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Unite1 Stoichiometry

Introduction
Thousands of different reactions are going on in laborat
kitchens, car engines, the atmosphere, the earth beneath you
body. These chemical reactions have a great effect on your lives,
examples of such reactions like conversion of food to energy in
formation of ammonia (fertilizer) by combining nitrogen ang
preparation of starch by plants from carbon dioxide and water using energy ,‘
sunlight etc. The main purpose of chemistry is to understand chemical char
Chemist calculates the amount of product from the balanced chemical ec ati
A wrong calculation of amount would result many problems. Therefore i
required for a chemist to calculate the exact amount of reactants and products
As you have learned in previous grades, chemistry involves in
measurements to find out what happens between atoms and molecules dus
the chemical reaction. In this unit, you will learn how to interpret _
balanced chemical equation in terms of interacting with moles, represenia
particles, masses and volumes of gases and their stoichiometric calculations.
Stoichiometry, (Greek words 'Stoicheion Tidbit

means elements and S : e
R mgtron r'nea?n Analytical chemist?y s
measurement). Stoichiometry s quantitative _ heanch of chemistl
: . et the branch of

chemistry. It is the study of the relationship | wh'iéh'cdealswm'“
between relative amounts of substances involved | = S Lo

: . : study of analysis 0"
N a chemical reaction. The formula of a ST

Ories, f,
and with,
There arq
the humant,

e . obtaining, process
compound provides information about the relative characterizing the
amount of each element present. Composition'of matte

Stoichiometry s essential when | and structure °f‘".'aw

guantitative information about a chemical reaction both qualita .
IS required.

quantitatively
It also tells how much of the matter is /

! ifapa
féquired to form a specific amount of another form of the matter o oﬁiw

dp
?mount of the matter is present, how much of the product o
ormed under the given conditions,

1 Male and Avogadro’s number (Na) ac

The idea of atomi he carbon & g
Omic mass, relati e mass of t es-
taken as 12 UNTER: ative to th rad

jous
Mass is definee as the mass of one atom of an el

Chemistry Grade Xl
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Stiéhiometry |

the mass of 117 of carbon (C-12).

One gram- atom of any element is the relative atomic mass of the element |
expressed in grams. For example, the relative atomic mass of chlorine (Cl) is 35.5 4
atomic mass units (amu) and that of sulphur (S) is 32 amu. Therefore, one gram- |
atom of chlorine would be 35.5g and one gram-atom of sulphur would be 32 g. 1

Mole can be defined as the atomic mass, molecular mass, formula mass
or ionic mass of a substance expressed in grams.

The concept of the gram - atom is useful because it is impossible to see or
weigh individual atoms or even a large number of atoms. We can actually weigh one
gram- atom of an element. '

One gram-atom of any element contains the same number of atoms. This
quantity has been given the name “mole” (mol). It follows that one mole of any
element contains the same number of atoms.

Generally speaking, mole is a counting unit just like a dozen (12 similar
things) or a gross (144 similar things). Mole, however, is a very large counting
unit, It is equal to 6.023 x 107 similar things, i.e. atoms, molecules, ions, etc. This
constant number, present in one
mole ~ of a substance, was
~ experimentally determined by an
Italian scientist, Amadeo Avogadro :
and is known as Avogadro’s 1 mole =
number, represented by Na. The 6.023 x 10_?3
number of particles (atoms,  Avegadro’s Number
molecules, ions) in one mole of any
substance is called Avogadro’s ? ¥ * 12 grams of carbon-12=1mole

glgzn:e; ng;d is numerically equal to Figure 1.1 Mole and Avogadro’s number (N»)
.023x 107, =

For example,

= 159 of oxygen = 6.023x10% atoms of oxygen

1 mol of oxygen (O) ‘ :
1 mol of oxygen (02) = 32g of oxygen = 6.023x10” molecules of oxygen

1 mol of water (H,0) = 18g of H.O = 6.023x10% molecules of H,0

1 mol of sodium chloride (NaCl) = 58.5g of NaCl=6.023x10?% formula units of NaCl

So mole can also be defined as, “the amount (mass) of a substance, which

contains Avogadro’s number (6.023x10%) of particles (atoms, ions, molecules,
“ It establishes a link between mass of substance and number of

fonnab units).

