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Chapter @ States of Matter
and

Phase Changes
:

After studying this chapter, students will be able to: . %

» Explain changes of state and internal energy with change irg’pﬁrature {melting,
boiling, freezing, condensation, sublimation and depositioﬁj\%%s of kinetic particle
theory.

+ Distinguish between evaporation and boiling. _

* Interpret heating and cooling curves in terms of ki ot

« |Interpret in terms of kinetic particle theory
and volume of a gas on the other two w
Avogadro's Law.

+ Explain qualitatively the effect of exl

Student Learning Outcomes

diffusion

physical states namely gas, liquid, solid
states the properties of gases were studied first. It
was suggeste 1 properties of gases such as their ability to compress
or expand%p% fiffuse utct be understood by assuming that these gases consist
of particles which are continuously moving randomly. This idea then led to
n of kinetic particle theory for gases.
inetic particle theory not only explains all the laws which govern the
“behaviour of gases, it also explains the composition of liquid and solid states of
matter and the interconversion of all the three states. This is natural because all
the three physical states are distinct in their physical properties only while their
chemical nature remains the same. For example, water in all its three physical
states remains chemically the same compound.

According to kinetic particle theory gases are composed of particles
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which are in a contlnuous state of random motlon in aII the pOSSIb|e directions.
The pressure exerted by a gas is due to the collisions of its particles with the walls
of the container. Since the pressure of a gas in a container does not change with
time at constant temperature, it is assumed that the collisions between its
particles do not involve any loss or gain of energy due to friction. The attractive
forces between the particles of a gas are assumed as negligible since the
are widely apart at low pressure. The average kinetic energy of the panti

directly proportional to the temperature measured on kelvin scale verage
kinetic energy is the same for all gases at the same temperature N\

According to kinetic theory, the particles in a liquid %}e close to one
another, They are also moving in all possible directionss aﬁe%ult the particles of
a liquid do not have any fixed position and fixed sha fing to the presence of
inter-particle forces, however, a liquid has a fixe and it keeps its level as
well. In a liquid, the particles show all the thrég%ty es of movements.

Solid substances may consist ofl a%ms and molecules. According to
kinetic particle theory the inter-par \orces in the solid substances are so
strong that they keep their partic @ fixed position. These particles
possess vibrational motion o THINGS

restricted movements force ang
to have a fixed shape and@xvol‘{?e

Molecules present in a gas and a liquid

_ show all the three types of movements

ﬁ;} '“ simultaneously namely, translational,
rotational and vibrational.

13.1 Interna

The : of a substance is the total energy it contains. It
inclu the kinetic energy of its particles and the potential energy due to
b%n@ etween them. Heat increases the internal energy of a system.

1. Whatistranslational motion?
Is the average kinetic energy possessed by the particles
ofa gas and a liquid, same at the same temperature?

13.2 Interconversion of Physical States

[ Conversion of a Solid into a Liquid (Melting) )
The physical state of a solid substance can be changed by simple heating.

. Chapter-13
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Heat increases the kinetic energy of the particles and they start vibrating at a
higher frequency. At a particular temperature their vibrational motion becomes
so fast that it overcomes the cohesive forces. As a result the solid starts melting
and this temperature is called the melting point of the solid. At the melting
point, the particles of a solid not only lose their mean positions but the
arrangement as well. The solid collapses and turns to a liquid (Figure 13.1) (__

Heating a solid below its melting point | D)
increases its kinetic energy and hence its
temperature that weakens the force of attraction
between its particles. Further heating the solid after
it has started melting does not increase its | #§
temperature. Instead, all the heat energy prowded P!
at this moment is utilized to convert the solid i |n_\‘
liquid. P 4
[ Conversion of a Liquid into a Qﬁ{%llmg) | |

The molecules of a liquid keeﬁon Cbi'nlng out from the surface of a liquid
at all temperatures and such an escéﬁe of ﬁi&gecules from surface is called
Evaporation. Heating a liquid chré”ases tbfa r‘me'clc energy of its molecules and
so does the process of evap@?ptlon H’ea‘l;mg the liquid further, increases the
kinetic energy so much.that the m;er-partlcle forces are weakened to a large
extent, At this pomt‘thg ﬁy”bbleg S,ta‘i‘st coming out of the liquid at a rapid pace. At
this stage if the y@p@?xr pressuré of the liquid becomes equal to the external
pressure, the Itqu[i“d star‘-f§ a ":ﬁjrfg The temperature of a liquid at which its vapour
pressure- bgeomes equa‘l %0 the atmospheric or external pressure is called its
boiling- pomt
At the boiling point, the heat provided to the liquid is used to convert it
‘-iﬂt@ gaseous form and during this its temperature remains constant. In other
“Words, the heat provided is used only to break the forces of attraction between
its particles.

Flgure 13 1: Meltlng of ice

[ Conversion of a Gas into its Liquid {Condensation) ]

When a gas is cooled, the kinetic energy of its molecules decreases, as a
result the molecules come closer with a significant force of attraction between
them. At a suitable lower temperature the increased attractions bring the

\ Chapter-13
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molecules so close that they are Ehanged into a liquid form. This is called
condensation. During this transition the temperature of the gas remains
constant until all the gas is changed into its liquid.

13.3 Evaporation and Boiling

When water is taken in an open container at normal external pressure,
vapours starts coming out of its surface silently and steadily. It is show

decrease in the level of water surface in the open container.
evaporation and it is known to occur at all temperatures.

Increasing the temperature of water increases the rat
because the number of water molecules escaping the su :
temperature will keep on increasing until a stage wi
molecules acquire the maximum value of kinetic ener:
The heat which is provided at this stage will be dtilized to change the liquid water
into gaseous water while keeping the tempétature of water constant. This stage
is called boiling. The whole process is being carried out at constant atmospheric
pressure. o

evaporation
increases. The
at which the water
gy while in a liquid state.

ion and Boiling
_ Boiling
A phase change when a liquid turns
into a gas throughout the entire
liquid forming bubbles, at a definite
external atmospheric pressure.
2. It occurs at a specific temperature
at normal pressure and called the
boiling point.

Evaporation
1. It is a surface phenome
occurs slowly and ,er

surface of the lig

mperature and vice versa.
roduces cooling. It does not resultin cooling.

t requires a smaller amount of [|4. It requires an external energy
energy which is provided from source.

inside the liquid.

e
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Effect of External Pressure oh the Rates of
Evaporation and Boiling

Rates of both evaporation and boiling are affected by the variation in the
external pressure to which the liquid is subjected.

Rate of evaporation tends to increase by the decrease in external Rressure
and vice versa. If a liquid is in an open contalner most of the moleeufes that

evaporation difficult.
When a liquid boils, bubbles are formed |n51de the*contalner which then
rise to the surface. At this stage, the temperature of the liquid remains constant
till all the liquid boils over. This temperature is\caled the boiling point. If you
measure the boiling point of water at
Karachi it will be 100°C. However, |fy9‘u[
will measure this boiling pom
Murree it will be 98 °C. The atmospherlc
pressure at Murree is lower than thating C
Karachi, so we find that the b0|I|ng _
point has decrea&ed at lemer el B
atmospheric pressur A\

-

1 atm pressure 2 atm pressure

Lower Higher
BP Figure13.2 B.P

134 § Suhmatlen

The direct conveérsion of a solid to vapours without melting is called
subhm‘a«tlen For example, solid carbon dioxide which is also called dry ice,
r‘fges directly to gaseous carbon dioxide at room temperature without first
“m flng to liquid state. Another common example of sublimation is the
disappearance of naphthalene balls which are used to keep the insects away
from the woolen clothes. Just like evaporation, the energy needed for
sublimation also comes from within the substance which then absorbs energy
from the surrounding. This energy is sufficient to overcome the attractive forces
of the neighbouring molecules which then escape into the vapour phase.

Chapter-13
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[ Deposmon]

The process reverse to sublimation is called deposition where a gas
changes directly to a solid without going into the liquid state. Formation of frost
inwinter season is an example of deposition.

1. Does the change in temperature occur dunng the
process of evaporation?

) 2. Doesicesublime?

3. Give one example each for sublimati d
deposition other than mentioned in thﬁ@

| Pressure —Volume Relationship (Boyle's

According to Kinetic Theory, the pressu‘&a@xerted by the gas in a
container is caused by the collisions of its eﬁules with the walls of the
container. The pressure changes dlrectly wﬁﬁgheanumber of molecules colliding
with the wall per unit of time. When tp pre§sure on the given mass of a gas is
increased at constant temperaturew@ﬁw T ‘decrease the distance between its
molecules and the volume of ga il aléo dec%%e If the volume of the gas will
be reduced to one half of its ng’inal veiﬁ%e it will double the number of
molecules per unit of voluméfiénce théﬁi}mber of collisions per unit of time on
the same area of the suﬁé&e WI|| o be doubled. As a consequence of these
collisions, the pres ;}il also be doubled. These observations form
the basis of preséh -"volu relationship first observed by an Irish chemist,
Robert Boyle, is calle,d%we s law. The law states that the volume of a given
mass of &' ga,sas inversely ﬁ"*oportlonal toits pressure at constant temperature.

Mgthematlcally Bbyle s law is written as:

Ve 1 (V is the volume of given mass of gas
P and P is its absolute pressure)

Experimental verification of Boyle's law

Robert Boyle proved this pressure-volume relationship by performing a
simple experiment. He used a simple J shaped tube and sealed its shorter limb
as shown in the Figure 13.3. He then poured a small amount of mercury
through its open end until it just trapped the air in the sealed end. Since he used
a small amount of mercury it did not squeeze the air inside the limb and it was

. Chapter-13
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now at atmospherlc pressure (760 mm Hg)
Boyle then added more mercury until the
difference in the height of the two columns
of mercury was close to 760 mm. This | 1rapped Air
mercury exerted the extra pressure on the
entrapped air which was now about 2 | v,]
atmosphere { 2 x 760 mm). When he read
the new volume of the entrapped air it was
one half of the initial volume. During the
experiment the mass of the gas remained
fixed and the temperature also did not '
change. By doubling the pressure, Boyle had reduced the volume by one half.

[ Temperature - Volume Relationshi ﬁy;les s Law )

According to kinetic theory, if tem ure of a gas increases, it increases
the average speed and kinetic energy i molecules. An increase in average
speed results in more frequent a ~ er collisions with the walls of the
container and hence its pres 4 |
increases. If the pressure of th
is kept constant, the increas& in

temperature must m{:éase th& i S
am ra re 4
volume of the ga: S @ P Piston p

visualized eaSIIy lsméh a ' b Volume l

Figure 13 - ion of Boyle s law

- ﬂ Pressure

cylinder
attached:~

Fig__ure 13.4: Charles’s law

\ain constant (Figure 13.4).
French scientist Jacques Alexander Charles summed up these
observations in the form of a law which is called Charles’s law. The law states that
the volume of a given mass of a gas varies directly with temperature when
pressure is kept constant. The temperature must, however, be measured on
absolute orkelvin scale.

Mathematically,
Vo T (Pand mass of gas are kept constant)

. Chapter-13
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[Avogadros Law ]

According to kinetic theory, the pressure exerted by a gas is due to the
number of collisions of its particles per unit area. This, in turn, depends upon the
number of particles and their speed.

If you have two containers containing the same amount of a gas at the
same temperature and pressure, and you increases the amount of ga@Ji:t one
container. Naturally the pressure of the gas in this container will increa 'Eﬁkeep
the pressure constant the volume of the gas must increase. Th;g la e’r volume
compensates for the increased number of particles, ensurﬁﬁ@«tﬁe pressure
remains the same. Therefore, at constant temperature an@»peé’ksure a greater
number of molecules simply requires a larger volum‘%%&ﬁtamtam the same
pressure.

These observations led Avogadro to ¢ g
formulate a law which states that ethl Vith the help of kinetic particle
volumes of different gases must conta“iw %n"“theoryexplam

(Il Howdoesa gas exertpressure?
equal number of molecules if the tem‘bﬂgra\taﬁfe i dee i voliree ot o Gtk

. <9;
and pressure are kept constant. ;; )V ( change when its temperature is
Mathematically Avoggdrés's Iavw decreased? (Pressure and mass
written as: ( ‘“”*»».} ﬁ‘_i;_c}w constant)

Vo mg(%t constant temperature and pressure)

'|f§u5|on When a bottle of body perfume is opened in one corner of a
gﬁi}s"s'weet smell slowly spreads throughout the room after sometime due to
~ ﬁl‘ﬁpmcess of diffusion. Figure13.5. shows the diffusion of hydrogen gas from
one container to another one. Diffusion is a spontaneous process during which

gas particles spread out.

%(c)gg%h a0 002 a°%90  snmetime after
6o © G50 PR 0
% E Stopeock g%oﬁm& ooo Stopcock o%:éo cmﬁmo oo Stopcock

vl dosed & £ "oocc® opened g2 D Q%%pc opened
Figure 13.5: Diffusion of gases

. Chapter-13
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The difference in the rates of diffusion of gases can be explained with the
help of kinetic particle theory of gases. According to the kinetic theory,
molecules of all the gases possess same average kinetic energy at constant
temperature. Since hydrogen is lighter than oxygen its molecules will move
faster than oxygen at a given temperature. The rate at which hydrogen gas will

diffuse is thus much faster than that of oxygen. 8

Rate of diffusion increases with the increase in temperatuqe s the
particles have more kinetic energy and hence they move faster. '_l'his €
leads to rapid mixing and spreading.

Activity ‘ Ea Different gases diffuse at differe

Two cotton plugs soaked in hydrogen chloride gas and ammonia
solutions are introduced in the open ends 00 cm long glass tube
simultaneously as shown in Figure 13.6. The ases produce white dense
fumes of ammonium chloride at the vhich they meet in the tube. HCI
molecules travel a distance of 40.5 crrwhile/ammonia molecules cover 59.5 cm
inthe same duration. ﬂ

\ igure 13.6: Rates of diffusion of gases

\ .g;;@us ammonia diffuses faster than hydrogen chloride gas because it is
. Nighter than hydrogen chloride gas.
s

1. Which gas among the following will diffuse at the fastest speed and which will
diffuse at the slowest speed under similar conditions of temperature and pressure?
NO, SO, H,S
2. Explain with the help of kinetic particle theory why does ammonia gas diffuse faster
than hydrogen chloride gas?

Chapter-13
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o Multiple Choice Questions

Choose and tick the correct answer from the given choices.

,‘Me:

*‘%&

"ﬁw%

According to kinetic theory, the basic difference between solid, |I@iﬁ>and

gasis dueto: (:“%\M
(@  thedifferenceinthe movements of the particles. «~ \

(b)  thechemical properties of the particles. f‘z\“f‘

(©)  thesize of the particles. 2 (;%ﬁ%

(d)  theshapeofthe particles. ef"%{f*’*""

Upon heating the rate of evaporation:

(@  decreases :‘e ]

(b) increases jﬁ;

(0 remains the same h
(d) initially decreases and gh% ncreases upon further heating
The inter-particle attractlom the strongest in:

@  Solids (b), L.é%uds A N Plasma  (d) Gases
Cooling the vapours ga‘aﬁme ga§es %\énge them directly into solid state.
This phenomenon, Ligfﬂféd J

(@ eva poramh fi\ (b) condensation

(©) sublin *&%reh \W’ (d)  deposition

Phy5|cal s@’f‘égh whmﬁi‘%@e particles possess the maximum energy:

(a) @3 \%( ) Liquid (c) Gaseous {d) Vapour

Hov&r&oes the ﬁocess of evaporation depend on the force of attraction
ﬁgsent among the molecules of a liquid?
a) Iltdecreases with the increasing strength of attraction.

(b}  Itincreases with the increasing strength of attraction.

{c} Itisindependent of the strength of the force of attraction.

(d) [Itfirstincreases and then decreases with the increasing strength of

the force of attraction.
Which gas will diffuse at the fastest rate?
(@ HC (b) SO, () H,S (d) CO,

. Chapter-13
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A student noticed frost falling on the ground at 6:30 am and dlsappearlng
by 8:30 am. Which phase change was responsible for changing the frost

into water vapours?
(a) Melting (b) Evaporation
(© Sublimation (d) Deposition
 Short Answer Questions Ot

13.1
13.2
13.3
13.4
13.5

13.6
13.7
13.8
13.9

13.1

13.2
13.3
13.4
13.5

Q Dt_f_-scrlptlve. Questions

From where does the energy come when a liquid evapora%o
Is condensation an endothermic process?

Why naphthalene balls (used to repel insects) dis Q%Fter sometime?
Is it possible to compress a liquid like a gas? ’{

Can you change the temperature at which \viboils in an experiment in

your lab? k
In which season the wet clothes get % rarelatively longer time?
When a solid is heated, what ha@o ts particles which are vibrating?

Do solids and liquids also diffusejustfike gases?
Why dew is formed in the eérly hot m\®mornlng?

Differentiate bet\aeq ep tionand boiling.
Describe how, @19 is relatéd'to the external pressure?
Whythep of eu&ﬁ tion does not need the input of energy?

Why ic ressure is exerted on it?
Why& ase es occur?

Explain the difference in the rates of diffusion of two gases based on
kinetic theory.

. Chapter-13
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Chapter @

Student Leaming Outcomes

After studying this chapter, students will be able to: o

Stoichiometry

« Use the molar gas volume, 24 dm® at room temperature and pressure, in_ dlctlations
mvolvmg gases

. (i) reacting masses, limiting reactants,

. (m) volume of gasses atRT.P.

conversion between cm® and dm?®)
» Calculate empirical formula and molecularformyt”a from appropriate data

» (alculate percentage yield, percentage comp‘bmtlc?n by mass and percentage purity from
appropriate data. 2 \)

14.1 Molar Volume _

The volume of a gas
order to compare the volume\s mccupled by different gases, we must adopt a set
of standard conditions. t—}f femperg‘ture and pressure called room temperature
and pressure (RTP). ACmrdlngly, ES?C (298.15K} and one atmosphere (760 torr)
are used as stan@a&rgxondlﬂans of temperature and pressure for measurement
of volumes of ga‘se‘s at) ogm témperature

It haaheen fouﬁd_that one mole of all gases occupies a volume of 24 dm®
at RTP{rhls is called molar volume. It is worth noting that ene mole of each gas
lcantamé the same number of molecules, occupies the same volume and at the
‘same time has different mass. In other words the masses and the sizes of the

molar volume is useful because it enables us to calculate the number of moles or
masses of the gases if we know theirvolumes.
14.1 Example )

Calculate the number of moles of nitrogen gas present when it occupies a
volume of 2.5 dm® at RTP.

%—_—_—\ . Chapter-14
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Solutmn

1
—
3
Q
)

24 dm’ is occupied by how many moles of nitrogen

1 dm’ will be occupied by how many moles of nitrogen

2.5 dm’ will be occupied by how many moles of nitrogen 24 X\Zé

- ojb@e

You can use the following equation as well to solve this probl

Volume of the gas at RTP \

No. of moles Qf 4935 = "Molar volume of thﬁa@

14.2 Example D

Calculate the volume of 0.5 mol of hydrogen

(1)

plume of hydrogen
\%24
gen =® 4 = 12dm’

carbon dioxide at RTP.

Apply the equation (1)

Volume of %
14.3 Example

Calculate the volume ocgc(gy 200
\0 ¢

No. of mo youme
ar Volume

N&ume o. of moles x Molar volume

Mass
Si f I 14.1 Quick Checkl
m(@ moles Molar Mass G Kle ;

@ Mass | | Calc.ulate the samount of
Volume = -y X Molarvolume - co,in 100dm?atRTP?
200 g
4449

14.2 Concentration of a solution

Concentration of a solution is a measure of the amount of solute that has
been dissolved in a given amount of solution or sclvent. The amount of solute

%—_—_—\ Chapter-14
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dissolved is expressed elther in grams or in moles whereas the quantity of
solution is expressed in terms of its volume, dm® orcm’.
The unit used for the mass/volume concentration is then g/dm’ while for

the molar concentration it is mol/dm?’.

14.4 Example ) _
Calculate concentration of a solution in g/dm® which contains 20 g @um
chloride dissolved in 0.2 dm® of water. Q

X

Mass of solute in gram ~T

Concentration ~ Volume of solution W@J
20
- — = 100%@
0-2

dissolved hydrogen chloride.

14.5 Example )
500 cm’® of hydrochloric acid contains Q’&

Calculate the concentration of the acid

Volume of hydrochleric ac@) *i“f:} ._ 000

Concentration of hy,dg&ﬁionc @ = 3.6 g/dm’

EPoint to note \

14.6 Example{%&alc ‘* the mass of copper

Molar concentration

sulphate i » diss olvee and molarity both refer
N }s ' : a solute in a solution,
*6? solute in gram = Concentration in g/dm® x volume in dm’
%’*’% =15x2 = 30g
14.7 Example )

A solution is prepared by dissolving 10 g of NaOH in 1.2 dm’ of water. Calculate
the concentration of the solution in mol/dm’.

%j____—\ Chapter-14
Stoichiometry 14 } Chemistry - X TECH




Amount of NaOH

10

No. of moles of NaOH =——— = 0.25mol  What mass of CuSO, is
04§ present in 50 cm’ of a
25 -2 3
Concentration of the solution = 2 =10 mol/dm
1.2 agqueous solutm!‘%~
= 0.21 mol/dm O

[Percentage Composition by Mass | |

Percentage composition of a compound ref rs?&\e percentage mass of
each element present in the compound. The e%\age of an element in a
compound is the number of grams of that present in 100 grams of the

compound. The percentage of an elem be determined by applying the
following formula.

e
the ¢
Percentage of an element = 00 s anasadP)
O Forr%ass of
the compound

Percentage ¢ mﬂo@:seful concept to determine the purity of a
compound and i Q}mca olecular formulae. Percentage composition of

a compou @ ned both theoretically as well as by performing
quantlta alysis. llowing examples will illustrate both these methods.
ple )

w the percentage composition of Ca(OH),

Solution:

Formulamassof Ca(OH), = 40+32+2 =74
Applying the formula given in equation (2)

Mass of the element

in the compound
Percentage of an element = x 100

Formula mass of

the compound

%j_._.—\ —— Chapter-14
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40
Percentage of Ca =y ¥ 100 =
32 The compesition of all
Percentage of Oxygen = T 100 = 43.24 % the chemical products
5 which are in our daily
Percentage of Hydrogen = x100 = 2.70%  use suchas
74 shampoos, cleaners,
soaps, pe d
fertilizers are formed
using 5 @‘ ometric
14.9 Example ) e L g
h gave 5.217 g of

8.657 g of a compound were decomposed into its eleme
carbon, 0.962 g of hydrogen and 2.478 g of oxygen.’ggd out the percentage
composition of the compound.

Solution:

Applying the following formula
%100

Percentage of element

x 100 = 60.26%
——==——x 100 =11.11%
00/ g

.—g x 100 = 28.62%

Empirical Formula
The formula which shows the simplest whole number ratio of atoms
present in a compound is called empirical formula. For example, empirical
formula of hydrogen peroxide (H,0,} is HO, that of water (H,0) is H,O and for
benzene (C;H,) is CH.

All the ionic compounds are represented by their empirical formulae.
These formulae show the simplest ratio present between their ions. The formula

%———\ -~ Chapter-14
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of sodium chloride{(NaCl) represents the simplest ratio between sodium and
chloride ions present in it. Similarly the formula of calcium chloride (CaCl,) shows
the ratio present between calcium and chloride ions.

Since an empirical formula does not tell us about the actual number of
atoms present in that compound rather it represents the simplest ratio of
minimum ratio between atoms, it is possible that some compounds may_have
same empirical formula, For example, both acetylene (C,H,) and benze“e (C.HY

have same empirical formula CH. In the same way acetic acid (CH‘"‘ 'bH) and
glucose (C;H,,0,) also have the same empirical formula CH,O.

