74+0.725)=0.209

The partial pressures are therefore

given by

Pu, =0.791 x 1 atm = 0,791 atm

Po, =0.209 x 1 atm = 0.209 atm

INTEXT QUESTIONS 4.2

1. State and give the mathematical expression for:

(a) Avogadro's Law

.......................................................................................
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(b) Dalton’s Law of partial pressures.
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........................................................................................................................................

4.7 KINETIC MOLECULAR THEORY OF GASES
(ACCOUNTING FOR THE GAS LAWS)

To explain the behaviour of the gases theoretically, Claussius, Maxwell and Bollzmann
made the following assumptions:

(1) Gases consist of large nutnber of tiny particles caled molecules.

(2) The gas moler_:uli:s_arc so smali and so far apart that the total volume of the molecules

is a negtigible fraction of the total volume occupied by the gas.

(3) The molecules are in a state of constant rapid random motion coiliding with one another
and with the walls of the container.

(4) There are no attractive or repulsive forces between the molecules of the £as..

(5) The collisions of the molecules among themselves and with the walls of the containing
vessel are perfectly elastic, so that there is no loss of energv during collissions.

(6) The pressure exerted by a gas is due to the bombardment of the moiecules on the walls
of the containing vessel.

(7) The kinctic energy :of a gas isa measure of Kelvin tlemperature of the gas.

On the basis of this modet, it is possible to derive the following '.express-ion for a gas:
‘ 1 ,
pv = gmNE

Where p denates pressure, V denotes volume, m is the mass of a gas motecule, N is the
total number of molecules, and 7 is the velocity of the gas molecules. It is not just the
mean value of velocitics. It is the root mean square velocity {RMS velocity).

4.7.1 Root Mean Square Velocity

Rool mean square velocity is the square root of the average of the squares of all the
molecular velocities, Mathematically,

RMS Velocity = yf (12 +22 +...+on?) /N

Where ¢, ¢, ..., C a1 the molecular velocities.

4.8 GRAHAM’S LAW OF DIFFUSION

If we open a hottle of perfume in one corner of & room of burn an esseace stick we can
feel the smell of the perfume or the essence stick all over the room also. The smell of
perfume or essence stick spreads from one point of the room to the other. This free
intermingling of gases when placed in contact with each other is known as diffusion.
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Diffusion occures in liquids as well as in gases. Effusion is the escape of a gas through a
small hole, as in a puncture in a tyre,

The experimental observation of the rate of effusion of gases through a small hole in the
side of the containing vessel led Graham (1829) to formulate the following law:

At constant temperature and pressure, the rate of diffusion of a gas
is inversely proportional to the square root of its density. Graham’s
law is applicable to both diffusion and effusion,

- If the tife for 2 given volume of gas A to escape is ¢, while the time for the same volume

of gas B to escape is &, it follows, that, .
tylty = (rate)y, /rate), = fd,/d, where d, and dj are the densities of gases A and B
respectively.
'The ratio of the densities of the molecules is the same as the ratio of the molecular masses
of the gases at the same temperature and pressure.

Hence, t/ty = (rate)y /(rate), = d,/dy = M, /My where M,and M, are the
molecular masses of gases A and B respectively.

4.9 REAL GASES: DEVIATION FROM IDEAL GAS
BEHAVIOUR
In case of one mole of an ideal gas pV/RT = 1 for every value of p. Measured values of

PV/RT are plotted in Fig 4.7. In some cases {generally at low pressures) the value of pV/
RT is less than 1, while at higher pressures it is greater than 1. Can you explain why?