Scanned with CamScanner



Stoichiometry

n

?’fhble 1.1 Names of the First 20 Elements
Element Ey‘mgol Atomic | Atomic | Element | symbol Atomic | e
Number | Mass 3 Number Mt:“"*
Hydrogen H 1 1.008 Helium He |7 27w
Lithium Li 3 6.94 | Beryllium Be 4 900
Boron B 5 10.81 Carbon C =% R
Nitrogen N 7 14.00 Oxygen 0 8
Fluorine F 9 1899 | ~ Neon “Ne | 10 [
Sodium Na 11 2299 | Magnesium | Mg 12 | 43
Aluminium | Al 13 | 2698 | Silicon Si | 14 | %80
Phosphorus P 15 30.97 Sulphur S ol 16n
Chlorine Cl 17 | 3545 | Argon | Ar | 18 | 9%
Potassium K 19 39.09 Calcium Ca 20
Science, , and Society

Several methods are used to find the sample. These may be broadly da“'ﬁed 8

alitative analysis tells us ‘what'isinté

qualitative analysis and quantitative analysis. Qu
sample, while quantitative analysis tell us ‘how muc
of analysis are often used together and are considere

mistry.

Quantitative analysis is very important in che few
determine the amount of substance present in the compound. Heré area
results of quantitative analysis:
e The NaCl solution concentration is 0.1 M.
o The chemical reaction produces 5.50 moles.
» Ore contains 64.88% silver by mass. Med““
e , ol science " gin
i Beside this, quantitative analysis is very important i medncali:‘dewmmadw
lences use the result of chemical analysis for example, glucose 4 etermi"ed
blood and urine of diabetics. The cholesterol level in blood *
quantitative analysis,
1.2/Mole Calculation
Molar Mass ° £ 5””";”“::
Molar mass | ' ' ofe.? t
S5 IS defined as the mass in grams of one " ubstance ;

The term

Chemistr

h'is in the sample. Tl?ese
din analytical chemistry-

molar . S
mass js also ysed to the mass of a mole © any

two typ®

Chenmists usually
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: Stoichiometry

::zlzizl:w?c f;f;:ias l;?l:s“otrh leor;i); it is. the atomic mass gf an atom or the sum of
oms In a molecule, an ion or a formula unit (in
grams).
You can find the molar mass (mass of one mole) of any substance using
the following steps.

.» Write down the formula of the substance; for‘example, formula of sulphuric
acid is H,SO,

e Work out its molecular mass; sulphuric acid contains two hydrogen atoms
(atomic mass 1 amu), one sulphur atom fatomic mass 32 amu) and four
oxygen atoms (atomic mass 16 amu). So, formula mass for sulphuric acid '

(HzSO4) =2H +S + 40
(2x1)+(1x32) + (4x16)
: =2+ 32+64=98amu
e Express this in grams per mole; the molar mass of sulphuric acid is 98 g/mol.
In experimental work, chemists work with varying masses. They cannot
always use one mole of a substance. The equation that links the mass of a

substance to the number of moles present is,
ss(in grams
InB S vrar) 1)
molar mass(in grams per mol)
Using the above equation, you can convert any mass of a particular

Number of moles () =

substance into moles or vice versa. =
As one mole of any substance contains 6.023x10™ (Avogadro’s number) of

atoms, molecules or formula units, one can also develop an equation between

the number of moles and the number of particles present. This will lead to the

~ following relationship. 24 :
Number of particles(atoms, molecules, formula units) (12)

Numberof moles(n)= Particles per mole or Avogadro’s number (mol™)

Or L
% Number of particles(atoms, molecules, formula units) (13)
Number of moles(n)=— 6023107 (mol)

The following examples will illustrate the above equations.

les are there in 60g of sodium hydroxide (NaOH)?