Empirical formula of a compound can be calculated "__‘rowmg the steps

shown below. A\

I. Determine the percentage composition ofth.g compound

. Find out the number of moles of each elemént This is done by dividing
the mass of each element (percentag€ of éjement) by its atomic mass.

iii. Determine the atomic ratio of each*element in the compound. This ratio
can be found by dividing the/t umbEr of moles of each element by the
smallest number of moles,g"’ >

iv. If the atomic ratio obtalned Is, smplewho[e number, it gives the empirical

formula, otherwise rmﬂt{,p?Iy this fatip with suitable digit to get the whole
number ratio. O\ 2

V. Use this whale(T meen raﬁisa ‘as a subscript for the elements to get the
emplrlcal for

14.10 Exa:e;@) ’

The percéntage comﬁ'&g? ion of a compound shows it to contain 25.26% Mg and
4% Chlorine. Find out its empirical formula.

"fhange the percentage of elements to grams Quick:
“ Mg = 2526% =2526¢g Cl =7474% =7474g A 059 sample of

compound contains

2. No. of moles of each element ?S‘Sa 9;23(;‘;;“"“3;
and 0082 g o
Mg = ﬂ = 1.05 Cl = ﬂ =210 oxygen. What is the
24 35.5 empirical formula of
the compound?
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3. Atomic ratio of each 'elemeht

1.05 1.05
R The empirical formula of magnesium chloride is MgCl,. 7
14.11 Example D

The percentage composition of an organic compound by mass is 64. 8%2%130
14.62% hydrogen and 21.58% oxygen. Find outits empirical formulao

| solution: __J

1. Change the percentages into grams

C = 648% H = 1462%
= 648¢g = 1462¢
2. No. of moles of each element
C = 648 =54 H = 14_52=1452 0O = 21;58=1.35
12 1 ,~ N\ 16
3. Atomic ratio of each element  , )
5.4 135
C =— =4 H = /A7 0] =1
1.35 135

\ The empirical foﬂgula of gié&pmpound is C,H, 0. /
[ Molecular Formulﬂ ”

Molecular formufa of an element or a compound represents the actual
number of atoms pres'ent iny ;he molecule of these substances. Water, hydrogen
peroxide, ethylene and sulphur have molecular formulae H,O, H,0,, C,H, and S,
respectlvely Mcﬂecular for‘mula of a compound can be calculated by multiplying
a whole- number with the empirical formula of that compound as shown in the
fQIIowmg equation.

§ Molecular Formula = n (Empirical Formula}
Molecular Mass
Empirical Formula Mass

Where n=

14.12 Example)

Benzene is represented by its empirical formula CH while its molecular mass is 78.
Find out its molecular formula.
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Empirical formula of benzene

Stoichiometry is

Empirical formula mass of benzene = 12+1=13 el to (oot
Molecular mass of benzene = 78 the optimal
N = 78 dosa.ges. of |
13 maetdlc:tlc;n Q
Therefore,the molecular _ g (Empirical Eh 1SS DETag
formula of benzene formula) 5 'rw :
= 6xCH=CH,

& So molecular formula of benzene comes out to b*c‘%ﬂ }

14.13 Example D

Glucose has an empirical formula CH,O and its
What will be its molecular formula?

Empirical formula of glucose

An unknown
= 30 hydrocarbon contains
85.71% carbon. Its

Empirical formula mass of gluco

moelar mass is 84 g/mol.
What is its molecular
formula?

Molecular formula of ghJeose f%a 6 (CH,0) = GH..0,

R Soculakf%&m%ﬁla of glucose will be C.H,,0,. 2

emical Equation ]
.. andhbalanced chemical equation tells us the mole ratio or

) between the reactants and the products. With the help of this ratio we

masses of the reactants from the given masses of the products.

For example, the following equation tells us that one mole (100 g) calcium
carbonate reacts with two moles (73 g) of hydrochloric acid to produce one mole
{111 g) of CaCl,, one mole {18 g) of water and one mole (44 g} of carbon dioxide.
«CaCO, , + 2HCl,, —> CaCl,,, + HO,+ CO,,

1 mole 2 moles 1 mole 1 mole 1 mole
100 g 73g Mg 18 g 44 g
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Why itis necessaryfor a chemical equation to be balanced before it can be used in calculation?

14.14 Example )

25 g of lime stone (CaCO,) react with an excess of hydrochloric acid according to
the above equation. How much calcium chloride {CaCl,} will be produced?

According to the equation

100 g of lime stone react to produce calcium chloride

1 g of lime stone will react to produce calcium CFK |

25 g of lime stone will react to produce calciul

14.5 Limiting Reactant

ed' chemical equation. Most often in
experimental works, one or morereatiants is /are used in large excess. This is
done deliberately to ensure that the(e | e reactant is used completely.
h’is.used in.excess is left behind at the end of the

reaction and the other reactant Tied completely.
This reactant whiéﬁﬂs coned earlier is called the limiting reactant. In
gtant ontrols the amount of the product formed

ina chemlcal reaction,” 1

|How to ldent ?tlngkeactanﬂ
A i reactant present in a chemical reaction can be identified by

ut the following steps.

‘LCalculate the number of moles of the reactants from the amounts

provided-

Calculate the number of moles of the product which will form with the

given moles of reactants.

3. Identify the reactant which gives the least amount of the product. This
reactant will be the limiting reactant.
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14.15 Example )

Calculate the amount of carbon dioxide in grams produced when 25 g of glucose
reacts with 40 g of oxygen in the following photosynthesis reaction.
CH,.0; + 60, , —> 6CO,, + 6H,0,

Glucose

« 1
\\\‘% ;—-:::_- -

In order to find out the amount of CO, in this reaction, we will have&ga Lﬂentlfy

which of the reactants is a limiting reactant
1. No. of moles of the reactants

No. of moles of glucose = .
180

No. of moles of oxygen = 0 .

32 .\ e .
2. Calculate the no. of moles of CO,, which'’ wru be given by 'f you react 100 g of
h ofth ctant h th { i chlorine gas with 500 g
gachiprherenctants asghown I eégug Ion of Kl, which reactant
1 mole of glucose gIVES m%gn,éhs 0f{0 will be the limiting
reactant?
Clg + 2Kl yy—>
KCl*+ g
= 6 moles of CO,
x 1.25
= 1.25 mol

Since CO, Ciblalned frdm glucose is less than that of oxygen, so glucose is the
Ilmltlhg”rgadant

=083 x44 = 365g

The quantity of the product obtained when chemical reaction is
performed is called the actual yield. This yield is always less than the theoretical
yield. The theoretical yield is the amount of product which we calculate assuming
that all the reactants react according to the balanced chemical equation.

A chemist is usually interested in the efficiency of the reaction which is
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| commonly expressed by comparlng the actual yleld with the theoretlcal yleld
in the form of percentage yield. Percentage vield is calculated by applying the

following formula. )
Actual yield

Theoretical yield *108

Percentage Yield =
14.16 Example )

A chemist reacts 50 g of Zn with excess of nitric acid to get 80.2 g 6&92.
Calculate the theoretical yield and the percentage yield of this reacti@

1. Balanced chemical equation for the reaction o~
Zng + 2HNO, ., —> Zn{NQ,),,. AH,%

2. No. of moles of Zn

Amount of Zn(NO,),
[ Theoretical yield ]
According to the balanced chemical,
1 mol of Zinc gives

0.76 mol of Zinc gives ¢
Amount of Zn{NQ,), i

[Percentage yield |\ { |
e ] m _ Actual yield 100
age ~  Theoretical yield X
SO
XA = 235 X100 = 557%

14.8 Quick Check! |

¥ e

Find out the theoretical yield and percent yield of oxygen generated by
" heating 40 g of KCIO, (M = 122.5}. The mass of oxygen gas produced is 14.9g
2KCIO, ,—2KCl , + 30,

Percentage Purity

In chemistry, purity refers to the degree to which a substance is free from
impurities. Percentage purity of compound indicates the amount of pure
compound present in an impure sample. Percentage purity of a sample is
calculated by the following formula.
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Mass of the pure sample
Total mass of the impure sample X

Percentage purity =
14.17 Example )

12.0 g sample of a pharmaceutical product was found to contain 11.57 g of the
active drug. Find out the percentage purity of the sample.

Mass of thé pure drug

Percentage purity = Total mass of sample
11.57
= 55 x100 = 964% ,

J  EXERCISE | 2\%

Choaose and tick the correct anﬁ §rom the given choices.

1. Volume occupied by 15 moles of &ggn%onla gasatRTP:
(a) 224dm’ (b 160.dn” " (0 360dm’  (d) 265dm’

2. How many moles of natlfrg%lf gas CH}Q;_Ebe present in a cylinder if its
volumeis18dm*atRTP%, ~ €/
(a) 0.75mol (Ej b 67 moF (c} 0.85 mol (d) 0.56 mol

3. Whatwill the molqr concentrtion of potassium hydroxide solutionif2.0g
ofitare dlssolyédjn 10%@3 of solution?
(@  0.3pGgldm’s ()  0.53 mol/dm’
© . P ?bvmoll rﬁﬁ (d)  0.45mol/dm’

4, What”a«vﬁl’i)e tﬁe%‘:m%ss of NaCl needed to make up 15 dm’ of its solution
ith a concentration of 0.7 g/dm*?

& m"(a}f21g (b) 1059 (c} 3159 (d) 549
\5;% ‘CAf the molar mass of a compound is 178 g/mol and its empirical formulais
‘?""*323 * C,H.0, . What is its molecular formula?

(@) GH,0, {b} CH,0, (&) CH,0, (d) CH,oOs

6. When natural gas burns in air, which componentis the limiting reactant?
(a) Both components
(b}  Neithercomponentis a limiting reactant
¢} Air
(d) Naturalgas
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| 7. If the actual yield ofa compound is 0.198 g while the thebre i;:al field is
0.217 g. What will be the percentage yield?

(a) 50% (b) 91.2% () 80% {d) 90%

) Short Answer Questions

14.1. Whatisthe molar volume of a gas at RTP? N I
14.2. How does the concept of molar volume useful for us? O
14.3. Howdoes the molarvolume relate to the Avogadro's law?__.

14.4. Why two different compounds may show the same em irical f
14.5. Whyis percentageyield important? &@

14.1. Howwould you identify the limiting _ a chemical reaction?
14.2. Why is it important to find the purity of a compound which is used as a

medicine? )
Qile reaction?
not?

Will there be a limiting rea

ooy of mé& volume and number of moleculesin4.0g
be dissolved in 150 cm® of a solution if the

143, reentage of sodium in NaHCO,
14.4.\A'sulphide of iron contains 1.926 g of sulphur and 2.333 g of iron. Find out
' e empirical formula of this compound.

A compound contains by mass, 40.0% C, 6.71 % H and 53.3 % oxygen. A
- 0.320 mole of this compound weighs 28.8 g. What is the molecular
formula of this compound?

14.6. Asample of metal has a total mass of 3.66 kg and contains 2.45 kg of gold.

What is the percentage purity of gold in this sample?
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Chapter @ Electrochemistry

After studying this chapter, students will be able to:
« Define redox reactions as simultaneous oxidation and reduction in terms of oxygen, hydrogen,
electrons and changes in oxidation state ¥\§
Use roman numerals to indicate oxidation number of an element in acompound 1§) (\
Identify oxidizing and reducing agents in a redox reaction g ‘%*fj
Recognize that the oxidation number of elements in their free stateis zero ot
Derive the formula of ionic compounds fromionic charges and oxidation numb% )
Identify that the oxidation number of a monatomicion is the same as the charg eion
Explain that the sum of the oxidation numbers in a neutral compound i z% |
« Explain that the sum of the oxidation numbersin anionis equal tu:ntlstégM ntheion
= Define electrolysis as decomposition of ionic compound, in molten or agueous solution, by passage
of electric current
« Identify and label in simple electrolytic cells, the anode (?ﬁ%de (-), electrolyte and direction of

flow of electrons in external circuit,

= Describe the transfer of charge in external circuit, mé
electrons at electrodes ‘

« lIdentify the products formed at electrod a%dag%scnbe the observations made during the
electrolysis of molten lead () chioride, c%e@ f}a‘ated dllute sulfuric acid using inert electrodes
{platinum or carbon/graphite) <) .

» Define corrosion and discuss methods ta,prevent
such as using paint, galvanizing, e%%roplatin ; S
blocks in ships) ( %

» Identify the products formed a:‘.@&‘él‘ectrodes and describe the observations made during the
electrolysis of dilute copper } Eulpha inert electrode or copper electrode

» Predict the identity of pro dgucts %{;@ is of a halide compound in dilute or concentrated

solution
= Describeelectro a&%&and its gwgﬁﬁjtt&:atlons.

1l gn Pof ions in the electrolyte and transfer of

examples may include barrier method
al protection such as using magnesium

15.1 Cxdie !datlon ‘\iﬁmer of Atoms in compounds and lons

w assignment of oxidation number to atoms in compounds and ions
h%l@fm

o identify whether the reaction involves oxidation and reduction or not.

also helps to identify oxidizing and reducing agents in a given oxidation-

reduction reaction. Oxidation numbers are also used to write chemical formulae

and names of the chemical compounds. This concept also helps to keep track of
the new distribution of electrons during an oxidation-reduction reaction.

The oxidation number is an apparent charge on an atom in a compound

oranion. It may have a positive or a negative sign.
The oxidation number of atoms can be found out by applying the
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following rules.

1.

Atom present in a free element has an oxidation number zero.

Example: The oxidation number of sodium in sodium metal is zero.
Similarly, oxidation number of oxygen in ozone{O,) is also zero.

For monoatomic ions, the oxidation number is equal to the charge
present on theion. \
Example: The oxidation number of Ca®* is +2 while that of A" is #3,%
The elements present in group 1 (except hydrogen) in the péﬁé’_ﬁ’ic table
are assigned oxidation number +1, those of group 2,43

group 3, +3.
In binary compounds the more electronegative atom__ $ always assigned a
negative oxidation number. For example fluorine, being the most
electronegative atom, will always be glven -1 Oxidation number. Similarly,
in NH, and H,S, nitrogen and sulphur are, assrgned the oxidation number
of-3 and -2 respectively. -~ \
The elements of group 17 are no’rmally gwen oxidation number -1 when
they are combined with less ef‘ectronegatlve element.

Example: Chlorine in all such comp 'B’ds as HCl, PCl,, CHCl, has been
assigned an oxidation ntimber 1.
Hydrogen is asmgnedan oxldatlon umber +1 when it is in combination
with more elect enegatlve atoms while it is given oxidation number -1
whenitis combmga with Iess; "Iectronegatlve atoms.

Example;, I HCI the _axldatlon number of hydrogen s +1, while in sodium
hydride? (NaH) it bea s)an oxidation number -1.

The. ,e1-sement oxygen is assigned an oxidation number -2 in most of its

.mmpounds Point to note
The sum of oxidation numbers of all the

) Oxidation numbers do not
atoms present in a neutral compound is represent the real electrical

always zero. In a polyatomic ion the sum of charges present on atoms

N . except in simple ions. However,
oxidation numbers is equal to the charge | = i oo numbers are

present onthation, useful for keeping track of the
redox reactions.

[ Point to note \

The term oxidation state is also used interchangeably of oxidation number. In water,
hydrogen has an oxidation number of +1 and it is said to be in the +1 oxidation state.
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15.1 Example)
Assign oxidation number to
sulphurin SO*

S +40 = -2
S +4(-2) = =2
S -8 = 2
S =8-2
S = +6
The oxidation number of
Sin SO is +6.

15.3 Example )

15.2 Example )

Find out the oxidation number
of manganese in KMnO,.

K+ Mn+ 40 = QI
(+1) + Mn + 4(2) = ¢

n—7

The oxidation ﬂ\b@
of Mn is

Oxidation number of

e

/one atom of Fe is +3
15.2 Writing Chemical Formulae of lonic Compounds
by app!ying Osxtidation Numbers

& 15.1 Quick Check!

Assign oxidation number

to the marked atom of the

following compounds:
KLr,O: (NH), SO,

chemical formula of a compound if we know the

We te thatcblmi ;
oxidation\l&bers of\its constituent elements. The periodic table and the

elect structure of the atoms can help us in predicting the principal oxidation

xidation number of the atoms present in that compound. For example, we

nsn@r f the element. The formula of the compound may then be written using
shall

write the formula of calcium chloride in the following way.
The element calcium is present in group Il of the periodic table and its

principal oxidation numberis +2.

Chlorine is presentin Group 17 and we know that when it is attached with
less electronegative element in binary compounds its oxidation number is -1.
The formula for calcium chloride will, therefore, be CaCl, because only with this
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formula the sum of the oxidation numbers of both the elements WI|| add upto

zero. Ca’ i’y
CaCl,

15.4 Example ) T ———
Write the chemical formula of aluminum oxide with the help of oqgion
numbers of the elements involved. O

Aluminum is present in Group 13 so its principal oxid umber shall
be +3. Oxygen being more electronegative atom normal ws —2 oxidation
state in normal oxides. The formula of aluminum oxide'will then be Al,O, because
the some of oxidation numbers of both elements @\be equal to zero with this
formula.

In order to wrlte rmuI of potassmm permanganate, write first the
formulae of perm m@ and potassiumion K". Then combine the
two ions togethe %f ically neutral compound.

AQ) uatlon Anion
I(‘*\ MnOﬂ')
$Q) '(. KMnO)

The formula for potassium permanganate will, therefore, be KMnO,.

When writing the formulae of ionic compounds containing more than
one polyatomic ions, we take the formula of the ion in brackets and indicate the
number of such ions with a subscript. The formula for ammonium carbonate will
be written as follows.
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| (NH) CO;
The formula for ammonium carbonate WI|| therefore be (NH,),CO..
15.5 Example )
Write down the formula for aluminum sulphate. &

AT\ /Bo)

CH,COO" | acetate NO; |nitrite

NHY ammonium | |HCO; C,0F |oxalate

cor carbonate | |HSO! sulfate Clo; |perchlorate
clo; chlorate HS MnQ; |permanganate
cloy chlorite (5&1 Iroxide. PO} |phosphate
cro? chromate @? hy%%rite SO? sulfate

\ [NO] | nitrate SO  |sulfite

cyanide.(”

\
/ Wri&*gormulae of the following ionic compounds with the
ﬂ*fo oxidation numbers of their constituent atoms.
Alumin g ite and Sodium hydrogen carbonate.
2. Wnt% uIa wing ionic compounds with the help of charges present on
theirio
nlum acetate, Calcium phosphate and Potassium chromate.

4 O)udatlon and Reduction
Oxidation and reduction are simultaneous but opposite processes. They

always occur together. Oxidation and reduction changes are described in three

principal ways.

[ (A) Oxidation ]

1. Oxidation is defined as a process in which oxygen is either added or

hydrogen is removed.
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For example;

M Oxygen combines with other elements in the formation of their oxides.
Elements in these processes are said to be oxidized and oxygen is reduced.
Rusting of iron or burning of magnesium in air are oxidation processes.

4Fe, + 30,, —> 2Fe,0O,,
2Mg, + O, — 2MgQ,

In the above reactions Fe and Mg are being oxidized while oxygen is being
reduced. Oxygen is an oxidising agent while iron and magneSugm are reducing
agents. -t
(il  Hydrogen is removed from a compound by, mcygen in the following

examples; hydrogen is removed from CH, and 'HCI by oxygen or a

compound containing oxygen.

- —.y-p'

CHy + 20,5 — COf+ 2H,0,

Ar IZlaq) + Clz(g) +2Hzom

4HCl,,, + MnO,,

CH,and HCl in these reactlans are b Sing/oxidized while O, and MnO, are
being reduced. CH, and HCI are called red _f_m"g agents while O, and MnO, are
called oxidisingagents. _ ' o
2. Oxidationis a pchess in whlch electron or electrons are lost.

For exampl% Copper may lese one or two electrons to give Cu'™ or Cu*

ions respp.cﬁvely In both these processes, we say, copper is being

omdi‘zed Hence, czappér is called an reducing agent

Cu— Cu" +e-

Cu— Cu*” +2e"

Oxidation is process in which oxidation number or oxidation state of an
elementincreases.

In the above two processes, the oxidation number of copper has
increased from zeroto +1[Cu{l)] and +2 [Cu (II) ] respectively.

[(B) Reduction J]
1. Reduction is defined as either addition of hydrogen or removal of oxygen.
Forexample,
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()] hydrdgen is added in?hldwrziﬂhe to glve hydrogen chloricié gas
H,, + Cl,;, — 2HCI,

(ii) In the following reaction, hydrogen is heated with metal oxide when
oxygen comes out of the compound and combines with hydrogen to
give a molecule of water. A\l

CuO,, + Hy, —e i Cu,, + H,O,

%

In the above exampiles, Cl, and CuQ are being reduced, aﬂd«hydrogen (in
both cases) is being oxidized. Cl, and CuQO are called o&[gi Zing agents while
hydrogen in both the reactions will be reducing agent.# \“

2. Reduction is a process in which electron’ o‘r»»electrons are gained. For

example, T %‘%
Mn™ + 5¢ WI
In both the above exampleﬁnﬁ‘ons?bf jron and manganese are being
reduced. Hence, they are called oxiglsmg agenfi
3. Reduction is a procassxom whlg.;h*’ ggxidatlon number of an element
decreases. In the abov& examples bxidation number of iron is reduced

from +3 [Fe (Ill}] T@XZ[F&{,[TH while oxidation number of manganese is
reduced frorml-%[ﬁll n(vm}mz [Mn{ID].

15.5 Elect "

is passed through fused ionic compounds or their
aquequs, solutions, they are decomposed into their constituents. Such
compobinds are called Electrolytes and the process is called Electrolysis. During
g&gctm‘lysm a non-spontaneous chemical reaction takes place with the help of
nhectncal energy.

The process of electrolysis can be carried out in an electrolytic bath called
an electrolytic cell with the help of two electrodes through which electric current
enters and leaves the cell, These electrodes may be made of graphite or any
other metal.

Anode: It is a positive electrode through which electrons enter the external
circuit.
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Cathode: It is a negatlve electrode through which electrons Ieave the external
circuit.

Electrolyte present in the cell is in the form of freely moving ions.
During electrolysis, the electrolyte is decomposed into its components by
applying an external voltage. Thus external voltage source (battery) forces
the non-spontaneous reaction to occur by pumping electrons towgrgs one

d

of the electrodes, thereby, giving it a negative charge. The positi of
the electrolyte are attracted towards the negative electrtabe get
: battery

g, giving it a

reduced by accepting electrons from it, making it the catho
simultaneously withdraws electrons from the other elec

positive charge. The negative ions of ’\‘
the electrolyte are attracted towards
this and get oxidized by losing their
electrons, making it the anode.
Electrons flow in the external circuit
while ions move towards their
respectiveelectrodesinsidethece%

the oxidation and reduction a E S| e
electrodes cease, the fl \Q) |

electricity in the external cirwt Iso 5@: 15.1: Electrolysis in a electrolyuc cell

stops. O
Electrode | Function  Charge

OQ @ Anode Oxidiation |Negative

" Anode|

Cathode Reduction | Positive

Anode Oxidation |Positive
: @ olytic Cell | cathode Reducation |Negative
Thet anode and'gathode always refer to the electrodes at which oxidiation and
@cﬂon occur respectively. However, the charges carried by electrodes in a

ry and electrolytic cell are different.

| 15.6 Electrolysis of a Concentrated Aqueous Solution of Sodium

Chlgride (Brine) using Inert Electrodes (Graphite /Pt)

The electrolysis of a concentrated solution of sodium chloride, also called
brine, produces hydrogen gas at the cathode, chlorine gas at the anode, and
sodium hydroxide solution as a by-product.
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The electrolytlc cell used in thls
electrolysis is shown in Figure 15.2 . The
cathode used in this cell is made of
platinum while the anode must be made
of graphite to avoid the reaction with
chlorine gas.