Ethene
Hydrogen
" Ammoniz
B~ Petfect
S
=%
i} Pressure
AN 1 1.
200 400 600 350 7060

p/atm :
Fig. 4.7 The dependence of pV/RT on the pressare for real gases
In 1873 van der Waals pointed out two reasons why the value of pV for a gas varies with.
the pressure at a fixed temperature. At high pressures the molecules are close together and
the volume taken up by the molecules is ro longer negligible. Thus, if V is the volume of
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the gas and the space occupied by the molecules is b, the compressible part of the total
volume is only V-b. (Fig. 4.8). S ' '

Again, if the molecules of a gas attract each other, 2 molecule in the interior will be attracted
equaily on all sides by other molecules, but this will not be true for a molecule on the
walls (Fig 4.9). The pressure of a gas is due t0 molecnlar impacts on the walls of the
container. The velocity of a molecule just about 10 make an impact will be reduced by the
attraction of molecules towards the interior of the gas. For a given mass of gas the number
of molecules striking the walls in unit time is inversely proportional to the volume V. also
the number.of molecules which:exert an attraction on a molecule just before impact is
again inversely proportional to V. We should therefore add to the observed pressure a term
depending on the reciprocal of V2. Hence, we can write the law for gases in the form -
suggested by van der Waals, that is, for ¥ mole of gas ' : '

(p+;,‘%) (V-b}=RT

‘Where a and b are constants.
. 1 - . ] :
R ) ) - 0
o Ot
o
, o, | O °';'.’%7
. Vv o
$ag 0 | " ° ‘ % :o °
O- Pe]
Oogoo , o] .
Oo [e e j . .
oY ago J . y

lﬁg. 4.8: Yolumv oecupled by compr essed molecules of a gas Fig, 49%: Force of atiraction hetween :
. molectiles in a gas :

410 LIQUIFACTION OF GASES -
- Any gas can be liquified at atmospheric
pressure if it is cooled sufficiently.
‘Many gases (but not all) can be .
liquified at ordinary iemperatures by
D Permanent gas compressing them.
Liquid The conditions of temperature and
pressure under which gases liquify

g _ were first investigated by Andrews in
Liquid and - 1869.

Andrews subjected CQ, to various
pressures at different temperatures and
48°C plotied the effect of pressure on volume
~3L1°C {Fig. 4.10). The curve obtained at a
. (i 21°C given temperature is called an isotherm.
T T NI As can be seen in the figure, at 43°C
> : the volume of the gas decreasad with

the increased pressure approximaiely in
Volume / m* _ accordance with the Boyle’s Law. At

Fig. 4.10: Isothermals of carbon dioxide 21°C, however, the volume first
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diecreases in accordance with Boyle’s Law until the pressure was increased to about 60
atm. At this pressure there was a sudden break in the curve and liquid carbon dioxide
appeared. The pressure remained constant until ali the gas had been converted into liquid.
Subsequent increase of pressure caused practically no change in volume. In accordance
with the general rule that extremely high pressures are required to compress liquids
appreciably. : :

Similar changes took plpce when the isotherms were constructed for temperatures below
21°C, except that the pressure required to liquify the gas became smaller as the temperature
decreased. Andrews found that tiquifaction could he brought about at all temperatures below
31.1°C, but above this temperature no liquifaction occured no matter how much the pressure
was increased. This temperature was therefore called the critical temperature for CO,.
The pressure required to liquify the gas at the critical temperature was called the eritical
pressure, and the volume of 1 mole of the substance at the critical temperature and pressure,

" the critical volume.

The temperature above which a gas cannot be liquified, however
large the pressure may be is known as critical temperature,

The table 4.2 contains values of the critical temperature and pressure for some common
" subsntaces,

y TABLE 4.2
Substance Critical - " Critical
. Temperature ' Pressure
(K) ( (atm)
Water, H,0 | 647 217.7
Sulphur dioxide, S0, - 430 71.7
Ammonia; NH, 406 1125
Hydrogen Chloride, HC1 ’ 324 81.6
Carhon dioxide, Co, 304 ‘ 73.0
Oxygen, O, 154 49.7
Nitrogen, N, 126 335
" Hydrogen, H, 33 - 12.8

INTEXT QUESTIONS 4.3

L. State the postulates of Kinetic theory of gases.

......................................................................................................................................

L D

4.11 WHAT YOU HAVE LEARNT

® Marter exists in three states, namely, solid, liquid and gases,

® The three states of matter differ in the relative closeness of the molecules constituting
them.