How many mo

Solution: |
The relative formula mass of sodium hydroxide (NaOH) = Na + O + H
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t Stoichiometry
So, : .
Molar mass of NaOH = 23+ 16+ 1=40 g/mol _W
Mass(g) 1. Define relative
Numberof moles(n)= ;
(n) Molar mass of NaOH(g/mol)) | ;;::‘t'?s'g::; e
number of moles(n)=—@—=1.5mol | i,
40g/mol

’ Practice Problem 1.1 2 AR, |
: 1. Calculate the molecular masses (in amu) of the following compounds:

(a) Sulphur dioxide (SO>) and (b) Caffeine (CgH1oN4O2).
(Atomic mass of C=12,S =32, N = 14,H=1,0 = 16)
2. Calculate the No. of moles in 5.68g of iron. (Atomic mass of Fe=55.8)

What is the mass of 0.5 moles of calcium carbonate (CaCO;)?
i Solution:
The relative formula mass of calcium carbonate (CaCO3)=Ca +C+ 30

Molar mass of CaCO; =40 + 12 + (16 x 3) = 100g/mol
Mass(g)
Molar Massof CaCO3(9/m0|)

05= _r,_n_ais(_g)_ or  Mass=05x100 =509

~ 100g/mol
i | | |I te
In a certain experiment, 8.50x10%molecules of water were used. Calcula

the number of moles of water.
Solution:

Number of H,O molecules = 8.50x 10

So,  Number of moles(n)= N”';‘f:; ao;:fnr:’c:‘ls:rjles

Number of moles(n)=

Number of mo|es(n)= 8.50x10” =1.41x10°mol

6.023x10% ‘ment
Thus, 1.41x10° moles of water would have reacted in this particula" expe™

Practice Problem 1.2 %

How many Cu atoms are present in 0.5 mol of copper?

Chemistry Grade XI
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: */ Stoichiometry

1.2.1 The Mole and Chemical Equations
When iron reacts with sulphur, it produces Iron sulphide (FeS), the
equation is,
Fe(s) + S(s) ——iei—b FeS(s)
This indicates that equal number of atoms of iron and sulphur are needed
to react. We know that 1 mole of iron (56g) and 1 mole of sulphur (32g) contain
the same number of atoms. Reaction of these amounts would give 1 mole of iron

sulphide (88g).
Fe(s) + S(s) ____Hi_> FeS(s,
1mol 1mol 1mol
569 32g 889

The mass of the product is equal to the total mass of the reactants. This is
in accordance with the law of conservation of mass (matter), which states that
matter (mass) can neither be cre.gted nor destroyed during a chemical reaction.

In chemistry calculations, we frequently need to calculate the relationship
between reactants or products in a chemical reaction. For example, if we know the
mass of one reactant, we can find how much product will be formed if the reactant is
fully converted into products. At the same timewe can know how much of a second
reactant is required to fully react with the first reactant. A chemical equation must,
therefore, be balanced because it indicates the number of moles of reactants and
products involvedin the reaction, There are various ways of doing these calculations
because quantities can be expressed eitherin moles orinmass units.

The stoichiometric calculation can be carried out by the following steps-

Write correct and balanced chemical equation.

2. Convert the mass of given substance into moles by dividing with molar
mass. : 2

3. Calculate the moles of required substance using their coefficient in the
balanced chemical equation.

4. Convert the moles of required substance into mass.
LY. Mole — Mole Conversion

: If you are given the mole of one substance, you can calculate the moles of
the other substances.

o

Oxygen can be prepared by the decomposition of potassium chloraté
(KCIO3). How many moles of O, can be formed by taking 10 moles of KClOx

Chemistry Grade Xi
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L .Unit- 1" “  Stoichiometry

according to the following equation? :
2KC|O3(5) _Heat_’ 2KC|(5) + 302(9)_

Solution:
We have the conversion factor from the balanced chemical equation as:

2 mol of KCIO; = 3 mol of O,

IS

1 mol of KCIO; % mol of O;

10 mol of KCIO; = ;xw =15 moles of oxygen

Practice problem 1.4 -,_ R e L D o :
How many moles of carbon dioxide will be produced by the complete
combustion of 2.0mol of glucose (C¢H1,0¢) according to the following

equation?
q CeHi0 + 60;, ———>  6C0z+6H0,

= slAsssment

Define molar mass.