The following ions are present in
the solution
Na“,.Cl,,  fromsodium chloride
H'wy:OH oy  fromwater

Na® and H,0, both migrate towards the cathode% ter molecules and
hydrogen ions have a greater tendency 1o get reduced as compared to sodium
ions (Na"), so they pick up electrons from the cathodeifo form hydrogen gas.

At the Cathode 2H'y + 2e'74§)\ »
or| 2H,O0 +2e" ag T 20H"

The ionic equilibrium@ i
water is, thus, disturbed due tg the Spo us reactions occur naturally without
discharge of H" and morQater a? ergy input, while non-spontaneous
reactions require a continuous input of energy.
molecules are ionized t tore i

The solution aroum\ cath@becomes alkaline due to the formation of

hydroxide ions (&I@

At the An

wl— .t 2e

e solution gradually gets alkaline due to the presence of OH". The

vol f hydrogen and chlorine gases obtained are equal.
é erall equation for this electrolysis is:

2 NaCl,,, + 2H,0 ,—— H,, + Cl,;, + 2NaOH,,,

15.7 Electrolysis of Dilute and Concentrated

Aqueous Solutions of Metal Halides

When the aqueous solutions of metal halides are subjected to electrolysis,
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the situation becomes more complicéted due to the presence of water. Wateris a
very weak electrolyte and upon ionization it gives very small amount of hydrogen

and hydroxide ions.
HZOH} — H+@q]+ OH_(“)

This will mean that the electrolyte will consist of more than one type of
ions which will approach both cathode and anode. Hence there can bea chmce
over which ions will get discharged. \ g

For example, if an aqueous solution of sodium chloride. gtectrolyzed
both sodium and hydrogen cations are attracted towards the | catho'de and both
chlorides and hydroxide ions are attracted towards the ano‘de Which of these
ions will preferentially be discharged depends upon the tendency of the
elements to lose or gain electrons. The eleme’hta present at the top of
electrochemical series shown in Table (15. 2) passess more tendency to lose
electrons as compared to the elements preSentat ‘the bottom.

If a metal is below hydrogen fin the SN T oy
electrochemical series, then the meta1 jon is_ = =
discharged. Metals like this mclude mpperand ) ,q e
silver. If dilute copper chlorlde‘ts electrolyzed b {: e -{: 2.2
copper metal is obtained a__tthe_,cathode otmir . aora) NaOH

If a metal is p’fa:f‘:‘ed higﬁer in the Figure 15.3: Electrolysis of
electrochemical sefigs.then fiydrogen ion is SR MR e bRk
discharged. Metafsr Ilke th|§ include lithium, sodium and magnesium. If dilute
solution of so_'_"" um chrarlde is electrolyzed, hydrogen gas is obtained at the
cathode. = ~ 9

Metals Ilke lead and nickel present a more complicated picture. If aqueous
seJutlonE ‘of halides of these metals are electrolyzed, then the products cbtained
the cathode depends on the concentrations of the halide solutions, If the

‘sdlution is concentrated then metal is deposited at the cathode. If the solution is
very dilute, hydrogen is evolved. At in-between concentrations both metal and
hydrogen are obtained.

At anode, the electrolysis of dilute solutions of halides will deposit oxygen
because hydroxide ions are preferentially discharged due to their higher
concentrations.
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Reaction at the Cathode

or

Reaction at the Anode

\l‘_

) Interesting
/ Information!

2M7, + 26 — 2M,
2H' + 26 — H,g,
2H,0, + 26 = — H,, + 20H,

2X g —> X,y + 207
4 OH,

Table 15.2 - Electrochemical Series

— 0, 4 +2H,0, + 4e

Electrolysis played a
crucial role in the
discovery and
industrial

production u(b
elements lj

Stronger ) ter
agent agent
Lithium " (aq) + &~ =L (% -3.04
Petassium K{g+e &= -2,93
Calcium Ca® (aq) + zg&ﬁ?a © -2.86
Sodium Na*(aq) d a (s) -2.71
Magnesium Mg* (a e Il=Mg (s) -2.37
Aluminum Al™ +3e =Als) -1.66
Water 2H,0 (I} { OH" {aq) -0.82
Zinc q) + 2 F&(grzi (s) -0.76
Iron (1) sig " (aq) Fe (s) -0.44
Cadmium Qd * (aq) "= (Cd (s) -040
Nickel Q Ni ag) + 2e” =Ni (s) -0.25
lead . 7N ) + 2e "= Pb (s) -0.12
Hydrogen_ S\’ ‘Maq) +2e = H,(g) 0
Sulf%‘ 9(\!) £ 2H' (aq) + 26 = H,S (aq) 0.14
l\ O n* (aq) + 2e = Sn* (ag) 0.15
\&1 § Cu™ (ag) + 2 "= Cu {s) 034
ine \ L{g)+ 2e” = 2I' (aqg) 0.53
Iron (1) Fe* (aq) + e " = Fe™ (aq) 0.77
Q» Silver Ag (aq) + e — Ag(s) 0.79
Bromine Br, (g) + 2e ~ = 2Br (aq) 1.06
$ Chlorine Cl, (g)+ 2 e~ =2CI" (aq)) 1.35
Gold Au” (aq) + e"=Au (s 1.69
Hydrogen peroxide| H,0O, (aq) + 2H' {aq) +2 e~ = 2H, O(l) 1.77
Fluorine F, {g) + 2e "= 2F (aq) 2.87
Weaker Stronger
reducing oxidizing
agent agent
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15.8 Electrolysis of Concentrated Aqueous
Solutions of Metal Halides

If the concentrated aqueous solutions of metal halides are electrolyzed
the hydrogen ions are discharged at the cathode if the metal is present higher
than hydrogen in electrochemical series. For example, electroh‘ei of

concentrated aqueous solution of sodium O
chloride will produce hydrogen gas at the - on a
cathode. However, for less reactive metals
like copper and silver the metal ions are -
discharged at the cathode. gl e

At the anode, the halide ions are Hor W o o
preferentially discharged due to their ?3"15-4 Electrolysis of
higher concentration. ondentrated solution of copper chloride
Reaction at the Cathode

Reaction at the Anode

15.9 Electrolysis of | rolysis of Molt Molien Lead (Il) Chloride
Lead (1) chlor. ql. sollm temperature. To make it an electrolyte it

must be heated 01" t molten lead chloride. Heat will render ions

free to mov & rICIty The molten lead is then taken in a heated
crucible wb% ter%ure is maintained above 500°C.

o inert electrodes (graphite or platinum) are then immersed init. Upon

elec s the lead (ll) ions will move towards the cathode wherethey are

ed forming lead in the liquid state. The chloride ions migrate towards

node where they lose electrons to give chlorine gas. The electrolysis must
be carried out at the temperature above the melting point of lead chloride.

Reaction at the Cathode Pb*, + 2¢"— > Pb,, (Reduction)
Reaction at the Anode 2Cl,—> Cl,, + 28~ (Oxidation)
Overall Reaction PbCl,, — Pb,, + Cl,,
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15. 10 Electrolysis of Dllute solution of Sulphurlc
Acid using Inert Electrodes (Carbon or Pt)

Electrolysis of dilute aqueous solution of sulphuric acid produces
hydrogen and oxygen gases. In other words this electrolysis involves the
decomposition of water. Inert electrodes like platinum or graphite are bq&d,for
this electrolysis because they did not react with the electrolyte.

In an aqueous solution of dilute sulphuric acid H" and S@given by
sulphuric acid while the ionization of water forms H" and OH".

At the cathode, hydrogen ions gain electrons to glvﬁ gen gas. At the
anode both SO,* and OH" are attracted but OH" los ns to give oxygen
gas. Sulphate ions are not discharged at the anode.because they are difficult to
be oxidized compared to hydroxide ions. As t rolysis moves ahead, the
concentration of sulphuric acid increases ?:the water present is being
decomposed.

Reaction at the Cathode oH'

H,q (Reduction)

Reaction at the Anode

15.11 Electrolysis of Dilute Aqueous Solution of Copper
Sulphate using !aert Clectrodes or Copper Electrodes

nous solution of copper(ll) sulphate with inert
composition of water and the copper(ll) sulphate.

y5|s§
etal is deposited at the cathode (inert) and oxygen gas is produced at
{inert).

n at the Cathode

Coppe

Cuz+(,Iql + 2 —> Cuy (Reduction)| Why carbon
— S electrodes are used
Reaction at the Anode in the electrolysis of
concentrated
4 OH,,;, — O, + 2H,O,, + 4 (Oxidation),  solution of NaCl?
— e

Since the concentration of copper ions decreases slowly so the blue
colour of the solution fades away with the passage of time.

{t) - ’ Chapter-15
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If copper electmdes are used instead of inert electrodes, the copper metal
atoms from the copper anode start going into the solution in the form of copper
ions and the electrode mass starts decreasing.

Reaction at the Cathode *CUH

oy T 2€ = Cu_(,1 | {Reduction)

Reaction at the Anode | Cu, —> Cu™,,+ 2e (Oxidation)

15.12 Corrosion

Corrosion is a natural process due to which a metal su gradual decay
when it interacts chemically with its environment. D ftindCthis interaction the
surface of metal is coated with compounds sug
carbonates. .

A common example is rusting of iror 1ére iron reacts with oxygen and

begins to rust, the process will conti dstis porous and allows both air and
metalunderneath. Hence, all the metal
will corrode given enough tim :

The process of corrgsi - to require two important
| are involved in the following

electrochemlcal reactions ron@ ectronstoform Fe (Il) ions.

o—> 2Fe”,, + 4e

ons. | Oy + 2H,0,, + 46 —> 40H,

e” then react with more oxygen and water to form iron (lll) hydroxide

is rust. - =
Fe* .y + 20H ,, —> Fe(OH),,

4Fe(OH),, + Oy, + 2H,0, — 4Fe(OH),,

[ Prevention of Corrosion |}
Coating of the metal surface

Corrosion can be avoided by coating the metal surface with some barriers
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that prevent the contact of metal surface W|th the atmosphere For thls purpese
the metal surfaces are protected by either greasing with oil or painting. Other
methods of protection are galvanizing, electroplating and sacrificial protection.

Galvanization
Galvanization is a common method to protectiron or steel from rysting. It
involves the dipping of an iron sheet in a bath of molten zinc. A layer of zi cmetal
gets deposited on the iron sheet and prevents rusting. Tin cans are ly steel
cans which have been coated with a thin layer of tin.
Sacrificial Protection

In sacrificial protection a more reactive ; %t cond't'on.s are
. . . . . required for rusting of
metal like zinc or magnesium is used which will

n,
corrode in place of the less reactive metal lil

(& 154 Quicx Checkl

If a sample of iron and a
sample of zinc come
into contact, which will
corrode? Explain your
answer.

steel in buried fuel tanks and pipe lines an
hulls submerged in sea water.

The difference in the acti etals (Mg and Fe) causes a
on on the more active metal

To protect the metals from rusting as well as from the reaction of organic
acids.

3. Repair
To weld the broken parts of the machinery by electrodeposition of metals.
Generally copper, silver, chromium, nickel and gold are electroplated.
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[Procedufe 6f Electroplating ]

The article to be electroplated is first cleaned with sand and then washed
with caustic soda solution and finally with plenty of water. This article is then,
made a cathode, while the metal to be deposited is made anode. The electrolyte
is a salt of the metal being deposited and the electroplating is carried out ina
tank made of cement, glass or wood. Itis called an electrolytic tank.

This process of electroplating is shown in Figure15.5.

The electrolyte chosen should have the {é il ]
following properties: ﬂ Battery
1. very soluble inwater 2l
i Anode = = Tank
2. good conductor __
3 not easily oxidized or reduced —Cathode
. Ele \ / (Substance to
or hydrolyzed & v be electroplated
4. inexpensive o~ Figure 15.5 : Electroplating

4 Q

Electrodes are dipped in thg“eLécl;roiﬂc tank containing the electrolyte

and electric current is passed. A tﬁm 1ayer oﬁthe mble metal is deposited on the

S

article to be electroplated. The‘FQIIOW|nchbidﬁlons THINGS
should be fulfilled to get good@éposns

i. nghcurrentdensftyx R A group of chemlcally
T AT ¢ v unreactive and valuable

metals are called noble
ii.  Higher cpnc&\tratloﬁ%_of the metal in its | metals. They include gold,

electroly'te silver and platinum.

[Sulv(glatmg ]

_The procedure for silver plating is the same as described in the previous
Jopic except that the electrolyte used is the solution of potassium argento

cj}anlde KIAg(CN),], and anode is of pure silver. The following ions are formed in
the electrolytic solution,

KIAQ(CN),].y == K'uy+ [AG(CN),I .,

[AQICN)Ty == AQ'uy+ 2CN
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When the electric current is passed, Ag” ions migrate towards the cathode
and deposit after picking up electrons. Cyanide ions move towards the anode,
where they react with silver to form AgCN, which combines with KCN to

reproduce the electrolyte, K[Ag(CNJ),].

[Copper Plating ]
In copper plating, the anode is made of copper metal and the éled

is CuSO, to which a few drops of sulphuric acid are adde% vent its
hydrolysis. The article to be electroplated is made the catho, e following
electrolytic reactions take place at the electrodes. '

e,

 Taf arestmg

NAT ] )

At Anode: Cu{,} —> Cu™,+ 2 S Chromium plating is usually
' one on iron or on steel. As

properly, therefore, iron is first
copper or nickel plated,

At cathode: C  +2e —Cu chromium metal does not
w t é directly adhere to the iron

(& 155 Quick Checkl

1. Whatisthe princip ndele@ng?
2. Howelectroplatin sedto rep irworn-out areas of metal objects?

»
.\Q -

EX m CISE__ |

\0 Choose and tick the correct answer from the given choices.

.@ The oxidation number of Mnin K,MnQO,:

(@) +7 (b) +5 (€} +6 (d) -6
2. Which element in the following reaction is being reduced?
4HBr, + MnQ, , — MnBr, ., + Br,, + 2H,0,

(a) Br (b) Mn o H (d) BothMnandH
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(d)

15.3
154
15.5

\ 23

"Durlng- electroly5|s of dllte solutlon of H,SO,, using Pt éledrodes which

process takes place at the cathode?
(a) Reduction
(b) Neither oxidation nor reduction

(b) Oxidation \t~
O

(d)  Firstoxidation and then reduction

Which product you will get at the anode when an aq s solution of

CuSO, is electrolysed using copper electrodes?

(@ Cu by O, (c) &

No product, instead copper metal will go int@'the solution as Cu”".

Which product will be obtained at/ :*’;-.:_.;{'. ahode when a concentrated
solution of NaCl will be electrolysed? \,

(9] More O, and less CI} '. \@M) More Cl,and less O,

When a dilute aqueo S%oluio
you will get at the

ZRCl, is electrolysed which product

(b) Zn
(dy BothZnandO,

Q& at happens when electricity is passed through an aqueous solution of

aCl?
What are the main objectives of electroplating?
Through which electrode, electrons leave the electrolytic cell?
How does an electrolyte conduct electricity?

What will happen if a strip of Cu metal is dipped in FeSO, solution?
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15.1
15.2
15.3

154

Calculate the oxidation number of chlorine atom in Ca(ClO,),.
How can H,0, behave as an oxidizing agent?

Why different products are formed at the electrodes when a di&ugnd
concentrated aqueous solutions of NaCl are electrolysed? O

Why corrosion becomes fast during rainy season? \QO

15.1

15.2

153

154
15.5
15.6

Descriptive Questions ’%

Explain with examples how the formula of ignic pound can be written
using oxidation numbers. {%‘

Find the oxidation numbers of th icEted elements in the following
compounds. AI(NO,), H @ﬂaﬁzoa

Write down the formula following compounds using ionic

charges \
Sodium hypochlorité&lcium% te, ammonium phosphate and
calcium nitrite

Discuss the el@lysis q& entrated solutions of metal halides.
Explain elé\c%plati iying examples.
WQ ros%xplain the reactions involved in corrosion of iron.

@Q)
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Chapter @ ® & @
Reaction Kinetics
-

After studying this chapter, students will be able to:

» Describe collision theory in terms of number of particles per unit volume, of
collisions of particles, kinetic energy of particles and activation energy

» State that catalyst increases the rate of reaction provides alternate y with lower

activation energy, and remains unchanged at the end of a reaction,

» Describe the physical parameters that may be affected by the
change in mass, temperature, and formation of gas 1

» Explain the effect on rate of reaction of changing con
gases, surface area of solids, temperature, prese
collision theory

Reaction Kinetics

Rate of reaction is the sp
reactions are useful only when

understand the factors s@govern%he rate of reaction. The studies eventually
Iead us to come to to come to occurat the molecular level.

lace only when the participating particles (atoms,
, with one another. It has been observed that a very
ion of collisions lead to the formation of products. In the majority of
ns the reactant particles simply bounce back without any change.
sions which lead to reaction are called effective collisions.

The rate of a reaction depends upon the number of effective collisions
which, in turn, depends upon the following factors.

[1. The Number of Particles per unitVolume ]

The larger the number of particles per unit volume, larger is the possibility
of effective collisions. In other words, higher the concentration of the reactants,
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more the number of molecules and hence more will be the number of collisions
between them.
[2. The Frequency of Collisions ]

A greater number of collisions per second will also result in the increase in
the number of effective collisions. At higher temperature the velocities of the
molecules increase resulting in the increase in the frequency of collisions..This
increase in the frequency of collisions will also increase the number of 5uct:essfu|
collisions. '

[3. The Kinetic Energy of the Particles |}

The kinetic theory of particles says that all matter |s composed of tiny
constant moving particles. Their motion is due to kinefic e epergy they possess. As
the temperature increases, the kinetic energy of the particles also increases. As a
result, the particles start moving fast leading, td‘l:ﬁmi"e vigorous motion. The fast
moving particles will have more chances to colhde with each other.

(4. Activation Energy J

According to collision theel"y,' & collldmg particles will lead to effective
collisions only when they possess suffi cnentenergy to break the bonds present in
the reactant molecules. This mmlmum energy required to start a chemical
reaction is called its actlvatlon energy )

Generally, at & partlcular temperature most of the molecules of the
reactant possess average energy \A fraction of total molecules will, however, have
more than the, average energy Particles will react only when average energy of
this smallfractien of melecuies exceeds the energy needed to activate molecules
SO that they can undergo a chemical reaction.

A High energy state
) When the reactant particles come
closeto each other at the time of collision, > Activation
““they slow down and the kinetic energy they | & S
possess, is converted to increase their | £
, : g
potential energy. This process can be | 2 e e
understood with the help of a graph drawn

between the path of reaction and the Reaction coordinate
potential energy of the system as shown in | Figure 16.1: Path of the reaction
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Figure 16. 1 When the reactant partlcles possessing actlvatlon energy collide
they form high energy state with the corresponding increase in the potential
energy of the system. After this stage the reactants are converted into the stable
products and the potential energy of the system falls down.

The information provided by the energy of activation is very important in
understanding the mechanism of the reaction. @%

The total mass during a chemical reaction alwa Ty ains the same. This is
the requirement of the law of conservation of n%}%whlch is always obeyed

reactions.

If a reaction is carried out in.

"".'.

However, ig _ (Mg and O,) are allowed to react in a closed
container, 1 total ma s will remain the same before and after the reaction.

[F ion of aGasDuring aChemical Reaction |

, If a reaction is performed between marble chips and dilute hydrochloric
%id in an open container, the mass of products will apparently be less than that
of reactants. This apparent decrease in mass is due to evolution of CO, gas during
the reaction which escapes into the atmosphere.

| CaCo, 4+ 2HCl ,, — CaCly,, + H,0, + CO,
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When a reactlon moves ahead the concentrations of the reactants
decrease until all the reactants are used up. At the same time, the concentrations
of the products increase and reach the maximum value at the end of the reaction.

Chemical reactions are quite often accompanied by the changes in the

temperature indicating whether they are exothermic or endothérmic.

surrounding causing their temperature to increase.
For example, when quick lime {CaO) reacts with wate
is formed and a lot of heat energy is released.

surrounding to cool down.
For example, when ammoniu

inwater, heat energy is absorbed

Increasing the temper '

fect of Concentrations of the Reactants

In order for the reaction to occur, the reactants must come in contact with
each other. For this reason, the reactions are most often carried out in one phase,
for example, in liquid solutions or in gas phase. When the reactants are presentin
the same phase, their particles are able to meet on the molecular level and thus
are able to collide with each other easily. The higher the number of particles of
the reactants per unit volume, higher will be chances of effective collisions and
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hence higher will be the rate of reaction. Hence an increase or decrease in
concentrations of the reactants will result in increase or decrease in the rate of
reaction respectively. For example, combustion of coal in air {21% oxygen)
proceeds relatively slowly as compared to the reaction in pure oxygen. Similarly,
lime stone reacts with different concentrations of hydrochloric acid at different
rates. A

Activityilsg - |

‘&ﬂ‘ {‘r.t‘

An experiment can be performed to show the mcrea?hi‘n“the rate of
reaction with the increase in the concentration of hydroch}e;lcaad Take a flat-
bottomed conical flask fitted with a delivery tube mcﬁ“fs connected to a
syringe as shown in the Figure 16.2. The flask coatglns granules of limestone
taken in excess and a fixed volume of one mq{l»atr Eydrochlorlc acid. After the
start of reaction carbon dioxide gas is generﬁted which is collected in the
syringe. The scale present on the syrgsﬁge\d'?ectly measures the volume of
carbon dioxide gas evolved. Lt is ességtlﬁf “to keep all the variables constant in
this experiment, for example, thé' vsoliﬁ:rﬁe qf gﬁe molar hydrochloric acid, the
temperature at which the expgnmént is befng carried out, the mass and size of
lime stone granules, and 'sff‘é}?'ate off sﬂr“i‘lng The reaction is followed by
measuring the volume qfe;arbon c{mxlde gas evolved. The same experiment is
then repeated takmg%&am&vﬂtﬁle of two molar hydrochloric acid.

The greatgr&fhe coacen‘tfatlon at the start of the experiment which
means faster mj&tﬁ cﬁi?“ he more concentrated is the acid, the more are
the chances*vo&iieﬁec lisions.

,_—n T ) | P mines

Gas syringe

Understanding kinetics

helps us to control the

reaction conditions in
Stand and clamp order to speed up or

slow down reactions as
Figure 16.2: Reaction of hydrochloric acid with limestone needed.
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[2. Reactants Present in Gas Phase )
If reactants in a reaction are present in gas phase, their concentrations can
be changed by changing their pressure. For example, the rate of reaction
between hydrogen and chlorine can be doubled if the pressure of chlorine gas is
doubled, provided the other component hydrogen is present in excess. /

[3 Effect of Surface Area of Solids ]

Reactions involving solids take place on their surfaces and, thé- rates of
their reactions depend to a great extent on the area of the's(iffdce contact
between them. The larger the surface area of the solids, the mdré\s possibility of
their particles to come in contact with each other and th€ Fﬁgher is the rate of
reaction. Finely divided solids, because of the greatersufface area available, react
more rapidly than do large pieces of the sang” ssubstances. For example,
alumlnum foil reacts slowly with warm sodlum hydromde but in f' inely dlwded

,,,,,

evolving hydrogen gas.

2Al, +2NaOH,, + GHy

- ;%AI (OH), oy +

Similarly, a large plece a’f wciod W|H purn slowly while small pieces burn

rapidly.

[4 Effect of Tempﬁg\lifure l

Itis an evergdayobservatlewthat the rates of chemical reactions increase
with increase in @mperatune* Food cooks faster at higher temperatures than at
lower ones. Sl"__;__\_:larly, thépwdatlon of iron is very slow at room temperature but
proceeds Very fast at high temperature. In many cases the rate of reaction is
nearlyxdoubled when the temperature is increased by 10°C.
iﬁ&:ording to Collision Theory, by increasing the temperature, the kinetic
Brergy of the reactant particles increases, and the number of effective collisions

increases, due to which the rate of reaction also increases.