® There exists a definite relationship between the pressure, volume and temperature of
a gas. The gases obeying gas laws are known as ideal gases. ;
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"

@ Most of the gases deviate from the ideal behaviour The deviations of gases from ideal

behavidur i is due 10 the wrong assumptions.

] Gases can be liguified by increasing pressure only below the critical tempm’ature

4.12 TERMINAL EXERCISE

1

Draw the graphs of the fallowmg
4y PvsVatconstant T

b} 1/Vvspatconstant T

c) Tvs Valconstant p

What is thc volume uorupied hy one mole of a gas at STP?

The volume of a sample of a gas is 500 mL at a pressure of 1.5 atm. Ifthe temperaturc
is kept constant, what wiil be the volume of that gas at

Y T I OO OO PO OO PP SIS
(b)y S0atm?..

List the wrong assumption of kinetic theory of gases which led to vander Waals
equation.

‘Whal is the standard temperature and pressure?

PR PRI T ST T T TR T TR PR S P L LT L e Gk LA L b et
.......................................................................................................................................

.......................................................................................................................................

A sample of nitrogen gas weighing 9.3 g at a pressure 0.99 atm occupies 2 volume of
12.4 litres when its temperature is 55K. What do you expect its volume when the
temperature is 220 K? Assume pressure stays constant. .

T P TP L e L L LA L AL L AL b

Calculate the volumé“of one mole of oxygen at 27°C and 2 atm pressure, given that
the volume of oxygen at STP is 22.4 litres.

........... P P e L R L L e e R R AL A A LA L E b b

* CHECK YOUR ANSWERS

INTEXT QUESTIONS: 4.1

1.

(a) Please refer to section 4.4.1
(b) Please refer to Section 4.4.2

At higher altitudes, the atmospheric pressure decreases. Thus the relative pressure 1 inside
the balloon increases and so the volume of the weather balloon increases.

Please refer to section 4.4.3.
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INTEXT QUESTIONS: 4.2
1. {a) ‘P]easé refer to section4.4.4 _
(b) Please refer to section 4.5

2. Dalton’s law is not applicable to a system of hydrogen and oxygen because it is only
applicable to a mixture of non-reacting gases. ‘

3. The three different values of R are:
~ 0.082057 L atn/mol K; 8.314 J mor? K1 1.987 cal mol-! K1

INTEXT QUESTIONS: 4.3
1. Please refer to Section 4.7

2. Please refer to Section 4.10
TERMINAL EXERCISE

L. (a) Please refer to Section 4.4.1

(b} Please refer to section 4.4.1
(¢} Please refer to Section 44,2

2. 224 hitres
3V, =500ml V,=1
py=15 atm p,;=1atmand 5 atm

Substitute the values of p and ¥ in the equationp, V, =p,V,
@ pVi=p,V,

15x500=1x V,

or V= 1.5 x 500 = 750 mL
®) p,v, =p,V,

L5x 500=5x V,

: L3x500

or V= ==

=150 mL

4. The following wrong assumptions of kinetic theory of gases led to van der Waals
equation;

(i) The gas molecules are so smalf and far apart that the total volume of the molecules
is negligible fraction of the total volime occupied by the gas.

(if) There are no attractive or repulsive forces between the molecules of the gas,
5. Standard temperature is 273.15 K and standard pressure is 760 mm Hg or 1 atm.
6. The lowest possible temperature is zero kelvin,

7. A gas cannot be liquified above its critical temperature, however laige the pressure
may be, The critical temperature of C0, is 31.1°C and so CO, can not be liquitied at
35°C.
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8, V,=124LV,=?

or

V,=224LT,=213K

T,=55K T,=220K

v,V
Substitute the value of ¥V and T in the eqn. 'T',l' = ?2
. ' i 2
124L_ V)
55K 220K
12.4Lx220K _
o V, ="K =49L
v,=?  T,=21°C=27+213=300K p,=2atm

p,=1 atm

Substitute the value of p,V and 7' in the equation

Y. _ oV

L T

XV,  Ix22.4

00 273
X220 _ ) 0y

2x273
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