What is Avogadro’s number?

What is balanced chemical equation?

What are stoichiometric calculations?

How many ways can you read the given equation?
4Al(s) + 302(9, —_— 2A|203(5)

NThwN R

b. Mole = Mass Conversion
If you are given the mole of one substance, you can calculate the mass of

the other sub_stances.

Example 116+
How many grams
8.8 moles of ZI'ICO;(S)?

Solution

of CO; can be_produced by thermally decomposing

ZnCO3(s) — Zn0) + COyq
First, we do a mole — mole ratio calculation and then convert the

- calculated moles into grams at the end. Thus from balanced equation:
1 mol of ZnCO3 = 1 mol of CO; :

S0, = 108 mol of ZnCO3() = %x 8.8 mol of CO,

= 8.8 mol of COy
Now convert number of CO5 into grams, using the formula
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_ Stoichiometry

Molar mass of Al = 27g/mol 7
mass(in grams)
Molar mass of Al (in grams per mol)

145 ¢

27g/mol
Use conversion factor (equivalency) from the balance chemical equation:
4 mol of Al = 2 mol of Al,0;

Number of moles of Al=

Number of moles of Al= =0.54mol of Al

Therefore, 0.54 mol of Al E%XO.54 = 0.27 mol of Al,O3

Finally, we calculate the mass of Al,O3 produced, by converting 0.27 moles
of Al;0; into grams. For this, we need molar mass of Al,O; which is, :
Molar mass of ALO; = 2Al + 30 = (2x 27)+(3x 16)= 54+48 =102g/mo
So, mass of AlLO3 produced = mole x molar mass
= 0.27meot x 102g/met = 27.54g

Practice problem 1.6 ,
he oxidation of glucose (C¢H1,0¢) to carbon dioxide (CO;) and

.
water (H,O) occurs as:

C5H1205(s')*- 602(9) —_— 6C02(g)+ 6H20(g) .

What is the mass of CO, produced, when 856g of CgH1,0¢ are
decomposed?

1.2.2 Calculations Involving Gases :
Not all chemical reactions involve solids and liquids. For those reactions in

which gases are involved, it is more convenient to measure volumes than masses.
In gaseous reactions, weighing of gases as compared to solids and liquids is
relatively difficult. It is much easier to measure the volume of a gas as gases
weigh very little. But we need to know how the given volume of a gas is related
to the number of atoms or molecules present. For this, we take help from the
Avogadro's law, which states that equal volumes of all gases, at the same
temperature and pressure, contain equal numbers of particles - (atoms

or molecules). (You will study this law in more detail in W

unit 4). G Units of Volume

It has been found experimentally that one mole of | 1 Ii:t":".é":l.dm" :

pressure (1 atmosphere) or STP (standard temperature | 144 =1000cm’
“and pressure), occupies a volume of 22.4dm>. This is e
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- Unit- 1 Stoichiometry

called the molar volume (volume of one mole) of the gas at STp
Avogadro's law applies 0 all gases. So making use of thjs fact i 1

to convert the volume of any gas into moles or moles into V°|Umélt S e

following relationship. Using

. Volume(dm® )at STP
Number of Moles of gas (n) = ( )3
molar volume(22.4 dm’/ mol)at STP (19
Example 19
According to the following equation solid sulphur burns in oxygen y
produces SO,. |
S * Oxg —>  SOzq) :
: If 15g of sulphur is burnt, what volume of SOz '° produced, at STP?
Solution
Given equation for the reaction at STP
S¢ +  Oxg —> S0
1mol 1 mol 1 mol
329 22.4dm’ 22.4dm?