B Kinetics helps us to increase the yield of a reaction and
23 minimize the waste.

[5. Effect of Catalyst]

A catalyst is a substance which alters the rate of the reaction but it is not
consumed during the course of reaction. It's role is to alter the way the reaction
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takes place by substantlally Iowerlng its |
activation energy. When the activation
energy is lowered, more and more
particles of the reactants will start forming
the high energy state and the rate of
reaction will increase. For example,
platinum metal serves as a catalyst during
the addition of hydrogen in ethene. Both Reaction coor
hydrogen and ethene are known to | Figure 16.3: Path of ot

adsorb on the surface of platinum metal | Without the pres lee-0f a catalyst
and the bonds, present in them, get AY
weakened. Thus, the surface of metal helps the reactant molecule to react

\/ -

together. This is shown in the Figure 16.3. ~ ¥
<\

-Activation energy

Potential energy

Reactants Products

[ 6. Enzymes as Catalysts l A

Enzymes are biological cat)g;y 4;' hese are

basically proteins which help to« bg%@‘ wcuﬁc TR
chemical reactions taking plac %ﬁr body eact  mostly used in finely
with the reactant molecule i’ﬁgng t e sites  divided form?
present in them. Once bmd mthﬁe reactant 2':“:“:‘3;{)‘::‘;?"“59
molecule the partlculan S In e ereactant molecule  gyccessful collisions?
are sufflmentlywea

tion to take place.
The product fJngﬁed‘%hengdéSacmtes itself from enzyme which is then free to
bind anoth§ ctant-mpletule. The active sites present in enzymes are very
speC|f' C sucF\“‘ﬂlat a partl 'ular enzyme can catalyze a specific reaction only.

QO =
@._lfﬁ% [ E) !':E\ -15E ]

MUItiple Choice Questions

Choose and tick the correct answer from the given choices.

1. The number of collisions per unit volume of the reaction mixture is called:
(@) Collisionenergy (b}  Activation energy
(© Collision frequency (dy Collisionforce
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2

3

4,

" i

If the reactants possess an energy higher than the activation energy, then
the reaction will be:
€Y Slow (b) Fast

(©) Not affected (d) Instantaneous

Which of the following explains the increase in rate of reaction in the
presence of a catalyst?

(@) Catalyst prowdes extra energy to the reactant molecules

(b)

activation energy.

(©) Catalyst increases the collision frequency

(d) Catalystdecreases the collision frequency |

Which of the following statements is correct? A K

(@  Collisions with energy equal to or\ﬁgreate than the activation
energy lead to reaction. -

(b) Collision frequencyis not relatgd t@fﬁ‘?e reaction rate

(© All collisions lead to a reactis \

(d) Collisions with energy Ies&th%\ the activation energy lead to the
reaction. ¢ f'

When a reaction proceedia?'lead h“e,

and products change? % (

(@  Concentration( ogF, reactarﬁs ﬁncreases and that of the products
decreases, ™\ ~

(b) Concen’gratmn of ﬁé;tants decreases and that of the products
increasesr” e g

(c) Cor{:eﬁtratloméfboth reactants and products decreases.

(d) é}lcer;tjzaﬁoﬁbf both reactants and products increases.

P

t‘ne concentrations of reactants

ANhatis a successful collision?
How does increase in the temperature increase the rate of a reaction?

1.6 3 Define activation energy.

164 Why does the burning of sulphur proceed slower in air than in pure

oxygen?

16.5 Why a catalyst used in a reaction is preferably taken in the powdered

form?
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16.2
16.3
16.4

16.2
16.3

| (af&Effect of ¢

Why is the rate of a reactlon often very fast at the begmnlng of the
reaction?

Magnesium does not react with air at room temperature but it reacts very
fast at high temperature giving intense white light. Explain.

What happens to the reactants after they climb the energy hill during a
reaction?

In what different ways you can increase the successful ol
the particles of the reactants?

Give an example of a reaction which proceeds
From where do molecules get energy to attain hi

How does the presence of V,0O; catalyst
following reaction?

Ce abea on the rate of a reaction.

s of the collision theory of reaction rate.
actors affecting the rate of a reaction:
sncentrations of the reactants.

Effect of temperature at which a reaction is carried out.

rite briefly about the role enzymes play in our body as biological
catalysts.
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Chapter 13
Salts

After studying this chapter, students will be able to: L%,

» Explain that salts are ionic compounds formed due to electrostatic attractlonfﬁ Efween
oppositely charged ions (in which the positive ions come from bases and jﬁ’fve ions
come from acids) %ﬁ{ -

%%J

 Explain why at STP salts are solids with high melting points.

» Describe that under normal conditions, ionic compounds ar: u%l@w solids with lattice
structures. &

« Explain why the molten and aqueous solutions of salts Hood conductors of electricity
by making reference to the idea of mobile ions

« Describe the general solubility rules for salts. (thgse%‘v“
(a) sodium, nitrate, potassium and ammoniu saﬁga soluble

{b} chlorides are soluble except lead and r ‘%
{c) carbonates are insoluble except soﬁI
(d) hydroxides are insoluble ex& iu

{partially). %\

17.1 Arrangement of lor of lons in Salts
When acids neutr |ze b %r alkalis, salts and water are formed. For
example, sodium, ide %ﬁ% li, neutralizes hydrochloric acid to form
sodium chlorld% jreactlon is called neutralization reaction.

C
%ifj
*"‘%A%&alt is a chemical combination of positive and negative ions. These
_ ely charged ions are then bonded together by the electrostatic force of
‘%@;t action. The strength of this attraction depends on the magnitude of the
charges and the distance between the ions.

These oppositely charged ions then arrange themselves in a regular and
repeating pattern to give a three dimensional network structure called a crystal
lattice. The properties shown by the ionic compounds are due to the presence of
this ordered structure. Under ordinary conditions of temperature and pressure
ionic compounds exist as crystalline solids.

- .__ Chapter-17
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In NaCl, each sodium ijon is|
surrounded by six chloride ions and each
chloride ion, in turn, is surrounded by six
sodium ions. Figure 17.1 shows how
these ions are arranged in the crystal
lattice having the shape of a face- -
centered cube. The bigger chloride ions Q_ :
are present at the corners and at the | Figure 17.1: Crystal
centre of each face of the cube while the e
smaller sodium ions occupy the edges of o
HFrerube: Fommon avaluable commodity
inthe past. It was even used as currency.

do not conduct electricity in solid state, however, they
startc in molten state or when they are dissolved in water. In

move and, therefore, cannot conduct electricity. When ionic compounds
eated to their melting points, their ions become free to move around and

hence start conducting electricity. Similarly, when ionic compounds are
dissolved in water, the forces of attraction between ions break down and theions

(& 17.1 Quick Check!

1. Howthe ions presentin NaCl arrange themselves to form a crystal lattice?
2. Doyou expect melting point of KCl to be higher or lower than NaCl?

~ \ [ . Chapter-17
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are again free to move mdependently
lonic compounds serve as strong electrolytes because they dissociate
completely into ions when dissolved in water.

17.4 Soluble and Insoluble Salts

Several factors effect the solubility of a salt including the nature ofsalt and

the temperature. Soluble salts include all sodium, potassium, and am
salts. Similarly all metallic nitrates are soluble in water and the sa 5 true for
most chlorides and sulfates. In contrast all carbonates with
carbonates of sodium, potassium and ammonium are_j '
Similarly, chlorides of silver and lead and sulfates of |
insoluble in water.

Hydroxides of sodium, potassium an
calcium hydroxide is only partially soluble jn
hydroxides are insoluble in water. =

The following table shows the

uble in water.
1 and lead are also

10nium are soluble while
ef. Beryllium and magnesium

'for the solubility of salts in water.

Table 17.1 Solubijiy of W in water
Salts ﬁ, ‘ % e Insoluble
Salts of sodium, potassium an{ } Ol —
ammonium and all nitrates ¢
dJide {%%u Most soluble Silver, Lead (II)
- .
Most soluble Barium, Lead (I},
Calcium
Sodium, Potassium, Ammonium Most insoluble
H;éroxides Sodium, Potassium, Ammonium, Most insoluble
Calcium (partially soluble)
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o Multiple Choice Questions

Choose and tick the correct answer from the given choices.

1. Which base is not soluble in water?
(@ KOH (b}  Mg{OH), \k~
(© NaQOH {d} Na,CO, O
2. The shape of the crystal of NaClis: O
(a) Cubic (b} Hexagonal ’\\'0
{c) Rhombic {dy Trigonal
3. Which salts are always solublein water'? Q)
(a) Chlorides tes
(c) Nitrates (d) ohates
4. Waterinsoluble salt is:

{(a) Calcium sulphate
(] Potassium sulphate

 Short Answer Questlom

@ Sodium sulphate
&, Magnesium sulphate

onsible (& strength of electrostatic forces

Which factors are .--.

between ions?
ter? Give comments.

17.2. Islead(ll)chlor w

17.3. Which Iead arEI einwater?
Name@ sol @ onates.
M cry

5
C onstructed Response Ques ons
\ ~LNStrucied Response Luestions

1Q)Nhy are melting points of ionic salts generallyvery high?
Why ionic salts exist in solid state?
17.3. Compare the melting points of NaCl and MgCl..

o Descriptive Questions

17.1. Explain the formation of sodium chloride crystal?
17.2. Describe which salts are soluble in water and which are insoluble.
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SNRpr @ Nitrogen and

Sulphur

After studying this chapter, students will be able to:

» Recognize that atmospheric oxides of nitrogen {NO and NO,) ah
unburned hydrocarbons to form peroxyacetyl nitrate, PAN, whi

of photochemical smog - )

« Describe the role of NO and NO, in the formation of aci&% h directly and in
their catalytic role in the oxidation of atmospheric sulphur didxide

. State the symbol equation for the production of a%%nia in the Haber process,

zw + 3H2@—> 2NH3@
 State the sources of the hydrogen (meth»ﬁe} nd nitrogen {air) in the Haber
process N\

1..

+ Statethetypical conditions inthe Haber,
an iron catalyst

= State the symbol equation

trioxide in the Contact process,

- ss as 450 ° C, 20000kPa /20 atm and

"of sulphur dioxide to sulphur
250,
ing sulphur or roasting sulphide

e conversion of sulphur dioxide to sulphur
@ 0 °C, 200kPa /atm and a vanadium (V) oxide

s as oxides that react with acids and bases to produce

asacidic, including SO, and CO,, basic, including CuO and Ca0, or
d to ALO, and Zn0O, related to metallic and non-metallic

racter.
A i‘;@ntify the general chemical properties of metals, limited to their reactions with
\ 4 dilute acids, cold water, steam and oxygen.
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' ) Nitrogen and Sulphur\ { 57 i, Chemistry - X TECH




18 1 Animonia

Ammonia gas is one of the most important chemicals produced globally
for industrial use. Urea and other ammonium salts are extensively used as
fertilizers. About 80% of the ammonia produced in the industries world-wide are
used to produce these fertilizers. Apart from this, ammonia is also used jn the
production of plastics and pharmaceuticals. It is also used as a refngeran& c

Ammonia is produced industrially by Haber process dlscovereﬂ by a
German Chemist F.J. Haber. In this process, a mixture of mtrogem’:f’nﬁﬁydrogen
in the ratio of 1:3 by volume is heated at 400-500 °C und g
pressure and in the presence of catalyst Fe/Al,O, to glve am

400-500 °¢ N\

N 20 T 3H2(91 Catalyst w
The equilibrium mixture obtained |n tﬁgﬁbove reaction contains 35%
ammonia by volume. This mixture IS ,;;ooted by refrigeration coils where
ammonia gas changes to liquid ammﬁla at —33.4°C and is removed from the
mixture. The other components ofth*é "[x:ture hydrogen and nitrogen gases, are

Gases are cooled
and ammonia tums
to liquid

Liquid Ammonia
Figure 18.1: Haber process

Jseurce of Nitrogen |
' One of the raw materials used for the production of ammonia is nitrogen
gas and it is obtained by the fractional distillation of air. For this purpose, first of
all carbon dioxide present in air is removed and the air is subjected to about 200
atmospheric pressure. This compressed air is then cooled and allowed to pass
through a spiral jet. While escaping through this jet, the air suffers sudden
expansion and its temperature is decreased. This process of compression and
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expansion is repeated agaln and agaln tillthe airis |IqUIerd

The liquid air is then fractionally distilled. Since the boiling point of
nitrogen is less than oxygen, nitrogen evaporates first at -196 °C leaving behind
the oxygen. The separated nitrogen is reliquified and stored in specially

designed cylinders.

[Source of Hydrogen]) \

The second raw material, hydrogen, is produced by heatin Hane in
the limited amount of oxygen that is not enough to completely @ ‘methane
to carbon dioxide and water. With less oxygen available, the n products

contain primarily hydrogen and carbon monoxide and arefatively small amount

of carbon dioxide. The carbon monoxide tTn;m_st; g Infarmation \
obtained is then reacted with water to form Vo

.. % of total Nitrogen fixation in
carbon dioxide and more hydrogen gas. %ﬁ environment is contributed

7\, bythe Haber process.
CH,, + H0 y—> CO,, + 3H:0 SR

co, + H,0, — €O, P, “
-

1. Why isammonia g@rned into%uid afterits production?
2. Why high pre& is mamt(md in the production of ammaonia?
|

Preparation of Sulphur dioxide gas |}

Sulphur dioxide gas is produced either by burning elemental sulphur in air
or roasting a sulphur ore, iron pyrite, in excess of air.

S + Oyy— SO,
4FeS, , + 110,,—> 2Fe,0,, + 850,

Chapter-18
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Sulphur dlomde produced above is then passed thmugh purlfylng
chambers and sprayed with steam. This process removes dust impurities as well
as arsenic compounds present in the gas. This step is important because arsenic
compounds poison the catalyst used later on. The moist gases (SO, and O,) are
then dried by passing through a drying tower in which concentrated sulphurlc

acid is being sprayed.
Oxygen used in this reaction is obtained by the fractional distillation

[(2) Oxidation of Sulphur dioxide ]
The clean and dry gases (SO, and O,) are then pdssed

{Jover vanadium (V)
e through a contact

gas is converted to SO, {Figure 18.2).
r 'y Sulphuric acid is called the "king of
280, + 02@% 2 “’  chemicals" because it is used in

_ 23 awmsphere )

@Imosteveryindustry.

; I . Concentrated sulphuric acid

50,

Water
w A Gas
N\ AAAA
A) so,
— | Oleurn
Dry air __ |HS0,
Furnace Convertor Absarber
» .
Water |-
u Sulphuric
Figure 18.2; Contact process acitl H.50,
— R
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4
appropriate amount of water to produce

T . ' 1. HowSO, is prepared from FeS,?
sulphuric acid with desired concentration. 2. Why SO, and oxygen are purified

I . | ?
H,S,0,0 + HO4 2H,50,, before they react to produce SO,?

18.3 Oxides

Binary compounds of elements with oxygen are called oxides$, Oxygen
shows an oxidation state of -2 in these oxides. Metal oxides are« )
and amphoteric while non-metallic oxides are acidic in nat
acidic oxides are formed when metals and non-metals are
the presence of air or oxygen. Metal oxides are typi
which electrons are transferred from metals to ox
covalent compounds where electrons are
oxygen atom.

[ () Basic Oxides])

Oxygen reacts with metal
produce hydroxides. They cha '
give salts.

d respectively in
y Tonic compounds in
. Non-metal oxides are
, between non-metals and

ve’oxides which when dissolved in water

By * 2Cam—> 2Ca0,
2HCl,, —> CaCl,y, + H,0,

0,y + 2Cu,— 2Cu0,
CuOy+ 2HCl,, —> CuCl,,, + H,O,

i) Acidic Oxides ]
Oxygen combines with non metals (S, C, N} to give acidic oxides.
These oxides react with water to give acids which turn blue litmus red.

Sulphur dioxide

SOZ@ + Hzo m_) HzSOgm

Sulphurous acid

Chapter-18
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Ok Co—5 €0
€O, + H,0, —H,CO;

Carbonic acid

Acidic oxides react with bases to give salts.

SO, + 2NaOH,,—Na,SO; + H,0 \b
Sodium sulphite O
CO,q + Ca(OH), ,,— Call,, + H,O, 0

[(iiii) Neutral Oxides J} Q\Q

Neutral oxides are those oxides which on co @‘th water produce
neither an acid nor a base. Their aqueous solutions Eav action on blue orred

litmus paper. Examples are carbon monoxide ( 0), c oxide {NO) and nitrous
oxide (N,0).

[(iv) Amphoteric Oxide J
Amphoteric oxides are us f rmed when oxygen reacts with less

electropositive metals.
ZZn ,@(&Znom
)

@ 2 §@,—)2AI 0
These oxm‘%q] as an acid and a base. Zinc oxide and

aluminium oxi av§a€b? s in the presence of an acid.

o + 2HCl,, — ZnCl,,, + H,0,,
\O Al 05,(sl + 6HCIm — ZAICIM + 3H,0,

& hese oxides behave as acids in the presence of an alkali.
ZnQ, + 2NaOH,,, + H,O, — Na,Zn{OH),., _
Sodium zincate Water is an amphoteric
AlL,O,;, + 2NaOH ,;, + 3 H,0, —> 2NaAl{OH),,, | substance.ltcanactas both
Sodium aluminate an acid and a base,

- R
depending on the other
substance it reacts with.

These oxides are insoluble in water and have
no action on litmus paper.

; Nitrogen and Sulphur\ { 62 Chemnstrcyha;t‘?gc




» 1. Whylead oxide s called an amphoteric oxide?
/ 2. Whynon-metals form covalent oxides?

18.4 Metals

Nearly three fourth elements shown in the periodic table are called
metals. Metals show remarkable properties. Mostly metals occur in earth.

the form of their oxides, hydroxides, carbonates and sulphides etc. __
Metals have a tendency to lose electrons and form catio Ushally they
form ionic bonds with other elements. '

[Reactions of Metals with Cold Water ]
Most of the elements present in the first and sec

table react vigorously with cold water producing the

hydrogen gas.

d group of the periodic
respective hydroxides and

If two pieces of u « led
permanently stuck Q‘ her. It d ot happen on Earth because
the atmosphe ls a thi ayer of oxide between the surfaces

which act§ a @ g adhesion.

Magnesium ov e eacts with cold water slowly giving magnesium

Mg, + H,0,— Mg(OH), , + Hyq "

ions of Metals W|th Steam |}
The more reactive the metal, the more readily it reacts with steam.
Reactive metals like lithium, sodium, potassium and calcium react violently with
steam and the reaction can be dangerous.

Beryllium and aluminum react with steam at high temperatures (around
700 °C) to give their respective oxides and hydrogen.

| Be,, + H,0,—> BeO,, + H,
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Magnesium, iron and Zn have a moderate reaction with steam producing
their respective oxides and hydrogen gas.

Mgy + H.Oy—> MgO , + H,

[Reactions of Metals with Oxygen |

Metals react with oxygen to give metal oxides. The ease of reacﬁoh and
the type of oxide which is formed, depends upon the reactivity of meta]s and the
conditions used. U\

Sodium burns in air with yellow flame producing both sodlu'm oxide and
sodium per oxide. >

4Na, + O0,,— 2Na,0, £

2Na, + O,y —> Naz%%

Magnesium, calcium, strontium and barlum Burnin oxygen with colour of
the flame characteristic to each metal glvmg thelr respective oxides.

[ Metal || Colour of flame 1

Mg Intense white flame \_|)

Ca White flame. mth a
tlngeofred I

Sr Cnm__sqq__ﬂame_.

Ba |} Apaleg reer\""-ﬂ?rﬁ'én;-” |

Figure 18.3: Strontium flame Figure 18.4; Barium flame

.[%lons of Metals with Dilute Acids ]

The more reactive the metal the more vigorous is its reaction with dilute
acids. Sodium and potassium are very dangerous and react violently with dilute
acids giving their respective salts and hydrogen gas.

2Na,, + 2HCl ., — 2NaCl,, + H,,

All group 2 elements also react with dilute acids giving their salts, and
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hydrogen gas. The reaction generally
becomes more vigorous as we move down

(' 1184 Quick Checlc

thear 1. Write the equation for the reaction
€ g Qup. between Ba and H,0.
2. How do aluminum and zinc react

18.5 Role of Oxides of Nitrogen in Spreading Air Polnu:"'lon

The primary pollutants in the atmosphere include oxi -; hitrogen,
sulphur and carbon and various hydrocarbons etc.
These primary pollutants are then converted into pollutants

through various reactions going on in the iﬁi;r;a;ting Information \
atmosphere. The main secondary pollutants are B llian s razoonsibla for

ozone, per oxyacetyl nitrate (PAN), ut seven to eight million
‘and ‘deaths annually. It is a significant

riskto child health,

Electric arc

2NO

gen presentin air.

Combustion of fossil fuels in vehicles, various industrial processes and
electricity power plants are the main man-made sources which generate NO, in
the atmosphere. Apart from these, agricultural activities and fertilizers also
contribute to NO, emission.

Heavy traffic during morning and evening hours together with industrial
processes emit a huge amount of oxides of nitrogen (NO,) and most volatile
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organic compounds (VOCs) inthe atmosphere
Ultraviolet radiation present in sunlight interacts with the oxides of
nitrogen and VOCs through a complex series of chemical reactions to produce
secondary pollutants like ozone, aldehydes and peroxyacetyl nitrate (PAN).
Oxides of nitrogen are also responsible for the formation of another type
of pollutant called acid rain. Especially NO, reacts with water and other cher

presents in air, to produce vapours of nitric acid and nitrous acid.

| 2NO,,, + H,0 ;— HNO,, + HNO,

earth as acid rain.

Oxides of nitrogen (NO,) can also act,
primary pollutant, sulphur dioxide present(in
another major component of acid rain.

t are the harmful effects of oxides
\4 itrogen on human health?
ow do oxides of nitrogen pollute

enwronment?

iltiple Choi::e Questions

(A)

@ " Choose and tick the correct answer from the given choices.

" The reason for maintaining higher temperature for the production of
ammonia is:

(@)  activation energy ofthe reaction is very high.

(b}  activation energy of the reaction is very low.

(© nitrogen and hydrogen are both gases.

(d) at low temperature nitrogen and hydrogen change into liquids.
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The contact pmcess used for the industrial pmductlon of H,SO, is
sensitive to the impurities presentin SO, and O, because the impurities;

(a) affectthe capability of the catalyst
(b)  affectthe purity of H,SO,
(©) do not let SO, to react with oxygen

(d)  decreasetherate of reaction appreciably
Which of the following oxides is neutral in character?
@ ALO, (b) SO,

@ €O, (d NO

Secondary pollutants presentinthe :

(a) Oxides of nitrogen (b) oSquhur
(©) Ozone and PAN (d) es of Carbon

SO, is absorbed in H,SO, rathe
sulphuric acid because:

(@) SO, does not react with

(b)

()
(d)

(b) Basic

(d) Neutral
H,SO, and HNQO, (b) H,SO, and HNQ,
H,SO, and HCI (d)  Aceticacidand HNO,

How is nitrogen obtained from air?

18.2 Howis hydrogen produced from methane?
18.3 Which conditions are used to oxidize SO, to SO,?

¢ ) Nitrogen and Sulphur \
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Why CO,is called an aC|d|c omde while CO is called a neutral oxide?
Which secondary pollutants are produced by oxides of nitrogen?

Why ammoniais regarded as an important chemical?
How SO, present in the atmosphere is converted to $O,? \k~

The burning of fossil fuelsin a car engine is responsible for th ction
of oxides of nitrogen. Explain.

How fossil fuels produce SO,? .\L\'
%

Explain the production of ammoniaoni u&aﬁ’scale.
Describe the contact process for thgﬂ ction of sulphuric acid.

Explain the formation and properties of acidic and basic oxides.
Describe the role of oxides i en in the formation of PAN and the

acid rain.

Descriptive Questions
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Chapter @
Water

Student Leaming Outcomes

After studying this chapter, students will be able to: Qﬁ\%

+ Investigate chemical tests for the presence of water using anhydrous copper

+ Explain how to test the purity of water using melting point and boiling pg

+ Distinguish between Distilled water and tap water with their appli¢a
chemistry.

= State that water from natural sources may contain useful anﬁg;% substances. (Some
examplesinclude:

dissolved oxygen %@

metal compounds w

plastics

sewage

harmful microbes

nitrates from fertilizers 4

. phosphates from fertilizers and d _

» Recognize that some naturally ocurring substa e

(some examples include: @

a. some metal compounds that are foxic

pRs in practical

@ "poanpge

S in water are potentially harmful

b. someplasticsth aticlife
c. sewagethat Microbes which cause disease
d nltrates anc _. %t lead to deoxygenation of water and damage to aquatic

omestic water supply; (some examples of thisincludes:

'F Itration to remove solids.

b.@e of carbon to remove tastes and odours

() chlorination to kill microbes

escribe various water-bome diseases and the steps that can be taken to avoid them

Identify the negative effects of water pollutants on life and the ways to avoid them.

+ State that urea, ammonium salts and nitrates are used as fertilizers.

» Explain the use of NPK fertilizers to provide the elements nitrogen, phosphorus and
potassium forimproved plant growth.

Iife ;
» Explainthe treatmeritofthe d
a. :}% ntation and
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Water is essential for all forms of life on earth. All living organisms contain
plenty of water in them. They also need water every day to support life.

Identifying the presence of water has many important applications which
include determining the purity of substances and analyzing chemical reactions.

[ Test for Water )}

Testing water is important for food and
pharmaceutical industries where the presence of
water can affect the product quality and safety.
Hydrated copper(ll) sulphate (CuSO,. 5H,0) is blue
in colour but when it is heated, it loses wategy
molecules to become anhydrous coppeﬁ‘(ll)__'}_
sulphate which is white in colour. A drop of\ wafer j
on anhydrous sample of copper(ll} suLphate
changes its colour from white to blue (Fjgure 19. 1)

CusSO, + 5SHO=—

White

C Figure 19.1: Water test
Itis avery sensﬁwetgst and can detect even a small amount of water.

Pureiwaf"“r. b0|ls a§100 °C and freezes at 0 °C under standard conditions of
temperatireland pressure The impurities present in water will change both
theseﬁgh‘j@lcal constants.

U point at STP. If it boils at 100 °C, it is pure sample of water. The presence of

impurities in water will slightly increase its boiling point.

2. Another test to check the purity of water is to determine melting point of
the sample. For this purpose, cool the sample of water until it freezes.
Observe and record the temperature at which the ice begins to melt. If its
melting point is 0 °C, it is pure water. A melting point below 0 °C suggests
the presence of impurities in the sample.
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The |mpur|t|es presentin water raise the boiling
point but lowers the melting point. Both these
constants are specific to standard conditions. At high
altitudes or lower pressure, these values will change. freezing point?

How purity of water can be
checked by determining its

Water which is supplied to our homes, shops and offices come@
taps and is readily available for any usage. This water may eit me from
rivers, lakes and ponds or from underground sources.

Tap water contains minerals like salts of calci d magnesium
depending upon the source from where it is obtained: m contains chlorine
and fluoride salt which are mixed with it during tment. It is a conductor of
electricity due to the presence of free ions from '%d minerals. Its pH has the
range of 6.5 to 8.5 depending upon its soun&?\

Water obtained after the process™6f distillation is called distilled water.
The process involves heating water tog tstéam and then condensing this steam
back into liquid water. This processef féc oves all the dissolved minerals,
microorganisms and contaminants fromw lxﬁg\nng behind only pure water.

The purity of distille erm %’ldeal for use in the laboratories,
medical procedures an@armac tical industry. lts purity ensures accurate
scientific measureme K@ of medical equipments and to prevent

corrosion,
Distill ter c@ms only water molecules (€ AITFITTIL )
without acteria, OMS, gases or other contaminants. why tap water is a
Although it is safe to drink but it may not have conductor of

Its pH.i
n WA electricity whereas

ary minerals needed forthe body. Itisalsoabad *** }
distilled water is not?

ictor of electricity due to absence of ions.

' 19.4 Substances Present inWater Obtained from
Natural Sources

Water from natural sources such as rivers, lakes and aquifers contains a
number of substances which maybe useful or harmful for our health.
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' Useftll Substances

[ Dissolved Oxygen |}

Oxygen enters the natural water from the atmosphere through the

process of diffusion. It is also produced by aquatic plants and algae in the process
called photosynthesis.

This absorbed oxygen is then used by the aquatic organisms mcludlng

fish to breathe and survive. The health and diversity of an ecosystem directly

depends upon the amount of dissolved oxygenin awater body \ 9

Harmful Substances and their Effects on tgp ‘_?1"-353_ of Water

. (i) Harmful microbes '

Both surface and ground water which ar’%"vital sources of fresh water can
be contaminated by various human actwrtres YHarmful microorganisms like
bacteria, viruses and parasites enter |nto natural water through human and
animal wastes, landfills, agrlculturai runoff and waste water from industries.
Sewage from wastewater treatment plants or, from faulty septic tanks can release
pathogens directly into nearby water body ¥ lese bacterial contents can cause
such infectious diseases as dysentery, typhmd hepatitis and cholera.

(i) Heavy metals @the&r@ounds

Heavy metals like léad, mercury, cadmium and chromium and their
compounds cat enter i, natural water through many routes. Waste water from
factories may contain heavy metals and their compounds, which are eventually
releasedhinto rivers and other water bodies. Similarly, mining operations and use
of ferfilrzers and pesticides can contaminate both ground and surface water with
Yiedyy metals and their compounds.

Heavy metals and their compounds not only damage vital organs like liver
and kidney, they can also lead to neurological problems. Arsenic and cadmium
are known to increase the risk of certain cancers.

'_ (iii) Plastics

Very small particles of plastics called microplastics are present in both tap
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rainwater when it carries plastic debris to water sources, and by degradation of
plastic waste. Plastic tiny particles have been found in some human organs like
lungs and blood. These particles can disturb the immune and reproductive

systems.

(iv) Nitrates and phosphates |

Nitrates and phosphates enter natural waters throu
rocks. They can also enter in water through human sources st
fertilizers, detergents and industrial wasterwater. They are ntial nutrients for
plant and animal life. However, if amounts of these pounds exceed a limit
they can affect the quality of water and cause eutfophication. Eutrophication is
the name of the process which starts in a water'body containing excess of
phosphorus and nitrogen nutrients. The & essive amounts of these nutrients
6 grow excessively. This overgrowth of
¢ gen level in water which is not only

agriculture

Three types mostly present in water obtained from
natural sources.
1. Dissolv

2. Su impurities’
3. Micréarganisms™

order to remove these impurities different methods are applied which
sedimentation, filtration, distillation and treatment with liquid chlorine

[ (1) Sedimentation

Insoluble impurities present in natural water include soil, pieces of plants
and other organic matter and sand. These impurities are bigger in size and are
often removed by the process called sedimentation. In this process water

> o~ Chapter-19
k) Water | ( 73 ) Chemistry - X TECH




‘:. s -~
. ' ! I<. 4}?}; }% . '_‘,_

obtamed from natural sources is pumped
into sedimentation tanks (Figure 19.2)
where water is allowed to stand for a few
hours. The suspended particles present in
water settle down at the bottom of the
tank due to gravity and form a layer of
sendiment. The cleaner water at the top
can then be extracted for the next stage.

[(2) Filtration
This process is used to remove suspended A
are generally not removed in the sedimentation process.'for r this purpose water

is allowed to trickle through layer of sand and grav: rs which trap these solid
particles. &v
| (3) Chlorination || g

Water must be sterilized befaf eAurans can use it. For this purpose all

harmful bacteria and other @THINGS

Mostly a small amount of Ii&&id hIorin% added TO KNOW

which has the powerto kiual@segem@ Water from different
sources requires different

§ treatment methods.

| (4) Removal of t\
Water i "ﬂa powdered activated carbon in the form of
Q‘t astesand odours. Activated carbon removes a wide range of

charcoalto q
organic co unds resp on5|ble for taste and odour through absorption. Odour
removed by exposing water to airin a process called aeration.

).6 Effects of Pollutants Present in Water

Water pollution affects human health, ecosystems, aquatic organisms and
industries that are dependent on good water quality.

How to Control the Negative Effects of Pollutants

Water Pollutants can disrupt aquatic ecosystems through eutrophication
and destruction of habitats. Polluted water can also lower crop yields and
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contaminate food sources.
Negative effects due to water pollution can be controlled by taking a

number of steps:

1. Sewage and industrial wastewater should be treated before it is
discharged into water bodies.

2. Plastics must be reused or recycled to minimize their production. \

3. Chemical cleaners, fats or oils and grease should never be thrdwn down
the drain.

4, Minimize the use of pesticides and fertilizers in agriculty

5. General public should be made aware of the '

harmful effects of water pollution thr0ugh
publlccampalgns 1. "Which pollutants are
6. Implement and enforce laws for the strict|

"~ harmful foraquaticlife?
2. How to identify if water
is polluted?

partlcularTy?wra;i hepatltls is also caused by drinking contamlnated water.

[Erpi}ﬁlon of water-borne Diseases ]

“Water-borne diseases can be avoided if we strictly follow the following
instructions.

1s Drink clean water after removing impurities and boiling to kill the germs.
2. Practice hygiene by keeping your body especially hands clean. Ensure
proper sanitation facilities are available.
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19 7 Elements Essentlal for Plnt Growth )

Plants need nutrients from the soil for a healthy growth. The elements
essential for the plant growth can be classified as micro-nutrients and macro-
nutrients.

[Micro-nutrients (Trace elements) J} KL&”
N\

The nutrients which are required in a very small amount for the.grg
plants are called micro-nutrients. These include boron, copper, icgmmanganese,
zinc, molybdenum and chlorine. Only minute amounts of Eh%ig%@%ements are
needed for healthy plant growth and it may be dang

o add too much
quantity because they are poisonous in larger qua s. These are generally
required in quantities ranging from 6 grams to ZOOWS peracre.

[ Macro-nutrients | 4 |

The nutrients which are - %%e;a e amount for the growth of
plants, are called macro—nutrienti’:f include nitrogen, phosphorous,
potassium, calcium, magnesium rq. hydrogen and oxygen. These
are generally requiredin quant 3 Kg to 200 Kg per acre.

19.8 Fertilizers @) a%;&@

Fertilizers are the, stance added to the soil to make up the deficiency
of essential elements @t%hltr iﬁ%‘hosphorus and potassium (NPK} required
for the proper gro %bf plaats@%tartlllzers enhance the natural fertility of the soil
and prowdg}thg} mic 1@ ints taken up from soil by the previous crops.

[Essent'aluhualltlx.,o Good Fertilizer J)

vgry compound of the desired elements cannot be a fertilizer. The
é% elements should be present in the compound in a water soluble form
‘%ﬁg‘ ily available to the plants. The compound employed as fertilizer should be
stable in soil as well as in storage e.g., it should not absorb moisture or set to hard
stony materials with time, Above all it should be cheap to manufacture.
The essential requisites of a good fertilizer are:

(i} The nutrient elements present in it must be readily available to the plants.
(i)  Kmustbe fairly soluble in water so that it thoroughly mixes with the soil.
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iy 1 should notbei |njur|ous to plants.

(iv)  Itshould beinexpensive.

(v} It must be stable so that it is available for a longer time to the growing
plants.

(viy  Itshould notalter the pH of the soil.

(vii} By rain or water, it should be converted into a form, which the K can

absorb easily.

19.9 Classification of Fertilizers

Fertilizers are classified according
to the nature of the elements like
nitrogen, phosphorus and potassium

which they provide to the soil. This s Welluas microbes required for the
classification gives the following types of & uth of plants. Biofertilizers improve

fertilizers. health and structure. They also
) ) .. @» ncrease biodiversity and reduce the
0] Nitrogenous fertilizers o % f need for harmful chemicals. They also

(i} Phosphatic fertilizers % t soil degradation.

(i) Potassium fertilizers K %

| Nitrogenous Fertili rg

These ferhhzer{?aﬁply @%n to the plants or soil. Nitrogen is required
during the early sta ’ffpla%w wth for the development of stem and leaves. It
is the main cor *s;% ent ofvpreteins, imparts green colour to the leaves and
enhance th Fé%ﬂ and.quality of the plants. Some examples of nitrogen fertilizers
are; amm%m squR&te calcium cyanamide, ammonia, ammonium nitrate,
ammhﬁ@iyn phosphate, ammonium chloride and urea.

lfﬁ" rea is a high quality nitrogenous fertilizer. It contains about 46%
gen and is the most concentrated solid nitrogen fertilizer. It is the most
%ﬁﬁdely used nitrogen fertilizer in Pakistan.

Ammonium nitrate is a useful fertilizer for many crops except paddy rice
because the microbial bacteria in flooded fields decompose it to nitrogen gas. It
is also used in combination with limestone. It is hygroscope in nature.

| Phosphatic Fertilizers |
These fertilizers provide phosphorus to the plants or soil. Phosphorus is
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reqmred to stlmulate early growth and to accelerate the seed and fmlt formatlon
during the later stages of growth. It also increases resistance to diseases. The
various phosphatic fertilizers have different compositions, due to which they
have different solubilities. The two most important water soluble fertilizers are
super phosphate (calcium super phosphate) Ca{H,PQ,),, and triple phosphate
(diammonium-phosphate (NH,), HPO,). "

N "‘%
[ Potassium Fertilizers | . “% -

These fertilizers provide potassium to the plant or s%@}}otassmm is
required for the formation of starch, sugar and the fibrous material of the plants.
They increase resistance to diseases and make the pl sé@gong by helping in
healthy root development. They also help in ri penlng ﬁeeds fruits and cereals.
Potassium fertilizers are especially useful for tobacc%;«?éeffee potato and corn.

Some common examples of potasygxgl izers are potassium chloride,
potassium sulphate and potassium nitratfes; N\

ﬁa?‘

@.—
o’

o Multiple Choice { 3

Choos?a d"tic th 2 cotrect answer from the given choices.

1. %tgf 5:
b 85 @ 7 d) 75
2. Rip unpleasant odours inwater can be removed by:

'if‘ajé adding chlorine {(b) treatingitwith activated charcoal
g«% (@&  sedimentation (dy filtration
%33 The source of harmful microbes in natural water:

(a) human and animalwastes (b}  fertilizers used for crops

{c) industrial waste-water {d) microbes in rocks
4, Which gases are dissolved in natural water from the atmosphere through
diffusion?
@ 0,andCO, (b} N,andCO,
(©) 0O,andN, (dy O,N,andCO,
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Short Answer Questions

19.1
19.2
19.3
19.4
195

19.6
19.7
19.8

19.3
19.4

19.5

The fertlllzer harmful to paddy riceis:
(a) Super phosphate (b} Ammonium nitrate
(s] Urea (d)  Potassiumsulphate
Fertilizers which increase the resistance of plants towards diseases and
make plants strong by healthy root development are;
(a) Nitrogenous fertilizers (b}  Phosphate fertilizers
(8] Potassium fertilizers (d) Magnesium fertilizersbe't~

Name two methods to check the purity of water.
Whatis the main difference between tap water apd @
How water is distilled in the laboratory?

Name useful and harmful substances pre

How you would remove harmful bacieriag id other microbes present in
water? N\

What is the difference betweepse péntation and filtration?
Name any three water-borp '
Why fertilizers containim& d
Whatis trachoma dis@.

ascriptive QUEStIOI'ISI

ow domestic water supply can be made fit for drinking?
Which measures should be taken to avoid water-borne disease?
What are fertilizers? Mention the essential qualities of a good fertilizer.

What are the main functions of nitrogenous, phosphatic and potassium
fertilizers?

How can you avoid the negative effects of pollutants present in water?
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e z@ Organic Chemistry

After studying this chapter, students will be able to:

» Describe organic molecules as either straight-chained, branched or cyclic. - .

» State that a structural formula is an unambiguous description of theﬁ@éy ?he atoms in
molecules are arranged, including CH,=CH,, CH,CH,0OH, CH,COQCH,

» Identify and draw structural formulae for molecules. y

» Interpret general formulae of compounds in the same hﬁrﬁglogous series including
alkanes, alkenes, alkynes, alcohols and carboxylic acids. N -

» Define structural isomers as compounds with the same ﬁaﬁ]éfcular formula, but different

structural formulae, including CH,, as »::HBCHzcy2 ;:')”“ﬁﬁﬂ CH,CH{CH,)CH, and C,H, as
CH,CH,CH=CH, and CH,CH=CHCH,. \ !

» Identify a functional group as an atom or roup of atoms that determine the chemical
properties of a homologous series @qud ngs”ithat for alcohols, aldehydes, ketones,
phenols, carboxylic acids, amine, estgm,@hdamlde ~

» Describe the general charactenst;cs%f;ﬁomologoﬁs ?enes These caninclude:
Hawngthesamefunctlonalg"spup
b. Hawngthesamegeneral?ggmula
¢.  Differingfromone meﬁebertothe 1ext by a CH, - Unit
d Dlsplaylngatﬁenﬁ hysma ;iroﬁertles
Sharing S|m|lfa5§%mlcalvpmpemes
ﬁrated cgnif)ouﬁd has molecules in which all carbon-carbon bonds are

» State that aﬁ unsaturate‘d compound has molecules in which one or more carbon-carbon
bdv@sare not single bonds,

" Slamé‘ and draw the structural and displayed formulae of unbranched alkanes, alkenes,

Cohols, and carboxylic acids. (Include but-1-ene and but-2-ene, propan-1-ol, propan-2-

ol, butan-1-ol and butan-2-ol.

« State the type of compound present given the chemical name ending in—ane, -ene, -yne, -
ol, or -oic acid or from a molecular, structural or displayed formula.

» Name and draw the displayed formulae of the unbranched esters which can be made from
unbranched alcohols and carboxylic acids, each containing up to four carbon atoms.
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Organic Chemistry
An organic compound is a chemical compound primarily composed of
carbon atoms that are covalently bonded to each other or to other elements.
Apart from carbon, majority of organic compounds also contain hydrogen.
Other elements which may also be present include oxygen, nitrogen, sulphur and
halogens etc. For historical and conventional reasons a few of the,

compounds such as its oxides, carbonates and hydrogen carbonai ’ C. are
studied as inorganic compounds. Organic chemistry is defined ag’ hatt
chemistry in which we study compounds of carboni aod hydrogen
(hydrocarbons) and their derivatives.

20.1 Classifications of Organic Com_ounds

There are millions of organic compounds. Ihisp ractically not possible to

study each individual compound. To facilit study, organic compounds
are classified into various groups and sut) s. They may be broadly classified

into the following classes.
(i) Open chain or Acycliccom

i Organic chemistry plays a vital
(i) Closedchainor CycIIC( comp% role in developing new materials

with specific properties, such as

‘ ddrugs.
(i) Open Chain or cﬁfc pounds | bl

This type of* @oun @r ins an open chain of carbon atoms. The
chains may be hed on-branched (straight chain). Open chain
@g it

compound @ln cyclic compounds are also called aliphatic
compou

Straiggham {or non-branched) compounds
X@)— CH,-CH,-CH; || HC = CH - CH,-CH, || CH,- CH,- CH, - CH,- OH

\l Butane But-1-ene Butan-1-ol
=

Branched chain compounds

CH, - CH — CH, (|:"Is
| CHS o= C == CHa
CH, |
2-Methylpropane 2,2-Dime(t:11l;llimpane
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(' i) Closed Cham orCycllcCompounds

"l Interesting Infdrm;ation "

These compounds contain oneormore L Nbiliby of carbron! atorm kol farm
closed chains (rings) of atoms and are known four bonds creates an almost infinite
as closed chain or cyclic compounds. variety of molecules which make

When the ring contains carbon atoms orga"'“hem'swveryuseml
only, the compounds are called carbocylic compounds. However, i nng
contains other atoms alongwith carbon atoms, the compound called
heterocyclic compounds, Carbocyclic compounds are further classifi das,

(1)  Alicycliccompounds (2)  Aromatic compou, '

(1) Alicyclic compounds fﬁ%’

The carbocyclic compounds which contain a ring of three or more carbon
atoms and resemble aliphatic compounds are, alicyclic compounds. The
saturated alicyclic hydrocarbons have the eral formula CH,,. A few typical
alicyclic compounds are given below. f% _Q‘%

H, H,
C

H C
/Cz ~ ClHZ H, (I:/ ™~ ﬁH
H,C —CH, HCH. HE_CH, HC

H, H,

L Cyclopropane _ (&Iob% Cyclohexane : Cyclohaxene
B 4 w .
(2) Aromatic c v%ﬁnds%%M
Aro a@om L1y Jare of many types. The simplest among them are

' |l or or

H i Benzene
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= 1.  What s the difference between cyclohexane and benzene?
272, Give two examples of branched chain compounds.

20.2 Structural Formula

The structural formula of a compound shows the arrangement of atoms
and bonds present in that compound. It gives enough information to unde

the structure of a molecule clearly. While showing the arrangement of atorms ina
molecule, it is usual to omit maost of the single covalent bonds in the
molecule. Only important bonds such as double and triple bg are shown.

Identical groups present in the molecules can be bracketed teéet er while some
other groups are also shown using brackets. '

There are various ways of drawing the struc | formula of organic
compounds and the students should familiarize with altof them.

[Displayed Formula or Full Structural ula I
This formula shows the detallew%iure of a molecule showing the

relative position of atoms, the nu type of bonds between them. The
bonds are represented by lines. >

[Condensed Structural ;
This formula still usds li

carbon to hydrogen bonds
>
__ Table 20.1 g(.b @d andﬁ{@naﬂ Structural Formulae
Condensed Structural
C /Dis) F I
ompou & L played Formula Fapsols
. i
\ H—(I:—cI:—H CH,-CH,
H H
H H
| CH,=CH
Ethene R 2 2
Ethyne H-C=C-H HC = CH
il
Propane H—(I:—(I:—$—H CH, - CH, - CH,
H H H
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Compound

[ Condensed Structural

Formula

Butane

CH, - CH, - CH,- CH,

But-1-ene

CH, = CH — CHs="CR,

But-2-ene

CH3 _CH=CH - CHa

Ethanol

CH, - CH, - OH

Propanol

CH, - CH, — CH,
OH

Propan-2-ol

CH, — CH - CH,
OH

Butanol (1)

CH, - CH,— CH, - CH,
|
OH

CH, = CH — CH, - CH,
OH

Ethanoic acid

7
CH,-C-OH

Propanoic acid

[
CH,-CH,-C-OH

¢ Organic Chemistry\
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Condensed Stfuctu ral

Compound
Formula
Tho 0
Methyl ethanoate H-C—C—-0—C—H Il
! ! CH,-C—-0-CH,

i

@ 20.2 Quick Checkl Write down the displayed and condensed formulae wm,

ethyl ethanoate, 2-methylpropane, but-2-ene and pe|

20.3 Homologous Series sz |

Organic compounds have also been classified Eﬁs families. Each
family contains closely related organic compoun elr structure and
chemical properties are similar. The different famll@;ge known as homologous

series. %@
Characterlstlcs of a Homologous Ser ;{{ -

»
The common characteristics o);xh
()] All the members of the sei N
For example, the gener%g&foﬂnula fo% -
called alkanes is C H2 i )ere n represents the number of carbon atoms
present in a me ene formula of some other families are
given below, JQS%&

Serles%f\ G e%l» rmula

é@ﬁmbers of a homologous series are:

A|ken$5§;% 1. Write down the molecularfom'lula of a
é@-j N=CHone carboxylic acid having three carbon
Alcohols | C,H,,, OH e s

2. Write down the molecular formula of an
fy@rboxyl acids | CHz, . COOH | alcohol containing four carbonatoms.

Nabj)§ Successive members of the series differ by CH, group and 14 units in their
relative molecular masses.