in grams
Number of moles of sulphur burnt = mass'(l OAS) o =
molar mass(in grams per

Atomic mass of S = 32

159
32 g/mol
Number of moles of sulphur = 0.469 mol
From the equation 1 mol of S =1 mol of SOz
Therefore, 0.469 of S = 0.469 of SOz
To calculate the volume of SOy produced, we have
Volume(dm?®)at STP

molar volume(22.4 dm’/ fnol)

Volume(dm3)
22.4 dm®/ mol

Volume (dm’) = 0.469-met x 22.4 dm3/m0+=10-51dm3
~ Thus, burning 15g of sulphur will produce 10.51dm’ of
Example 1.10

What vo ume of chlorine gas would be needed @
of hydrogen chloride (HCI) gas in presence of excess of Haor

Number of moles of sulphur burnt =

Number of Moles (n) =

0.469 mol =

S0

Chemistry Grade X|
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Atomic Structure

nts will be able to:

Applying) ;
dii of orbits. (Understanding)
ing energy of electron in a given orbit of

summarize Bohr's atomic theory. (
Use Bohr's model for calculatingra
Use Bohr's atomic model for calculat

hydrogen atom.
Relate energy equation (for electron) to frequency, wavelength and wave
d by electron.

number of radiation emitted or absorbe
Explain production, properties, types and uses of X—rays. (Understanding)
Define photon as aunit of radiation energy. (Remembering)

Describe the concept of orbitals. (Understanding) '
Explain the significance of quantized energies of electrons. (Applying)

Distinguish among principal energy levels, energy sub levels and atomic
orbitals. (Understanding)

Describe the general shapes of s, p and d orbitals. (Understanding)

Relate the discrete — line spectrum of hydrogen to energy levels of electronsin

the hydrogen atom. (Applying)
Describe the hydrogen atom using the Quantum Theory. (Understanding)

Use the Aufbau principle, the Pauli Exclusion Principle and Hund's rule to write
the electronic configuration of the elements. (Applying)

Describe the orbitals of hydrogen atom in order of increasin
(Understanding)

Explain the sequence of filling of electrons in many electron atoms. (Applying)
Write electron configuration of atoms. (Applying)

g energy

,
o
%

-

Teaching Assessment |Weightage %

10 o1 08

Chemistry Grade XI
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P doicsevers

Later J.J. Thomson and other scientists made further investigations on
cathode rays and its properties which ultimately lead to the discovery of electron
which were by then called cathode rays.

Note: Crookes used cold cathode at his time in this system. The gas particles ;
inside the tube were ionized at anode and became positively charged particles which ’
were attracted towards cathode due to its negative charge and collided with it with
high speed which resulted in emission of electrons from cathode. These electrons
then rushed towards anode. In modern cathode ray tube, hot cathode is used. Due to
high temperature the electrons are energized and expelled from the cathode due to
attraction of anode and move with high speed towards anode. However, in addition
to thermionic effect, the phenomenon of ionization of gas (as in the case of cold

cathode) cannot be ignored in this case.

2.1.1 Characteristics of Cathode Rays
Later on, a number of experiments, performed by various s
~ that the cathode rays have the following characteristics.

I. These rays travel in straight lines perpendicular to the cathode surface and
away from the cathode.

i.  They produce a sharp shadow
as shown in figure 2.2.

ii.  These rays produce fluo

- discharge tube. 2
iv.  These rays heat up the metal on which they fall.
v.  These rays can move a small pin wheel placed in their path as shown in

figure 2.3, as these rays are bunch of moving particles with definite mass

and kinetic energy.
vi.  These rays produce X-rays when they strike heavy metal anode.

vii. These rays can ionize the gases.

These rays can cause a chemical change ina ma

they have reducing effect.

ix.  These rays can penetrate metallic s

X. Cathode rays are negatively charg
through an electric field, they are

plate/ electrode as shown in figure 2.4.
xi.  These rays are also deflected by magnetic field as shown in figure 2.5.