(i)  Different members in a family have common functional group e.g. all the
members of carboxylic acid family have -COOH group as the functional
group.

(ivy The members in any particular family have almost identical chemical
properties due to the presence of the same functional group.
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(v)  The physical properties such ;s melting point, boiling point, density and
solubility show a regular change with the increase in the molecular masses.
(vi)  Allmembers of a series can be prepared by similar methods.

20.4 Isomerism

phenomenon is called structural isomerism.

The simplest hydrocarbon to have structural isomers is 6 "‘Ufahe (C H,o).
Methane, ethane and propane do not show the phenomen§""h of isomerism
because each exists in one structural form only. If we study th structural formula

of butane or other higher hydrocarbons of the alkane fii‘tﬁﬁil;iife will observe that
it is possible to arrange the atoms present in the mlecule in more than one way
to satisfy all valencies. This means that it is poss@‘e;&a have two or more different
arrangements for the same molecular formula For example, butane molecule
can have two different arrangements a ept;esented by the following structural
formulae:

"(J°CH,-CH-CH,
2-Methylpropane

This fact has, be@m suppor;ée{“by an experimental evidence that there are
two compounds mtfydiﬁerent physmal properties but with the same molecular

Asthe I’H..IbeEF 9fxarbon atoms in a hydrocarbon increases, the number
of possy_tg_le isbmers increase very rapidly. The five carbon compounds, pentane,
has thF‘ee;rlsomers When the number of carbon atoms increases to thirty, the
g Aber of isomers are over four billions.

*  Structural isomerism is not confined to saturated hydrocarbons only. In

-

fact, all classes of organic compounds and their derivatives show the
phenomenon of structural isomerism.
Butene (C,H,) has two structural isomers.
CH; - CH,-CH = CH, | CH; -CH = CH-CH,

But-1-ene But-2-ene

Y s . . Cha pter\-zo
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20.5 Functional Group |

A functional group may be defined as an atom or group of atoms that
determines the characteristic properties of an organic compound. For example,
the family of alcohols have its characteristic properties due to the presence of -
OH (hydroxyl} group, called the functional group of alcohols. \b

O

Functional Group
H—C—
i 0

Some important functional groups are described below;ii‘*

[(a) Hydroxy Group (-OH) J /(\@
This group is present in the family of compo called alcohols.
CH,-OH

Methanol

If hydroxyl (- OH) group is a ched to benzene ring the compound is a
member of a series which is nam ph en&@

Q. &

[(b) Aldehydx PR
present

This gr \Lin the family called aldehydes. For example,

Formaldehyde H-oC-H Acetaldehyde Chi-C-n

@etone Group ] (:: C = O where R is an alkyl group)

The homologous series which contains a ketone functional group is called
ketones.

QMethanal or 9 Ethanal or 9

ii
Propanone or Acetone CH,-C-CH,

il
Butanone CH,—-CH,—- C-CH,
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[(d) Carboxyl Group | (- g— OH)

This group is present in the family of compounds called carboxylic acids.

il
Methanoic acid or Formic acid H-C - OH I

O
i
Ethanoic acid or Acetic acid CH,-C-OH

O
[(e) Amino Group  J(-NH,) 5?\9

This group is present in a series of compou nds&@hphatic amines or

aromatic amine. . NH
Methyl amine CH, - I\v\ @‘
Y

Ethyl amine CH, NH, Aniline

[ (P Amide Group } (_g_

in(b'\gﬂy called acid amides.

Amide functional grou

({Qam{ apc—NH2

s%neCH —C—-NH,
&d

l(g) Es roup > ¢-OR)
@r group is present in a family called carboxylic esters.

@ Methyl ethanoate or 0 (& 1204 Quick Check!

Methyl acetate CH;—C-0OCH; 1. How phenols are different from

alcohols?
Ethyl ethanoate or (|? 2. What is common between the
CH,-C-0CH, formula of aldehyde and ketone

Ethyl acetate functional groups.
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Table 20.2 Roots used

20 6 Namln Oranlc Comounds

for IUPAC Names

The early organic chemists prepared many No. of
organic compounds and gave them names which are Root ?t;bn::
called common or trivial names. These names are Mait= 3 -
quite often used because they are very simple and -

easy to use. However, due to existence of a large Prop-
number of organic compounds and their complexity, But-
it is not possible to give common name to every | pent %‘
compound individually. To deal with this problem, the
International Union of Pure and Applied Chemistry ,

(IUPAC) has introduced a systematic way of nammg \Oct-
organic compounds called IUPAC nomenclature, Non-
Dec-

[1 Alkanes J

The organic compounds contait
hydrocarbons. The hydrocarbons/in
utilized using single bonds onf . fated hydrocarbons or alkanes.
While those containing at lea 0 riple bond are called unsaturated
hydrocarbons. The saturated hydrocarbofis or alkanes may contain one or more
carbon atoms and they astraight chain or a branched chain.

Methane (CH,Jis the simplest member of saturated hydrocarbons.

According\to” IUPA system of nomenclature, the entire name of an

carbon and hydrogen only are called
e four valencies of carbon are

1. Root: Aumber of carbon atoms in the longest continuous chain
esent in the molecule. The roots up to ten carbon atoms are shown in Table

2, Suff: It is added after the root and tells us about the class of organic
compound.
3. Prefix: It is indicated before the root and tells us about the group or groups
attached to the longest chain.
The molecular formulae, the displayed formulae or the condensed
structural formulae of some alkanes are given in Table (20.3):
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62 ~o” .

ek ST
Table 20.3 Formulae of Alkanes
H
Methane CH, H-C—H
H
CH; HH
Ethane H-C-C—-H
CH,~CH, q b
CH, HHH
Propane H—-C—-C—C—H
CH,~CH,~CH, Lol
CHy HHHH
Butane H-C—-C—-C—C—H
CHy~(CH,),~CH, B8 e _
Pentane CH., CH,~CH,~CH~CH,~CH, £ OJ
Hexane CH., CH,~CH,~CH,~CH,~CH,CH,
Heptane CHe CH;—CH,~CH,~CH,~CH~C
Octane CoHae CH—CH,~CH=C +CH,~CH,~CH,
Nonane CHa CH3—CHzﬁ?€gI§CHrCHz-CHz—CHz—CHa
Decane CioHa CHy-CHECH 2 CH,~CH,~CH,~CH,~CH,~CH,~CH,
f —
/

(2 Alkyl Group |}

An alkyl group is formet when an a R _
hydrogen atoms. For exampl@

molecule loses one of its many

)
or H—?—
H
Methyl
H H
A — or H—(IZ—(IZ—
O CHs CH; —C
@ Ethane H H
Ethyl

Generally, an alkane is represented by R-H and an alkyl group is
represented by R—,
To explain the IUPAC system, let us name the following compound.

CH,— CH,— CH,— CH,
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a) Identlfy the Iongest continuous chain present inthe compound
b) Identify the class of organic compound.
The organic compound contains four carbon atoms in the longest
continuous carbon chain and it belongs to the family of hydrocarbons called
Alkanes. The root is, therefore, But- and the suffix -ane is added to this. The

organic compound will, thus, be given the name Butane.

[ CH,—CH,— CH,— CH,

Butane Longest Continuous Chaig

dccording to

) CH,—-CH,-CH,%
D] CH, - -

_ cHz — CH,

(3. Alkenes |

Hydrocarbons containing at
called Alkenes. '
Alkenes are named in tt
—ene. The rules for naming alkerje
1. Count the numbeﬁ&t carboﬁgtoms in the longest continuous chain that
hthek arb atoms of the double bond.

|[CH,—CH=CH,
Propene
b 2 3 4 [ 1 2 3 4
CH,=CH—CH,— CH, CH,—CH=CH-CH,
_ But-1-ene _ But-Z-eng
' CH,=CH—CH,— CH,—CH, || cH,—CH=CH—CH,—CH,
Pent-1-ene | Pent-2 gne
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[4. Alcohols )
Monohydroxy derivatives of alkanes are also called alcohols. General

formula for alcohol is ROH. According to IUPAC system, alcohols are named

observing the following rules.

(i} The longest chain of carbon atoms containing the hydroxyl group | is taken

as a parent hydrocarbon. The ending ‘e’ of alkane is replaced by 'o
(i) Thelongest carbon chain is numbered, starting from the end where..ca'rbon
atom attached with hydroxyl group gets the lowest possible, number
(iii)y The position of hydroxyl group is indicated by a number pTaced before the
-ol. " .;. .
Names and condensed formulae of some 5|mpfe alcohols are given in the
Table 20.4: '

Table 20.4 Names and formula "Alcohols
Alcchol CH,OH GHCHOH £H,—EH,—CH— OH
Common Name |Methyl Alcohol _yEthyl __glcohol Propyl alcchol
IUPAC Name Methanol .:Ehénol Propan-1-ol
albi EH— ci-l—éH S CH, CHy—CH— CH—CH,

OH O\ C OH

Common Name |Iso- Propyl Alcohol n-ﬁﬁ%yl Alcohol Sec-Butyl Alcohol
IUPAC Name . \\ Butan-1-ol Butan-2-ol

(5. Carbow ids (]

OngamCCOmpeunds containing a carboxyl group (-COOH) as a functional
group ate called carboxyllc acids. They are also commonly called fatty acids
becau { ;,»sbme carboxylic acids are obtained from fats. They are represented by
égeneral formula RCOOH.

% The IUPAC names of carboxylic acids are derived from the names of
alkanes containing the same number of carbon atoms as the acid. The ending "¢’
of the alkane name is replaced by '-oic" acid.

The common and IUPAC names of some common carboxylic acids are
shown in Table (20.5).

Y = T Chapter-20
7 Organic Chemustrﬂ { 92 l Chemistry - X TECH |

[ Y 5



R

[ Interesting Information A

The common names of carboxylic acids are derived from the source
from which they were first isolated. Formic acid was first isolated from
red ants. The Latin word Formica means ant. Similarly acetic acid was
isolated from vinegar. The Latin word for vinegar is acetum.

Table 20.5 Names of Carboxylic Aclds

Carboxylic Acids HCOOH CH,COOH | CH,CH,COOH
Common Name Formic acid Aceticacid | Propionic acid
IUPAC Name Methanoic acid | Ethanoic acid | Propanoic acid

(6. Esters

formula RCOOR.
Esters can be prepared by reactin
presence of an acid catalyst.

'€H,CH, COOCH,CH,+ H,0
Ethyl Propanoate

CH,CH,COOH + CH;- CH

Propanoic acid Etha

Common and IUPACk esters are shown in Table 20.6.

*

Esters @%} b CH&%&S‘: CH,COOCH,CH, HCOOCH,CH,
Commog e Aeth Ethyl acetate Ethyl formate
IUPAC-Name dethyl ethanoate | Ethyl ethanoate Ethyl methancate
N ‘Esters CH,CH,COOCH, | CH,CH,COOCH, CH,CH,CH,COOCH,
Ethyl Propionate | Methyl Propionate Methyl butyrate
IUPAC Name Ethyl propancate | Methyl propancate Methyl butanoate

% Organic Chemistry\
"
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) Condensed structural formulae of some organic compounds are given below.
Write down the names of their families.

I

0} CH;—ClH —CH, (ii) CH,— CH, — C— CH, (iif) CH;—?=CH-C
OH CH,

(iv) (lle—CHz-CHa (v) C,H, ) CH,, O

COCH
0

. .\S
1l
i) H— 8 —H (viii) CH~ CH,~ C- O — CH, &@

Choose and tick the cg answer from the given choices.

oh @
for ngbmpound Hl(IZ - CH,-CH,.

Choose the correct IUP@a e
2

O
(a) But-3-ene,<\ \ dk (b} But-1-ene

{©) But-2- {(d) Butene
2. Selecta edc compound.
(%@Q = »— CH, (b) CH,= (I: —CH -CH,

CH,
Q)Q CH,— CH = CH - CH, (d) CH,-CH =CH-CH,-CH,

$ Which is the displayed formula of ethanol?

(@ CH.OH (b) CH,-CH,-OH
) ()

(¢ H-C-C-OH (d) H-C-C-O-H
MR b

= T Chapter-20
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‘.?
@ -C-OH (by -OH

0 0
© -C- d -C-H \{‘
5. Select the general formula of alkyne family. O
@  CHa., (b} CH, O
(© CH... (d) C.H,..
6. How many structural isomers will be there for/K@pa ed hydrocarbon
having five carbon atoms?

@ 2 b) 3%
o &

7. Which ester among the followi Qlll e called ethyl propanoate?
(@) CH, C OCH, Q’H - CH,- C OCH,
0 O % 0
\ Il
(o CH, ,C \O (d) CH,-CH,-C-OC,H;
8. Which %a is presentin alkenes?

(Q un group
Carbon-carbon triple bond
Carbon-carbon double bond

‘$ (d) Carbon-carbonsingle bond

| Short Answer Questions

20.1 What is the difference between saturated and unsaturated
hydrocarbons?

20.2 Write down the structural formula of Butan-2-ol.

= T Chapter-20
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.20.3 WhylsethylamlneCH -CH, NH calledanorganlccompound?

204 Write down the formula of an ester called ethyl methanoate.

20.5 Define structural isomerism.

20.6 GivelUPACnametoCH,-CH,-CH,-CH,

20,7 What is common in carboxyl group, amide functional group a%ester
functional group? O

O

similar chemical

20.1 Why the members of a homologous series ha
properties? A

20.2 How are the properties of 2-methylpropane different from n-butane,
both containing the same number of carl -

203 Write down the structural formulaé_of{isomers shown by saturated
hydrocarbon containing five carb6n atoms.

204 Write down the structural fo |

20.5 Explain the difference afic
ketone and carboxylic a&d\. |

'6f the isomers shown by butene.

%@und? How organic compounds are classified
on chain present in them?

1ol mula giving examples.
frite down five characteristics of a homologous series.

ve [UPAC rules for naming alcohols.
Name the following compounds.

(@) CH,-CH,-CH,0H

(b) CH,-CH,-CHO

{& CH,-CH,-CH,-COCH

(dy CH,-CH,-CO-0O-CH,

= T Ve =. Chapter-20
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e 23 Hydrocarbons

After studying this chapter, students will be able to:
» State that the bonding in alkenes includes a double carbon-carbon covalent bond and th
are unsaturated hydrocarbons.
= Describe the manufacture of alkenes by the cracking of large alkane molecule:
temperature and a catalyst.
» Describe the reasons for the cracking of large alkane molecules.
» Describe the test to distinguish between saturated and unsaturated hydroca
with aqueous bromine and KMnQ,.
+ Describe the properties of alkenes in terms of addition reactions wi
o bromine or aqueous bromine
o hydrogen in the presence of a nickel catalyst
o steam in the presence of an acid catalyst and draw the st
products
= Describe, using symbol equations, preparati
halogencalkanes and alcohols. =
« Identify alkynes as hydrocarbons containing trip!
are unsaturated hydrocarbons.
= Describe the use of ethyne as fuel for wel

21.1 Alkenes

Alkenes are unsat

high

their reaction

al or displayed formulae of the
Ikenes by elimination reaction in

 ca rbon-carbon covalent bond and that alkynes

while in dehydrohalogenation a molecule of hydrogen halide (HX) is
ved from a molecule of alkyl halide. Alkenes can also be prepared by

cracking of alkanes.
1. By Dehydration of Alcohols
Dehydration of alcohols is carried out with a dehydrating agent like

concentrated sulphuric acid.

180°C
CH—CH—OH ——— CH,=CH,+ H,0
Ethanol ZS 4 Ethene

Y - - - Chapter-21
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i By Dehydrohalogenatlon of Alkyl Halides
Dehydrohalogenation of alkyl halides is done with potassium hydroxide
dissolved in ethanol.

180°C
CH,—CH,Cl + KOH —— > CH, =CH, + KCl +H,0
Chloroethane Alcoho Ethene

This is an example of - O

Elimination reactions. These alkenes occur abundantly in na u@ene, for
reactions occur when a example is a plant harmone that j ripening in
molecule is removed from a fruit. An alkene B- o

saturated compound to carotene is an orange «@

pigment responsible

produce an unsaturated forthecoburofcarr?\

compound. gt
3. By Cracking of Alkanes &?\ \ : /
to Alkenes
Cracking is a process which I%f out to convert high molecular mass
alkanes to lower alkanes and alKer ess is carried out by heating
alkanes at high temperature if, the: bsen% oxygen and in the presence of
zeolites as catalysts.
Cracking is impo t co rcially because it produces smaller alkanes
which are useful as fu eII sé-es (ethene and propene) which are useful
starting materials duc y commerciallyimportant chemicals.
% 9Q)ll and diesel oil which contain higher molecular

For ex , ke
mass alkag\a eﬂe&d to give petrol, alkenes and hydrogen gas.
Q\)Cb Kerosene oil % Petrol + Alkenes + Hydrogen gas
@ Zeolite
c15H32 soooc 2c2H4 + CSHE + CBH15

Ethene Progne Octane

21.2 Important Reactions of Alkenes

Alkenes are very reactive compounds. Their chemical reactivity is due to
the presence of a carbon-carbon double bond. They undergo addition reactions.

3 —, . Chapter-21
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Addition reactions are those reactions in which reactants combine to form a
single new product.
1. Addition of Hydrogen

Hydrogen is added to alkenes in the presence of nickel metal as a catalyst
to give alkanes as the products. This reaction is called catalytic hydrogenation or

catalytic reduction. \b
O

CH, = CH, + H oz T = T | Q)

2
150 °C, 2 atm. pressure Fthane

2. Addition of Halogens
Halogens are readily added to alkenes in th e@?ce of a non-polar
solvent to give alkyl dihalides.

ccl, ? j
CH, = CH, + Br, —>?|, cle
C,} Br Br
1.2 - Dibromoethane

3. Oxidation with KMnO, 0
nd dilute alkaline potassium

Alkenes can also reatt with @
permanganate to give an ortant pound called ethylene glycol or

ethane-1,2-diol. '&

_ KMnO
H,+ FhO™+ [O] — =, |CH,—clH2

\ O OH OH
A Ethan-1, 2-diol {Glycol)

\ _— e

h halogenation and oxidation reactions may be used to detect the
of an alkene. The reddish brown colour of bromine or purple colour of
\- fassium permanganate is rapidly discharged when either of two reacts with an
alkene. Similarly alkenes also discharge the violet colour of iodine.

These reactions are not given by saturated compounds or alkanes. Thus
they are used to distinguish between saturated and unsaturated compounds
(alkenes).

4, Addition of Hydrogen Halides

Like halogens, hydrogen halides can also be added to a double bond of an

3 " Chapter-21
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alkene. These reactions are known as hydrohalogenation of alkenes.

CH, = CH, + HBr ——— CH, — CH,Br + HBr
Ethene Hydrogen Bromoethane
Bromide

5. Addition of Water (Steam)

Alkenes react with water in the presence of sulphuric acid. Th%&tﬂon
takes place at around 300 °C. This is also called hydration reaction. g

H HHH H H
[ I H,SO, ||
H-C=C-C-C=-H+HO ———> H-C-C -H
| 300 °C &-I |
H

I
H H &
But-1-ene + Water ﬁ) tan-2-ol
21.3 Alkynes « E

Alkynes are unsaturated hydr which contain at least one -C=C-
bond. They are represented by ral fermula C H,_,. Just like alkenes,

4 \ :
alkynes are also named by COEU the numbgérof carbon atoms present in the

longest continuous chain tha tains the tfiple bond
CH=CH, a0 CH,-C=CH
ethyne, il
(AW | 2 %.1
CH—@EHZ—% CH,-C=C-CH,
1I\ut-1 - But-2-yne
T implest ‘\unsaturated hydrocarbon

cont'g a triple bond is called ethyne or
acetylene gas. It is commonly used for welding and
utting purposes because it produces a large
amount of heat when it is ignited in the presence of ;
oXygen or air. Figure 21.1: Acetylene torch

2CH=CH +50,——» 4C0O, + 2H,0 + Heat
In the acetylene torch, acetylene gas burns in oxygen to produce CO, and
H.,O. The high temperature of the oxy-acetylene flame speeds up the cutting and

3 Chapter-21
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welding processes.

Acetylene gas is also used for ripening of green fruits. When solid calcium
carbide reacts with moisture present in the air it produces acetylene gas which
accelerates the ripening of the green fruits and induces a colour change.

Do You Know?

The use of calcium carbide in our country is prohibited because it is known to %E’
serious health problems like dizziness, vomiting and skin ulcer. 6

21.4 Refining of Petroleum

Petroleum in a crude state is a mixture of many h ﬁ%bons which do
not burn easily. To make it useful, petroleum must bé ated into different
fractions by a process called refining of petroleum.

Refining process involves the fractional distil
400°C whereby it is separated into many us% (

) m Butane &
’ Propane

The first step in the refining
process is neutralization of the

crude oil by washing with acidic 65 °C
basic solu{ion as g:equired. (b.\Q) SIS Gasoline
neutralized oil is then heated(in)a julﬂilc_'rr_l_
electric furnance above 40Q°C and& — Naphtha
the resulting gases_4 oufs') | 200 °C
are allowed to p Bl R Kerosene
fractionating ¢ Crude Oil _|’T_|’T_T‘|_||_L
the Figu 3 : _ — Diesel
num cmpartments divided
i ves having holes in them, uel il
holes are covered with é
btlaaps The oil is ~ Lubrication oil,
When the oil is heated, the heated in Parrafin Wax,

dissolved gases known as the a furnace Asphalt
refinery gases first go at the top of
the fractionating column and Figure 21.2: Refining of Petroleum

escape there from the outlet
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shown in the Figure 21.2. As the temperature rises, the vapour start going up in
the column where the hydrocarbon fractions which have high boiling points are
easily condensed to liquids in the lower part of the column, The fraction which
have lower boiling point ranges rise up near the top of the column as vapours,
which are then condensed into liquid state. These condensed liquid fractlons are
collected on the various shelves from where they can be drained offi ntaseparate
storage tanks. The fractions thus separated are not without impurities *Fpém the
other fractions. They are then redistilled to have a bette,in%sapﬁratlon of
hydrocarbons. {

| _EXERCISE

o Multiple Choice Questions

Choose and tick the correct answﬁ@m the given choices.
1. Which of the following compoundsii rf é%gécted to give addition reaction?
' g

(a) CH,-CH, ,ﬁ"} ”Qéhf CH,=CH,
@ CH, AXAD CHy=CH~CH,
2. Indicatethetype ofthefolﬁ&ﬁmg reactiofns
Cl'!a”’k 20, _,,,g% F+ 2H,0
(a) Substltutloy\’ ¢ ‘"(i?)) Oxidation
(©) Reductlm“ {c) Addltlon

(b) CH,=CH,
(dy NaOH

N (@ 1,2—Dibromopropane (6)  1,1-Dibromopropane
(© 2,3-Dibromopropane {d} 1,3-Dibromopropane
5. The molecule eliminated in the following reaction is:
CH, - CH, - Br + KOH —2%®, Y, = CH, + KBr + H,0

(@ B (by H,
()  HBr (d HO
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0 Short Answer Questions

21.1  Givetwo examples of addition reactions.

21.2 How ethene is oxidized by cold aqueous solution of potassium
permanganate?

21.3 Differentiate between elimination and addition reactions. \k~
214 Name the starting materials used to generate oxyacetylene fi

.\.

21.1 What is the difference between the ter dehydration and
dehydrohalogenation?

21.5 Howcan an alkene be identified?

212 You have got two test tubes A a ntaining a saturated and
unsaturated compound (Alkene). I you identify the two?

213 Whyis oxyacetyleneflame so §
214 Doyouexpectethyneto d?ﬂ

solutlon of KMnO,?
chI d to ethene?

21.5 Howdochlorineandh

Descriptive Questicns

Describetwo ods qxwkaratlon for ethene.

212 Explain wl{gampl

21.3 Giw
&

racking of alkanes.
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Chapter 2}

Monohydroxl\_:
Alkanes or Alco olso&

NS

After studying this chapter, students will be able to: +

» Describe the manufacture of ethanol ;&I
(This can be done by discussing fermentation of aqueous glucose at 25-35 *C in

the presence of yeast and in the absence of oxyge ytic addition of steam to
ethene at 300°C and 6000kPa /6 atm in the prese an acid catalystincluding a
of the two methods)

comparison of the advantages and disadvantage:

« Describe the combustion of alcohels  #
+ Explain the role of alcohols in ¥y
cosmetics, and fuel production . *

+ Discuss the impact of alcohol:
disinfectants

such as pharmaceuticals,

h daily lifeni elud ing their use as solvents and

N O
Monohydroxy 9r a{oh? are an important class of organic
compounds. Some ofithése al¢ohols can be obtained by the reactions in which
living organismi&% sed %ai'c Iysts. They can also be synthesized in the
laboratory. O

Et Icshol orgthanol is a very important member of this homologous
s manufactured

on large scale by the following processes:

2.1 Manufacture of Ethyl Alcohol (CH,-CH,-OH)

ermentation of Glucose by Yeast ]

Fermentation is a reaction in which a substance breaks down into simpler
substances in the presence of enzymes present in yeast. Preparation of yogurt,
bread and ethyl alcohol are some examples of the fermentation reactions.
Glucose can be converted to ethyl alcohol in the presence of yeast at around 35°C
and in a neutral or acidic solution. This fermentation reaction must be carried out

Chapter-22
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in the absence of air (anaerobic conditions) to obtain ethanol. Yeast contains an
enzyme which acts as a catalyst in this reaction. The balanced chemical equation
for the fermentation of glucose is as follows:

CH,0. —35Cs 2CHOH +2CO,

Glucose Yeast Ethanol
Carbon dioxide gas comes out of the reaction mixture leavinglbahind a
mixture of ethanol and water. ¢
The temperature of the process must be kept arounfj 358C to get the

maximum yield of the product. A lower temperature decrea .. €5 the rate of the
reaction whereas the higher temperature makes. ’ﬁhe eﬁzyme inactive in
anaerobic conditions. Oxygen is excluded from thg,qeactlon because it converts
the resulting ethanol into ethanoic acid.
Since ethanol is toxic to yeast in high<{| &
concentration, yeast is made inactive whiéh [\ What is the role of yeast in

h f eth | h ¥ fermentation reaction?
the concentration of ethanol int erea Bm + At which temperature enzymes
mixture exceeds 15%. :

N % present in yeast getinactive?

[ Hydration of Ethene ﬁﬁhyleﬁﬂ )

Hydration of etheriéis an addition reaction. In this reaction water is added
across the double bof pf the, ethén“e The reaction is carried out by passing a
mixture of ethene'""“- d' steam over hot phosphoric acid (H,PO,), which acts as a
catalyst. _ | O™
Hydjfogén atoMm OfH, 0 attaches itself to one carbon atom of ethene and
the hydrqul group to other atom. During this addition the double bond breaks

downtogive a saturated compound, ethanol.

CH, = CH,, + H,0 R EHZ_ c'C)HHz
— =+ >
E2H1ene i i 300°C, 60 atm, pressure  Ethanol

Gaseous ethanol obtained is then condensed into its liquid form.
Hydration of ethene is an important industrial process because ethanol is a
versatile compound. It has a wide range of applications from alcoholic drinks to
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fuels and as a solvent.
Table 22.1 Comparison of methods of production of ethanol

Hydration of Ethene Fermentation

Reaction is performed at high temperature | It takes place at around 35°C and at
and athigh pressure. atomspheric pressure.

Starting material for the process is obtained | Starting material for this me
from crude oil, which is a non-renewable | renewable source, such as cane;

source.
5
Rate of reaction is high. Rate of reaction is Iow.-%,.m take days to
complete, £ @

n prt;}ces 15% alcohol which
gf~distillation to increase the
in, Distillation requires energy.

The reaction produces relatively pure alcohol. | The reactip

v
ol produced in this process is cheap.

Ethanol produced in this method is expensive. (

S excluded when the fermentation
t?

the preparatlon of ethene

2CH,OH + 30,— 5 2CO, + 4H,0 AH = -726 k)/mol |

Methanol

C.,H.OH + 30, ——— 2CO, + 3H,0 AH = -1367 kJ/mol
Ethanal

==

' 2C,H,OH + 90,— 6CO, + 8H,0 AH = -2017 ki/mol |

Propanol

=
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| 2 4H:OH + 120 —>8CO + 10H,0 AH = -2676 kJ/moI

Butanol

During combustion of alcohols the weaker C-H bonds in —CH, groups
break and the stronger C=0 and O-H bonds are formed in CO, and H,O
respectively. This explains why the amount of heat evolved increases with the
addition of a—CH, group in the alcohol homologous series.

@ '22.3 Quick Checkl |

Why does butanol evolve a higher amoun tthan
propanol when burntin oxygen? y\

22.3 Role of Ethanol in Industries
[ Pharmaceutical Industry |

ihgredient in a variety of
ry. It possesses bactericidal
hand sanitizer and methylated

Ethyl alcohol serves as a very com
manufacturing processes in pharmaceutical’in
activity and it is often used as a disinfecta
spirit. It is also commonly used as a ‘
preservative in many pha
preparations including vaccin

Ethanol and isopropapol,
active ingredient in certai

Interestmg Informatlonl \

hanol as a fuel reduces greenhouse

{ Z* gas emissions by 44 to 52% as

¥Lasan compared to petrol. Besides this,

; opical ethanol also cuts down on other

), harmful pollutants like CO, NO, and
\Z€ many particulate matter.

drugs.
| Cosmetic

Being highly volatile it evaporates in a very short time.
Deodorizing and anti-inflammatory properties.

Refreshing and antimicrobial properties.

Ethanol is an important part of such cosmetic and hygiene products as
hair styling products, foundation creams, perfumes, deodorants and after shave
lotions.
| Fuel Industry |

Alcohols are used as fuels instead of petrol and diesel to run an
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automobile. The first four allphatlc alcohols namely methanol ethanol
propanol and butanol have such properties which make them suitable to be used
ininternal combustion engines.

22.4 Impact of Alcohols on Daily life

Ethyl alcohol is an essential part of first aid kit in every home in the form of

methylated spirit. Methylated spirit is used as an antiseptic, for d * ng of
wounds and as an antidote for snake bites. In many parts of the wor@ thanol is
used as high efficiency fuel to drive vehicles. Ethanol is widely used as a solvent in
perfumes. It is relatively safe and can be used to dlssolﬁe, " any organic
compounds which are insoluble in water. &

Do You Know?

Ethyl alcohol as a drink can cau afigover, alcohol
poisoning, accidents and risky behdviouf. Long-term use of
alcohol is known to cause morg.tha different diseases.

o Multiple Choice Qusastions
Choose and tick Q correct’

answer from the given choices.

1. Whlch condmﬁ @Ed best for the fermentation of glucose?
sence of oxygen
(b) yea
(c C, abgenee of oxygen
)  35°C, fresh yeast
hich catalyst other than H,PO, can also be used for hydration of

alkenes?
(a) NaOH (b} H,SO,
(c} CH,COCH (d¥ Ni
3. Alcohol which has the maximum heat of combustion is:
(a) CH,CH,CH,OH (b) CH,CH,OH
(c) CH,OH (d¢ CH,CH,CH,CH,OH
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4, Which property or properties of ethanol make it suitable to be used in
cosmetic industry?
(a) Easily Flammable
(b)  Highlyvolatile and deodorizing
(@) Antipyretic
(d) Sedative sb
5. Which is the correct name of the following alcohol: 0
CH,-CH-CH,-CH-CH,

OH CH,
(@  2-Methylpentan-4-ol %\hy entan-2-ol
(d) a

(©) Hexan-2-ol n-4-ol
6. Which property of ethanol makes it rcleamng wounds?

(@) Goodsolvent @ Volatility

(c)  Antiseptic Deodorizing

22.2 Howisethylalcoheli orta%:’orp armaceutlcallndustry?

ermentation reactions.
d in the hydration of ethene.

How ethanol is obtained as a by-product in sugarindustry?
y do we getrelatively impure alcohol in the fermentation process?

3:)_Descriptive Questions

22.1 Give a comparison of fermentation reaction and catalytic hydration of
ethene for the preparation of ethanol.
22.2 Describe the preparation of ethanol by fermentation process.

22.3 Describe the applications of ethanol in pharmaceutical and cosmetic
industries?
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Chapter 2@ Carboxylic Acids

After studying this chapter, students will be able to:

» Describe the reactions of carboxylic acids with metals, bases and carbonates |
names and formulae of the salts produced.

» Describe the formation of ethanoic acid by the oxidation of ethanol; with aci ueous
potassium manganate {VI1) & by bacterial oxidation during vinegar pro
» Describe the reaction of a carboxylic acid with an alcohol using an

acid ¢
ester >

+ Describe the industrial applications of carboxylic acids and/8
solvents, flavours, fragrances, and plastics.

+ Explain the role of carboxylic acids and esters in dai

e class of organic compounds
ched to an alkyl group or hydrogen.
the mineral acids because they do

They are generally weak acids as
not give proton easily. They o
be synthesized.

and oxidizes ethanol to ethanoic acid and during this reaction the purple
sur of the reagent changes to colourless.

0

: I
CH,~ CH,- OH+ [0] MDOM , ey c_H+ HO

Ethanol Ethanal
(0] 9]

| : I
CH-C—H + [0] KMNOM, oy c_oH + HO

Ethanoic acid
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[Preparation of Eth ve Fermentation ]

Alcoholic foodstuffs like grain, malt, rice or potato mesh are converted to
vinegar when they undergo fermentation reaction in the presence of bacteria.
These bacteria can produce vinegar from alcoholic foodstuffs if sufficient oxygen
is provided. The overall chemical reaction in this fermentation process is:

CH,CH,OH+0,— CH,COOH + H,0
Ethanol Ethanoic acid

In this process, alcohol is fermented to vinegar in a tank'groyided with a
continuous supply of oxygen. The liquid present in thé_tank is stirred
continuously when the oxygen is bubbled through it, % method, vinegar
containing 15% ethanoic acid can be prepared in only 24 heurs.

1. Canyou oxidize meth

nolwith KMnO, just like ethanol?
Q-ﬁwﬁ@ﬂlﬂb@hecﬂﬁ 2. Explain the ‘

itween a fermentation reaction

and a chemical tion.

23.2 Reactions of Carboxylic A.cids as Acids

Generally carboxylic acit
However, some carboxylic a u react w%nore reactive metals rather slowly to
regen gas. %r example, dilute ethanoic acid reacts with

n ethanoate and hydrogen gas.

Magnesium
Ethanoate

tion with Bases |

“Reactions of carboxylic acids with bases like metal hydroxides are simple
sutralization reactions. Ethanoic acid reacts with sodium hydroxide to give
sodium ethanoate and water.

: CH,COOH + NaOH —— CH,COONa + H,0

Ethanoic acid Sodium Sodium ethanoate
hydroxide
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T Reaction of Carboxyllc Acids with Carbonates )]

When solid sodium carbonate is mixed with an aqueous solution of
ethanoic acid, effervescence takes place due to evolution of CO, gas and sodium
ethanoate is formed in the solution.

2CH,COOH + Na,0, ———  2CH,COONa +CQ, + H,0
Ethanoic acid Sodium Sodium ethanoate N, l
carbonate P

Reaction proceeds slowly with marble chips (CaCO,). " AO
2CH,COOH + CaCO, — 5 (CH,CO0),Ca +cg‘_’§b|{o

Ethanoic acid Calcium Calcium ethanoate ®

carbonate

23.3 Reaction of Carboxylic Acids with Aicchols (Esterification)
Carboxylic acids form esters when t ateheated with excess of alcohols
in the presence of concentrated H, &) a catalyst. Reaction is called

esterification reaction.
CH,COOH, + CH,CH @E@l COOC,H; + H,0
Ethanoic acid :ﬁ )@ Ethyl ethanoate
an ester)

H

2 4
CH.COOH + H dﬁ—x gtl;;:ggf:o:: + H,0

Elhanmc acid «

s ethanoic acid aweak acid?
How will calcium carbonate react with ethancic acid?

23.4 ilj.dustrial Applications of Carbo

boxylic acids and Esters as Solvents |

lic Acids and Esters

Acetic acid dissolves many compounds such as oils, sulphur, iodine and
water. In industry, acetic acid is used as a solvent for resins, paints and lacquers.

Esters are also commonly used as solvents. Ethyl acetate is used to extract
caffeine from coffee. It is also used as nail polish and paint remover. Some
volatile esters are used as solvents for coatings, paints, varnishes, plastics, resins
and lacquers.
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Interesting Information ;|

Pure acetic acid is also called glacial acetic acid. It is a corrosive
and colourless solid, completely miscible with water.

[ Carboxylic acids and Esters as Flavouring agents |

Flavouring agents are substances added to give an additi nal taste or
flavour to a substance. They also help in masking unpleasant.fastes of drugs
especially used by children. Organic acids like tartaric acid and malic
acid are very commonly used as flavour enhancers i ndustry. The sour
taste of foods is largely due to these acids. They arg.also responsible to improve
the taste of some food and beverage products gﬁy soft drinks.

Esters have pleasant odours and jflavours. They are added to food
products to improve their smell or taste. /™~

[ carboxylic Acid and Esters a€ Sy

Esters have also an impo f’ the production of synthetic
polymers. A very important ﬁ(m r, polyests r is made by reacting diols and
dicarboxylic acids. Esters G important in the manufacture of soaps and

detergents. 0 &
Carboxylic a\ nd tl@rivatives are very commonly used to give
ics. Far e

different types o\&ﬂy mple, acetic acid is used in the production of
cellulose a lastie, Ralmitic and stearic acids are extensively used in the
productia&t@oap metics, pharmaceuticals, candles and protective
i Oleic acid is used in the manufacture of soaps and detergents. Acrylic
arting reagent to prepare many long-chain polymers called acrylates.
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Food preservatives are chemical compounds WhICh are added in food
stuff to prevent or retard the growth of microorganisms, for example, benzoic
acid, acetic acid, propionic acid and methyl and ethyl esters of 4-hydroxy benzoic
acid. The presence of these preservatives helps to maintain the quality of food

and extend shelf-life. The foods which are preserved include jams, jui uit

Carboxylic acids and the & tained from them are very
commonly used as medicin h as Ii&'and ibuprofen. Addition of some
carboxylic acids during p nion of médicines help to improve drug delivery,
absorption, and overa

ormapee:
Citric aci arer%ﬁ;ily plasticizers which are used in many

industries. Pol n‘gt late is used as a substitute of glass and it is
named asPQé‘ss. %

Figure 23.3: Polyester Figure 23.4: Plexiglass

T T ’ Chapter-23
{ Y Carboxylic Acids \ [ Chemistry - X TECH |




Carboxyllc acids occur in many common household fragrant items. A list
of suchitemsis given in the Table 23.1:
Table 23.1 Carboxylic Acids in House hold items

Item Carboxylic Acid
Vitamin C Ascorbic acid
Lemons Citric acid \t~
Vinegar Acetic acid O
Apple, grapes, carrots Malic acid

Esters are an important component of many fruits and pon5|ble to
enhance their flavours. They generally have a pleasant s II and they are
commonly used as fragrances in many food produ?’:{cggsed in daily life. The
following table shows the names of the esters andithe flavours attached with
them. '

Table 23.2. Esters and their Flavours & E
Esters

Methyl butyrate
Ethyl butyrate

(& 23.3 Quick Check!

« Explain the function of a

- preservative.
n-Amyl acetate + Give examples of some
n-Octyl acetate citrous fruits.

Methyl salicylate - A@'icot -

n:k the correct answer from the given choices.

@; entify the ester functional group:

(@@ —-COOR (by —COOH
@@ =C=0 (dy —-CH,~OH
2. During the oxidation of ethanol by acidified KMnO,, which element is
reduced?
@ K by O
& Mn dy H
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(a)
(b)
(c)
(d)

Fermentation of foodstuff in the presence of acetic acid bacteria needs a
sufficient supply of oxygen. What is the role of oxygen in this process?

(a) It enhances the reactivity of bacteria
(b) It oxidizes ethanol which is formed during the reaction
(©) Itinhibits the destruction of bacteria
(d) It inhibits the oxidation of acetic acid
Which organic acid is used as a component of food?

(@ Formicacid (b)  Oxalicacid_ |

(© Propanoic acid () Acetlcaqd
Which of the following acidsis present in apﬁl%??

(@  Citricacid ), 'Earta ri Eacid
(€  Aceticacid (df \
Which substances will reactto pmduce CH,-CH,-CH,-COOC,H;?
CH,CH,CH,COOH and CH .H__ N,

CH,CH,COOH and CH, CH OH
CH,CH,CH,COOH and CH CH oH L
CH,CH.CH, CH CCJE)H and CH OH

What is the 'ula of ‘ester formed by the reaction of methanol with
propanoltadﬂ? )

H"'coecH €H, (b) CH,CH,COCH,

Malic acid

() CH CH COOCH (d) CH,CH,OCOCH,

Which polymer is made by reacting a diol and a dicarboxylic acid?

(@) Polyethene (b) Polyester

(c) Polystyrene (d) Polyamide
Which compound is used as a synthetic fiber?

(a) Methyl acetate (b) Polyester

(© Resin (d) n-Amylacetate
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Short Answer Questions

23.1 Whatis an esterification reaction?
23.2 Name an oxidizing agent used to oxidize alcohols.

23.3 Why sufficient oxygen is provided during fermentation to prepare acetic
acid from ethanol?

23.4 Whatisthe role of carboxylic acids in the preparation of bever&
23.5 Givea practical example in which an acid or an esteris us@ lavouring
agent.

236 Which carboxylic acids are very oftenly used as f o@énhancers?

Which property of acetic acid does make it &ble to act as preservative

in pickle?

Lonstructed Response Q LS

How does ethanol react with Qc acid?

23.2 Howdoesaceticacid rea g and @CO ?
23.3 How carboxylic acids ar sed as sol&
234 How carboxyllc acu:ls sed in Ilfe?

Descriptive G

23.1 Explain fx ation“reaction which is used to prepare acetic acid on
SC

}& aIEO
23.2 ethein ial applications of carboxylic acids and esters.

233 \Qat are flavouring agents? Which carboxylic acids are used as flavouring

® gents?
4 Explain the reactions of carboxylic acids with metals and carbonates.
23.5 Describe applications of esters in daily life.
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Chapter ZE Biochemistry

After studying this chapter, students will be able to:

« Explainthe importance and basics of nutrition and healthy eating

* Recognize the main biomolecules; carbohydrates, proteins, lipids and nucle 5. their
sources along-with the required daily intake for young adults

+ Identify carbohydrates as a source of energy N\
» Describe proteins as natural polyamides and that they are fo Q&'Trom amino acid
monomers with the general structure

» Drawthe general structure of proteins
» Explainthe sources, use and structure of proteins, lipi
 Describe the importance of nucleic acids

» Explain vitamins, their sources and theirimpo

the processes taking place in livi
Carbohydrates, lipids

which not only provide ener

body structures. Lipids pr '

alh ng organisms. They form skin, hair, muscle,
of animals. They also play a very important role

oils come from a variety of natural sources like animals, plants
ne organisms. Animal fats are particularly located in tissue cells. Butter
pe are a special type of animal fats which are made from milk.

1. Which two functions are performed by proteins?

0‘24"‘1‘@"1*‘;"“""" 2. Ismilkafat, aprotein orboth?

24.1 The Importance of Nutrition

Nutrition is the study of the nutrients present in food and how they
maintain a healthy body. Nutrients are the components of food that are needed
on regular basis to maintain health and prevent diseases. A healthy human body
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needs the following nutrients.
[1. Carbohydrates

They are the main source of energy for the human body. They also help
body to use protein and fat efficiently.

A healthy adult needs 225 to 325 grams of carbohydrates per day for a
standard 2000 calorie diet. However, individuals with higher activity Iei?éliéfzmay

need more carbohydrates to meet their daily needs.
[2. Lipids J}
They are also essential nutrients because they act.las“major energy

reserves for our body. They also provide insulation and protedaen for vital organs
of our body. A daily intake of fats for an adultis roughly be’eueen 44 t0 78 grams.

[3. Proteins |

They also supply energy to our body., They are needed to build new cells
and repair the injured ones. An adult shoulg: conSume 60 grams of proteins per day.
[4. vitamins and Minerals ] ~ \_J

They help in growth, reproductron,'and the operation and maintenance of
the body. A balanced dietrichin fruxts veget«ablesand grains can provide most of
the vitamins and minerals needed daily. ¢

Basus of Healthy Eatl(g\
The following.ate basncmfhefalthy eating:

1. Consume aw1dé range, of foods including fruits, vegetables, whole grains,
lean pretel hs, and Healthy fats.

2. They are full of nutrients which are required by our body.

3. o Fat less and stay hydrated.

::_Reduce intake of saturated fats, sugar, and sodium.

"Avoid eatlng processed and poor quality foods.

Healthy Eating |
A healthy and balanced diet performs the following functions:
1. It prevents diseases like heart disease,
dia betes,- and some cancers and 1. Whatisabalanced diet?
osteoporosis. 2. Nameany three nutrients.
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"Adequete nutr|t|on prowdes fuel for healthy growth and development,
leading to maintain a healthy weight.
3. A balanced diet can positively impact brain function and supports a

strong immune system.

24.2 Carbohydrates

Carbohydrates are the most abundant naturally occurring compc
earth. They contain the elements carbon, hydrogen and oxygen. Beg:
sweet taste of some carbohydrates, they are commonly calle
from a number of hydroxyl groups, they also contain al
functional groups.

Carbohydrates can be classified into three
oligosaccharides and polysaccharides) based ¢
properties.

Glucose, the most abundant carbobydrate, is also called grape sugar or

jrapes, in honey and also in the sap of
I animals and is thus present in their

e or ketone

ups” (monosaccharide,
the difference in their

blood and urine. _
Fructose is another carby S present in sweet fruit juices and
honey.

Both glucose and-fr he same molecular formula, CH,,C,.

4

Acesulfame potassium is the most
recently approved sweetener. It is
used in soft drinks.

lnterestmg
Information! ,

H—C —OH H— C—OH

—3c_H HO— C —H
Q\)@‘é —OH H—‘*c —OH

H—C —OH H "c —OH
|
H H
Fructose Glucose
A leetane sugar) L (An aldehyde sugar}

Sucrose, lactose and
maltose are other important
carbohydrates. All these

carbohydrates have the same

_Biochemistry \ 120

prr—————
Interesting Information ;

Lactose is widely used in baking and in commercial milk
used for infants. Unlike sucrose, it is a reducing sugar.
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molecular formula CquzO11 Sucrose is present in sugar cane and sugar beets.
Maltose is found in breads and other cereals while lactose is present in milk.