The charge to mass ratio (e/m) of cathode rays (electron) is

1.7588x10"'C/kg.
xiii. Charge (e) on cathod

cientists, showed

if an opaque object is placed in their path

rescence (a glow) when they strike the wall of the

viii. terial on which they fall, as
heets like Aluminum and Gold.

ed particles as when these rays are
deflected towards positively charge

Xii.

e rays (electron) is 1.6022x10°C.
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Effect of Electric Field on Cathode Rays

' Figure 2.4 Cathode rays, deflecting in an electric Figure 2.5 Cathode rays, deflecting
.‘ ' field magnetic field Uj
t

On the basis of the above characteristics, it was concluded tha

cathode rays were in fact negatively charged particles. G. J. Stoney g
particles the name “electrons”.

2.1.2 Mass of the Electron ‘
Med

.19
The e/m ratio of electron is 1.7588x 10"'C/kg and the charge is 1.6022X 10°C.
use of these two values the mass of electron “m” can be calculated as,

The charge to mass ratio, £ ~1.7588x10"C/kg @1 '
m |

The charge on an eleétron, e = 1.6022x10™°C |

ave

Putting the value of ‘e’, in equation (2.1), you get,
16022x10°C —M
= 1.7588x10"C/kg i
By cross multiplication, Wgaf' l;,,-ite the
- tube?
m x 1.7588x10"'C/kg = 1.6022xx10™°C | . ditions that :‘e
_16022x10"C necessary ' t?ath"d'
1.7588x10"C kg™ production d
or  m =9.1069x10 kg rays.

or  m=9.1069x10%g

-
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He bombarded the nucleus of lighter atoms such as, Beryllium (Be) with
«-particles produced from Polonium (Po). He observed that some highly penetrating
radiations were produced. These radiations were neutral to the charge detector
and were called neutrons. Examples of nuclear reactions (artificial Radioactivity)
taking place are,

:Be+ He (a- particle) — 5 *2C +}n (neutron)
7Al+ jHe (a- particle) ———— 3P +,n (neutron)
2.1.7 Characteristics of Neutron

Neutrons have the following characteristics.
i. Neutrons are highly penetrating particles. —W
ii. These particles carry no charge and are not deflected by

electric or magnetic fields. Write an equation,
iii. These particles can knock out high-speed protons from which shows the

substances like paraffin, water, cellulose etc. production of
iv. Neutron has mass 1.6749x10*'kg and is 1842 times as neutron from the

lighter atoms.

heavy as electron.
T e R

Table 2.1 Characteristics of the Three Fundamental Particles

Mass Charge Unit Relative Atomic
Particles (kg) (€) Charge Mass (amu)
Hectron | 9.1069 x 10°' | -16x107 | -1 _ 0.00055
Proton 16726 x10%7 | +1.6x10™ | +1 | 1.0073
Nemsal . 0 | o0 | . 10087

Bohr's Model of Hydrogen Atom

Rutherford atomic model set the foundation for the structure of an atom.
According to the classical laws of Physics, an electron revolving around the nucleus,
will lose energy continuously and will fall down into the nucleus. Thus, Rutherford

model failed to explain why electrons did not do so.
In 1913, Neils Bohr proposed a new model of an atom based on the Quantum

theory of energy and rectified the defects in Rutherford atomic model. With his
model, he tried to explain why a revolving electron did not fall down into the nucleus.

i A~
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i. Line Absorption Spectrum S |
The spr:cttrum produced from the radiations from which the ;3

particular wavelength are absorbed after passin.g through .the absortp, |
substance. The spectrum obtained consists of a series of dark lines i , brigy
background, is called atomic absorption spectrum.

397 4100 4340  486.1 656.2 nm

Figure 2.13 Hydrogen Absorption Spectrum
ii. Line Emission Spectrum

The line spectrum produced from the radiations emitted by a substance i

called the emission spectrum. The spectrum of emitted radiations producs
bright lines with dark background.