Starch and cellulose are the two examples of important polymeric
carbohydrates, they have a common formula (CH,,0,),. Starch is found in foods
like potatoes, rice and grains whereas cellulose sources include plant materials
like wood, cotton etc. N\~

Name any two sources of Batacas "9 '

starch. Glycogen a, Cé
Are all carbohydrates  that serv ' “same energy

equally beneficial for our  stor, g@ ion in animals that
health? s& esin pIanTs

 24.3 Proteins _ R

Proteins are very large molecules con ainﬁ%“‘f H, O, N and sulphur atoms.
The human body contains thousands ojy‘dlfﬁégent type of proteins where they
perform a large number of functions ﬁ}he@;}e fibrous proteins that are found in
muscles, hair, nails, skin and conpective-tissugs, Besides these, hormones and
enzymes are also protein in n%!:uwFor exg?;aﬁ?é’ the hormone insulin controls
the level of sugar in the bloodssjream Epigpgﬁ% are the catalysts which speed up
the biochemical reactlon#s%ﬁﬁg place inour body. Hemoglobin which carries
oxygen in the blood sgfe@gn and Qg’%ﬂem to different parts of the body is also a
protein. gjw ~ - \%—*"

Desplte th mmde nge of functions, all proteins are formed by linking
together m&léfgjes ca;lle‘{_ S ino acids. An amino acid has two functional groups,
a carboxyl ﬁ’r@up CO& and an amino group -NH,. The simplest amino acid is
callea’{?[&me and its structural formulais:

R\, CH,— COCH
%E?’\? |
NH,

Although the number of proteins present in the human body runs into
thousands, they are all formed by linking together only twenty amino acids. The
basic reaction which leads to the formation of long chains of proteins involves
the elimination of water from two molecules of same or different amino acids.
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| |
—N— c cooH P9, N — C—C—N+-C—CO0H

R, HRz R, Hl R,

ol
Peptide LinkagF

The molecule which is formed as a result of this reaction is called@ﬁide
and it contains a peptide linkage as shown above. This peptid le has a
carboxyl group and an amino group at its two ends. It is of reacting
further with two molecules of amino acids to give ulti %a long chain
composed of many acid molecules called a polypeptld% polypeptide chain
then undergoes twists and turns and assumes ve imensional structure

shown in the following Figure 24.1.

Complex changes in proteins occur wh ?re subjected to heat, a change
in pH or an attack by
oxidizing and reducing
agents. The phenomenon is
called denaturation of
proteins. A familiar example
is the frying or boiling o
egg which mvolue@?
denaturation of @umln
{protein), t inc &

compon wh

Figure 24.1: Ball and stick model of polypeptide

'_"!r \ateresting Information!
@ Everyone, from infants to adult, needs protein. Children need large amounts of

proteins for proper growth, and adults need protein to replace what is lost each
day by the body's normal biochemical reactions.

1. Whatare hormones made of?
2. Whatis denaturation of protein?

@ 24.4 Quick Check!’
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Most lipids are composed of simpler substances called fatty acids which
serve as their building blocks. Fatty acids are long chain carboxylic acids
containing from 12 to 28 carbon atoms. Examples of simple fatty acids along with

their sources are as givenin Table 24.1.
Table 24.1 Some Simple fatty acids.

Fatty acid | Source _ Structure
Lauric acid | Coconut oil | CH,(CH,),,COOH
Stearic acid Animal fats CH,(CH,),,COOH
Palmitic acid Palm oil CH,{CH,),,COQH~> |~
Oleic acid Olive oil CH,{CH,), CH=CH{eH,),COOH
-

Fatty acids react with an alcohol called glyci
called fats. For example, stearic acid reacts with

| to give triester which are
rol to form tristearin which

|
o

LY@ g ]
3CH,(CH,),; COOH + HO—=CH \ CH,(CH,},, — C— O—CH
Stearic acid O g 0 |
I

CH_;(CH2)15 S C_ O_CHZ

Tristearin (fat)

" .nteresting Information!

\Soap has been known since at least 600 BC when it was prepared by boiling goat fat with
extracts of wood ash. The cleansing properties of soap did not become widespread until
the 18" century. Chemically, soap is a mixture of sodium salts of the long chain fatty
acids produced by hydrolysis of animal fat with alkali.

1. Whatisthe role of lipids in our body?
2. Whichis an unsaturated fatty acid?

- n Ve . Chapter-24
{ Y Biochemistry \ { : 123 Chemistry - X TECH




These are organic substances which do not directly serve the purpose of
providing energy and building cells of our body like carbohydrates, lipids and
proteins. They are, however, necessary to maintain normal health and growth of
our body. These compounds are known to function as catalysts for the blologlcal
processes going on in our body. Since the first such compound dlscovg@was
an amine, so they were named vital amines or vitamins. Over the yeqrs%%cﬁntlsts
have prepared 13 vitamins needed by the human body.

[ Importance of Vitamins 1l P
Vitamin A is present in milk, egg, fish and Iiveyﬁg’%é' deficiency causes
night blindness and dry skin. L
Vitamin D may be obtained from buttegg;d" fish liver oils, Our skin can
also prepare vitamin D directly in the presenge o‘&sunllght This vitamin is related

to normal teeth and bone development ﬁd [,ts ‘deficiency causes a disease called

&’” \ a’,gé

rickets. £
Vitamin C, also called asc@ﬁ& acid, @fé}ﬁ\d in citrus fruits, green pepper
and tomatoes. Its deficiency in aur bédy caﬁmgscuwy
Vitamins B, and B, are ﬁributecfim&ély in nature. They are present in red
meat, nuts and leafy veget@bles D@f ciency of vitamin B, leads to fatigue and
depression whereas l@é} ‘of vit fm% B, causes inflammation of the lips and
dryness and burnj qgg?eyes ;f;%

1. Whichvitaminis present in lemon?
<) 2. Compare the roles played by vitamins
and carbohydrates in our body?

: HCarbohydrates, proteins and fats together with water constitute about
99% of the most living organisms. The remaining 1% represents some
compounds of vital importance which include two nucleic acids
deoxyribonucleic acid (DNA} and ribonucleic acid (RNA). These compounds are
responsible for the existence, development and reproduction of all forms of life.

Both DNA and RNA are chemically similar compounds which play
different roles within the cell. Molecules of DNA are very large as compared to
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Ll i

those of RNA. A DNA molecule may have molecular mass of up to 660 Da and
lengths of up to 12 cm when stretched out. They are mostly found in the nucleus
of the cells. RNA molecules, on the other hand, are much smaller, (molecular
mass 340 Da) and are mostly found outside the cell nucleus.

The function of DNA is to store information and pass it on to RNA, at the

Molecular

1. Whatis the function of RNA? are often exﬁg
2. What are the basic differences between or billio ltons (Da)
DNA and RNA?

| EXERCISE %

Choose and tick the correct from the given choices.

ydroxyl and Ketone
ydroxyl and amide

(@) Hydroxyl and alde

(©) Hydroxyl and este
2. Whichfunctional groups
(a) Carboxyl

)  Ester group
) Hyd roxyl group

They storegenetlc information.
They serve as catalysts for biochemical reactions.
Which functional groups react to produce a peptide linkage in proteins?
(@  Carboxyl group and hydroxyl group
(b)  Carboxyl group and amino group
(¢0  Hydroxyl group and amino group
(d)  Estergroupand amino group
5. Fatigue and depression are caused by deficiency of:
(a) VitaminA  (b) VitaminC  (¢) VitaminD  (d) VitaminB1
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Short Answer Questlons

24.1 What s the difference between glucose and fructose?
24.2 Give two examples of denaturation of proteins.
24.3 What are the sources of vitamin D?

244 Whatis the role of enzymes in our body?
24.5 Which commercial products are obtained from oils and fats? O.t
24.6  Whichvitamin helpsin blood clotting? O

24.1 Whatis the function of DNA? &
242 Write down threeimportant functions plw‘of proteins in our body.

24.3 Fatty acids serve as building blocks of li st like amino acids are for
proteins. Comment on this statement.

244 Write down about the sources of @nin C. Which diseases are caused by
its deficiency? Q/

24.5 Writedownthe names %f\ polymeti bohydrates.

 Descriptive Quast:ns %

l.@&& maltose and lactose?

ures of glucose and fructose.

24.1 Whatarethe
24.2 Drawope % str

24.3 Constr pti
24.4 WHaXre DNA NA? Describe the role played by themin our body.
24.5 pare the roles played by carbohydrates, proteins and lipids in our

@ondy.

ge and explain the structure of a polypeptide.
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Chapter 23
Polymers

Student Leaming Outcomes

After studying this chapter, students will be able to:

+ Define polymers as large molecules built up from many smaller mﬁgf‘{égu}es’ called
monomers, %’; %«ﬁv )

» |dentify the repeating units and / or linkages in addition and in condensgt?ﬁ’h polymers.

» Describe the differences between addition and condensation gplymérgzhtlon

« State that plastics are made from polymers.

. Descrlbe how the properties of plastics have impl |cat|ong£Qr thelr dlsposal

o disposalinlandfill sites ;

© accumulation inoceans

o formation oftoxicgasesfromburning , { '
Describe the structure of: /i, 4 3

o nylon, apolyamide f’ Vo *."“‘5‘

o PET, apolyester Thefull nam&)ﬁ‘?r F?ﬂ' polyethyfégéﬁ:erephthalate, is not required.
State that PET can be converted;ha‘eg into mgﬁomers and repolymerised

%«\ . ;i" a_r-.éf

Polymers of. m*acrom,plecﬁules are extremely large molecules which are
formed by Ilnkmgtogetheg' §*véry large number of simple molecular units called
monomers, he‘proce;ssﬁf formation of a polymer from a monomer is called
polymez;zatlon Carbohydrates proteins and nucleic acids are the everyday
examp‘les@of peolymers which exist naturally. Whereas plastics, synthetic fibers,
M‘H hatural rubber are the examples of man-made polymers. One of the most
Ngnn‘“ cant changes which has occurred throughout the world, has been the
gradual replacement of metals, wood and cotton with man-made synthetic
polymers. Polymers are important in our daily life due to their high strength,
flexibility and resistance to heat and chemicals. These properties make them
useful for a wide range of applications.
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25.1 Types of Polymers
There are two main types of polymers.
a) Addition Polymers
b) Condensation Polymers

(a) Addition Polymers
Addition polymers are formed when monomer molecules cor

molecule. For example, a large number of ethene molecules ad ‘togetherto give
one very big molecule which is called polyethene or polythene. During this
reaction, the C=C double bond in ethene breaks down i« ldw ethene molecules
to join together. Polymerization reactions usually take place at high pressure and
inthe presence of a catalyst.

In addition polymerization, no molecule i
is formed.

iminated and no by-product

2 CH= CH,——> A CHALCH, - CH,3- CH,+

unit

Mononer V4
n CH, = CH, Q—[— CH
2 0 %‘ane

» Give an example of a commercial product which is
fo sing polyethene.
. hree properties of synthetic polymers.

@nzsmau.ek 'ehec'!zs

(b) Condensatfé’&o &

nce of an acid or a base. For example, ethane diol reacts with a dicarboxylic
acid (terephthalic acid) to give a polymer called Polyethylene Terephthalate
(PET). The carboxyl group present in terephthalic acid reacts with the hydroxyl
group of the diol to give an esterlinkage.

0O
Il “JOH
HO — CH,—CH,— OH_+ HOl— C—@—C—OH E

Ethane diol Terephthalic acid
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+0—CH,—CH, — O—

ester linkage

Repeat unit

This productis called a repeat unit. Since the functional groups are
present at both ends of the resulting molecule, the polymerization process
continues at both ends to give a very big molecule, which is represen& the

following structure.

40— CH,—CH, —

oxygen.
— Interesting Information! \

Properties of polymers can be
careful control of their chefnigal
composition enabling thei i

r d
useNin hig%mﬁc
application like non-stick ﬁ (Teﬂo@)

‘ &
\ U,
through

e

Differences betwe

should h
bond. & 7/

u‘ ddi |t|o 7

nd Condensation Polymenzatlons

Condensation Polymerization
This polymerization takes place
between two monomers. The
monomer molecules have two
functional groups present one on
each end of the molecule.

A\ @]
3

It involves the condensation
between two monomers with the
elimination of a small molecule like
H,O, HCl or NH.,.

Ives an addition reaction and

ly a single product is formed.
The molecular mass of the product
polymer can be found by adding the
molecular masses of all the

The molecular mass of the polymer
cannot be found by adding the
molecular masses of all the

monomers used. monomers.
; , [ ) _lzs
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Addltlon Polymerlzatlon

The polymer formed contains only
the single bonds along the polymer
backbone chain.

Condensation Polymerition

The polymer formed contains a
specific linkage, e.g. ester linkage or
amide linkage.

Examples of addition polylmers
are polyethene, polystyrene,

polyvinylchloride (PVC), etc.
25.2 Structure of Monomer from Polymer

[Addition Polymer J) 1
&@

1. Write down the structure of addition polymer.
Remove the brackets, the

'[- CHZ-CHZ-}n
extended bonds from each side and the |

Examples of condensation polymers
are polyester, nylon, bakelite,é%

2. Identify the repeating unit in the polym

double bond. (
$CH,—CH3,—n {CH,-CH,}—=5CH,=CH,
[ Condensation Polymer Q \Q)
Example 1: \ fb
1. Write down the struct@f a con%satlon polymer, polyester.
—CH -0%,

-ECO—CHZ— __ -

COand O "I
monome

‘Ekample 2:

tmg% n the polymer. Remove the brackets, the
_ and the subscript n. Break the bond between
inkage. Add OH to the each end of the dicarboxylic acid

£CO-CH,-CH,-CO-O-CH, -CH,-03.
n £CO-CH,-CH,-CO-0O-CH,-CH,-0 } -
nHO-CO-CH,-CH,-CO-OH+nH-O-CH,-CH,-O-H

1. Write down the structure of a condensation polymer, a polyamide.
CO—-CH,- CH€O-NH-{CH,-CH,),-NH}
2. Identify the repeating unit in the polymer. Remove the brackets, remove

the extended linkage at both the ends and subscript n. Break the bond between
the CO and NH of the amide linkage. Add OH to the each end of dicarboxylic acid

P —, Chapter-25
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monomer. Add H to each end ofthe dlamme monomer.
nfCO - CH, - CH,- CO - NH — (CH,- CH,), - NH}
— nHO -CO-CH,—CH,-CO-OH
+ nH-NH-(CH,-CH,),-NH-H

e S » ¢ Whatdo youunderstand by the term repeating unit
@ clide 0SS0l o Drawthe structure of a polyamide linkage.

ﬂ'lteresting Info;'mation! \ | }\\'OO

By varying the type and proportion of monomers, chemis ake such
polymers which show specific properties, such as flexibilitygst h and thermal
stability to meet specific application requirements.

Polymerizatoin of monomers like ethylene, propylene and styrene gives
polyethylene (PE), polypropylene (PP} ystyrene (PS) respectively. All these
polymers are a few examples o nds called Plastics. These plastics are
used to make all types of carryQ ainers e.g., soft drink bottles,
water bottles, juice bottles %‘used to manufacture shopping

d wrappers, cups and plates etc.

bags, kitchen-wares, bucket es, ch
lb e aEs durable They can be easily moulded into

Plastics are light weight f
iy desir ape. All these properties have led to their

solid objects of almostar
widespread use ere of our daily life. Starting form early 20"
century million @u lastics are made every year (Figure 25.1).

|JIIIIJI‘
Figure 25.1: Plastic products

N
25.4 Adverse Effects of Plastics

Unlike other materials, plastics do not undergo biodegradation. When
articles made of plastics are discarded, they can take upto 1000 years to break
down. This fact has led to build up of huge amounts of plastics in the
environment, Accumulation of such a huge amount of different articles made of
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X ) Polymers 131 ) [ chemistry - X TECH |




plastlcs has caused mdespread enwronmental problems. Plastic pollutlon is
found almost everywhere on lands, in air and in all the water bodies: rivers,
ponds, lakes, seas and oceans. This pollution has reached to an extremely
alarming level and has led to cause serious health problems.

Discarded plastic articles we put in the bins are disposed of through
burning, dumping in the landfill, thrown in the drains from where they make their

way to rivers and oceans. Burning of discarded plastic articles in town sa
hazardous environmental condition because this releases dangerou sinair
(Figure 25.2).

| Interesting Information! \ Q
rlety

Polymers can be 3D printed u nlques These techniques involve
layer-by-layer deposition of t merm ocreatethree dimensional objects.

|ch of the following polymer is a synthetic polymer?
Starch (b} Cellulose

c) Animal fat (d)  Polyester
Identlfy an ester linkage:
i
(a) R- C O-R by R—-C-R
i N
(0 R-C-0O-NH-R (d R-C-NH-R

> Chapter-25
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25.1,

25.2.
25.3.
254.

25.1.
25.2.

25.3.

254

25.2.

25.3

The structure of the monomer of the following polymer is:

[-CH,-CH%,
OCOCH,

(@ CH,=CH, (b} CH,=CH,-CH,
(¢ CH,=CH-0OCOCH, (dy CH,=CH-CO-0-CH,
Which of the following polymers can be recycled?
(a) PET (b) Polystyrene (c PVC @poxy
Which of the following polymers is biodegradable?
(a) Polyamide (b} Polyester (¢} Starcl (d) PET
Which of the following polymers is obtained by con ensation
polymerization?
(@  Polyvinyl chloride (b} ystyrene
(¢}  Polyamide c?\ Polyethene

Give two examples each of ac/)%n polymers and condensation
polymers.

How polymers are useful fg'
Are natural polymers hﬁo
Draw the structures o

(a) Polypropylen B

: ucte .5\"“" 2stion:
Whyis it . purn discarded articles made of plastics?
Wh tad 3_. 2'to dump discarded synthetic articles in oceans?

Whatis the role of catalyst in addition polymerization?

Q}%uce the monomer from the following addition polymers.

\

0] -ECHz—ClHi-n () 4CH,-CHE
|
cl R

@) Descriptive Questions
25.1.

How is PET formed? Can you recycle this polymer?
Differentiate between addition and condensation polymerizations.
Describe the effects of synthetic polymers on the environment.
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Exam Paper of Chemistry TECH for Class-10

ESSENTIAL INSTRUCTIONS FOR PAPER SETTERS

The paper of Chemistry (TECH) for class-10 will consist of 40 marks. Timing of the
paper will be two (2) hours. The paper will be made as per following detail:f‘k~

Objective: L Qi H

O

10 Multiple Choice Questions \QQ %10 =10

The detail is as follows:

Chapter 13|114|15(16|17|18|19, ’\1 22

No. of

MCQs 11111%&‘011

Subjective: [« &2

m 4 short answer questions h obeansweredoutof6. 2x4=8

The detail is as follows: §
Chapter 1 17|18 (19
No. of Short | 14 111
Questions (}§

Q-3:

&
O\ %U

4 short n@er questions have to be answeredoutof 6. 2x4=8
'@is as Qs:

apter, [20[21[22]23]24]25

Aqibo%@ 1111 1]1

Q-4:

b d

This section will contain three detailed questions 2x7=14
bifurcated in two-part a & b (carrying 4 & 3 marks

each) and students have to attempt 2 questions The

detail is as follows:

Q-5: Q-6:

Chapter |13 (15 Chapter |18(19 Chapter |21|24

Part

alb Part a|b Part al|lb
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Max. Marks: 10 Objective Type 1048
Time allowed: 15 Min. 215123
Note: Four possible answers A, B, C and D to each question are given. The choice which you think
is correct, fill that circle with marker or pen ink in the answer-book. Cutting or filling two or more
circles will result in zero mark in that question.

“t £

Side pnd w2 L g e RIBL LI P L D C BA=Z L iy

~Busi iz Lz A Lc.b’:@uuug;a_”g,,_
Q.1. Select the correct answer. P\ ¢

0] Which gas will diffuse at the fastest rate? ?.:-_y_‘/"'
(a) HCI (b) SO, ©
(i) Volume occupied by 15 moles of ammonia -

152 A fur,RTP (i)

(@) 224dm* & b) 160dm*
(c) 360dm® 2 (d) 265 dm®

(il TheOxidation numberof Mnif K e A4 TEREEKMNO, (i)
@) +7 (b) @;) +6 (d) -6

(iv)  Ifthe reactants possess rgy higher than the activation energy then

the reaction will be? )
Qi){ 2 JZKMLJG"—-G/'UJ *1 l&/l&fﬂg L;J; (iv)
(a) Slow --—' (b) Fast &
(c) Not aff (d) Instantaneous {.#
) WhICh ééqlublemwater? 9LEL)€/)LJ’-MU:L5LU'J Ly W)
(a
%ates

(b) Sulphates
{d)} Carbonates

(vi) oxide that is neutral in character: :.‘ﬂ_m@&a}jJLndffﬂfoT (vi)
a) Al,O, (b} SO,
(©) €O, d) NO
(vi)  The pH of distilled water is: g Con&Id i aes (vii
(@) 6.5 (b) 85 (© 7 (d) 7.5
(viii) Select the general formula of alkyne family. S ﬂﬁ?“d“m (viii)
(@ CHani (b} CH,,
(©) CHap.y (d) CH,e

Pairing Scheme & Model Paper\ é’T_‘-E [ Chemistry - X TECH—l
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.,:.&m Sy

| (ix) | In |catethetypeofthefollowmg reaction: CH, +20 —»CO +2H,0
Ch, + 20, — CO, + 2H,0 U‘,/LFJL—'L;KD JUJUJJJCH (ix)

(@) Substitution %5 (b) Oxidation 4/T
() Reduction o*%, (d) Addition o4

() Which catalyst otherthan H,PO, can also be used for hydration of alkenes?

v.;_ccbwwaéuﬁ;w’ e Uit HRQa_ ()
(a) NaOH (b) H,SO, () CH,COOH
Subjective Type N\
Time allowed: 1.45 Hrs. “Max. Marks: 30
(Part I) Qi"
Q. 2: Write short answers to any four (04) q @n -
: L..:.'Ulr(4)zlga:..(j/

(i) Why actualyield is less than the theoretical

aligisz::.jkmg)i‘bzf?ikmg)ﬁéa (i
t'" A NATTAE N ()

refer,

(i) What are the main objectives of elec

Iy taken in the powdered form?

Sl ORI R =028 LI (1)

5 JJf&
(iv) Nametwoinsoluble car@tes N b:rbéu%;b’dt" Sinedd (V)
(v} WhyCO,is called an»@dlc oxidé whlle COis called a neutral oxide?

UL T { CO L2\ T 02/ CO: (v)
a'diseases.

Lol ut e sdiind e 3y V)
Q. 3: Wéshort answers to any four (04) questions:

:_.J - Lmﬁ.’::;ﬂr@):lga. (j/
N\ %ne structural isomerism. g /Ur s T /g} 0]

How an alkene can be identified? e (Tl L a2, ;’w?, (ii)
(ii) Give anytwo disadvantages of fermentation reaction.

-;{ft&:thJﬁu4:4jiZ:ufqaLﬂqy%fjs (iii)

(iv) Which property of acetic acid does make it suitable to act as preservative in
pickle? teBuivd L& SePigla) ecb Sl by (i)

(i) Why a catalyst used in a reactic

(vi) Nameanyth \te
*&
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(v) Whatis the role of enzymes in our body?

(vi) How polymers are useful for us?

Note: Attempt any two questions.

Q4: (3)
(b)

Q5: (a)

{b}

Q6: (@)

(b)

&Q)

Subjective Type (Part ) \k‘

@)
..,,-!uwé.,u s

Explain the difference in the rates of diffusion of mﬁg’ es based
on Kinetic Theory.

-J/u’b;&)}g_}f&)ﬁujﬁ);ﬁffg/;&jxgu@d( )

‘wz./uuu/ ig /I/J.J:(’ s (v)
‘-'g,d),-;"‘b)(ff 4-4-) " /d;' {vi)

0y

4)

What is corrosion? Explain the reaction lved in corrosion of (3)

iron.

N1 ld;é_ué.nuu»&& eATspllund (L)
Explain the production ofa G}omndustrialscale. )
colnf i g F (L)
How domestic waterKg can be ade fit for drinking?
’ -' dl. LJWQ / (.._.)

Describe tw@o eparatlon forethene.
\ L e bnSUR L S el ()
What ructose, maltose and lactose?

AQ) %6& SO e S Vel it} ()

4)

(3)

4)

(3)
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