_

656.2nm
Wavelength ——

Figure 2.14 Hydrogen Line Emission Spectrum
Spectrum of Hydrogen Atom

Bohr proposed that the ener
must have specifi

higher or lower e
pulse).

9y, which is emitted or absorbed by an atot;
¢ values. The change in energy when an electron mové
nergy levels is not continuous, rather, it is discrete (enerd)

When a hydro
its electron is moved

: : ing
9€n atom is excited and absorbs energy from surrour™

to h'gher ene : o but wh
electron jumps from "9y level, a dark band is obtained '

2 higher energy orbit to the lower energy orbit, 1

n the line spectrum. _ - ‘tain“’
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tube is reduced t0 0.001 mm of Hg, The
hode is a heated filament and due tq hi
d anode, electrons are emitted from Cathode
trikes with high speed. Due to some eleq,ar.‘
photons are emitted from the anode. O

haped with its focus on the anode. The ety
ed on small portion of anode and X - i

The pressure inside the
30,000 to 50,000 volts. The cat
difference between the cathode a.n
travel towards the anode where it s
transition, high energy X-ray

The cathode is concave S
emitted from cathode are focus
emitted from that small portion of anode.

ltageis
ch pog.

-
rolage T2
source |

LT

X-rays
Figure 2.19 X - Rays Production by Roentgen Method

Properties of X-Rays s
X-rays are electromagnetic radiations and have very .h"gh'n o
(shorter wavelengths). The wavelength of the radiations constituting ==

o [¢) . the
ranges from 10%A to 10"?A (0.001 nm to 10nm). The following are
properties of X —rays.

1. These rays travel in straight line.

2. These rays are not deflected by electric and magnetic ﬂek?'
3. They are neutral in nature. o aepeﬂd’&
4. They have the ability to ionize the gases. The ionizind power

the intensity of the X — rays beam. ot P |asS‘et°
5. They can produce fluorescence in substances like NaCl, salt* .
6. These rays can be reflected and refracted. - | ‘ P
; These rays can be diffracted by crystalline substances- Their pof‘”“/

These rays can penetrate through many substances
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power is different in different substances.
9. These rays can blacken the photographic plate.
Uses of X-Rays
Following are the main uses of X-rays.
1. X-rays are used in the field of medicine due to
through the flesh and bones of the body.

2. X-rays are used in the XRD analysis (X-rays diffraction analysis) for
measuring space between the ionic layers of a crystalline substance.
3. X-rays are used for the ionization of gases.

4. X-rays were used by Watson and Crick to identify the double helix
structure of DNA.

24.2 Types of X-Rays
There are two types of X-ray spectra

1. Continuous 2. Characteristic
1. Continuous X-rays

The continuous X-rays spectrum appears when an electron previously
accelerated by a high potential difference is deflected by the nucleus of target
atom of anode. This deflection results in loss of energy of the incoming electrons,
which is released as X-ray photons. Thus, the maximum X-rays frequency possible
emitted is equal to the maximum enerdy of the incoming electrons.

2. Characteristic 3(-rays : _

The second type of X-rays spectrum arises when an incoming electron has
enough energy to remove an electron of target atom from its inner shell. The
other electrons of atom will rearrange to fill the missing space and a set of X-rays
lines will be emitted corresponding to these electron transitions from outer shells
inner shells, | ‘ ' =

This X-rays spectrum has ‘di_aﬁnite series named as K-series, L-series etc.
The production of these series is described as follow. . ;
Supposes K-shell electron is knocked out from an atom creating a vacancy

K-shell. Thénfelectron from either, L, M, or N shell will quickly jump down

different penetrating power

in the

N order to fill the vacancy in the K-shell, emiﬁing the excess energy in the form
of X-rays Photon. An X-rays photon emitted due to transition of L-shell to the
Vacant space in the K-shell is called Ka characteristics X-rays. The transition from
and N-shells to K-shell gives rise to KB and Ky characteristics X-rays,
"spectively. These X-rays are of high energy. Similarly L, M, and N series
facteristics X-rays, relatively of low energy, are produced due to the ejection
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' Teaching

Use VSEPR and VBT theories to describe the shapes of simple covalent
molecules. (Applying)

Describe the features of sigma and pi bonds. (Understanding)

Describe the shapes of simple molecules using orbital hybridization.
(Applying)

Determine the shapes of some molecules from the number of bonded
pairs and lone pairs of electrons around the central atom. (Analysing)
Define bond energies and explain how they can be used to compare bond

strengths of different chemical bonds. (Analysing)

Predict the molecular polarity from the shapes of molecules. (Applying)
Describe how knowledge of molecular polarity can be used to explain
some physical and chemical properties of molecules. (Analysing)

Describe the change in bond lengths of hetero-nuclear molecules due to
difference in electronegativity values of bonded atoms. (Understanding)
Describe the difference among molecular, network and metallic

solids. (Understanding)
Explain what is meant by the term
bond. (Understanding) SRS

H—H
2 I

. Assessmen =
¢  Single bond 6506

- K
|Weig|“age % o , .

L} | Double bond

ionic character of a covalent

Triple bond
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Theories ot Covalent Bonding and Shapes of Molecules

~#"Many boron compounds are electron-deficient, meaning that they lack an
octet of electrons (mostly have six electrons) around the central boron atom.
This deficiency of electron is responsible for acidic nature of bor »,n.compdundg,

b. Two Bond Pairs and One Lone Pair

example of the molecules having two bond pairs and one lone pair s,
stannous Chloride (SnCl,)

Stannom, Snso = [Kr] 4d*°5s?5p? has four valence electrons. Two electrons
present in 5s orbital remain non-bonding (lone pair) and two electrons of 5p orbitals
form two covalent bonds with chlorine atoms. The Lewis structure of SnCl, s,

S..
) @
X X
X X X X j
X X X X i
XX XX

Figure 3.5 Lewis Structure of SnCl;

P

Molecules with two bond pair electrons and one lone pair shall have the non -
linear geometry. The lone pair occupies more space than the bond pair of electrons.
Therefore, it pushes the bond pairs of electrons. The lone pair present in the stannous
chloride occupies one corner of the triangle and the other two aie occupied by two Cl
atoms as shown in figure 3.6. Therefore, the bond angle is reduced than ideal angle of

120°. The effective molecular shape of SnCl; is angular (V-Shaped).

Sh
FaioaSe
€. Cl

Angular structure of SnCl,

VSEPR Model of SnCl;

, I
Figure 3.6 ]
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i F it - 3 ‘Theories of Covalent Bonding and Shapes of Molecy,
|

These structures express some of the pro'perties of the com o
none of these structures describing all the propertl‘es of that compgyy d
The basic conditions for writing the resonating structures are
l : The position of the nuclei (atom) In .a!l structt.xre must be the Same
" The structures differ only in the position of pi(r)electrons
The number of unpaired electrons in each structure must be the Same
For example, many bonding situations can be better describeq yg; |
than one valid Lewis structure for ozone (0O3). In ozone (03)., the central sty
a single bond with one oxygen atom and a double bond with other oxygey

G:

O—O=O<——>0=O"‘O

(a) (b)
Figure 3.14 Resonance Structure of ozone (0;) Molecule
These Lewis structures cannot tell which atom has double bond
~ oxygen atoms have equal chances of having the double bond. These
structures are called resonating structures. These structures differ from
another in the position of m-electrons (double bond) and not in the positd!
atoms. The actual structure of ozone is weighted average of these tW0
Lewis structures. ]
The phenomenon of resonance explained a number of facts whit
not explained by the simple Lewis structures. The most important €
. resonance is that it stabilizes the resonance hybrid. The energy of resonan
is lower than calculated value of resonating structures.
3 .2 Theories of Covalent Bonding
= Jihe f‘:"!°Wi"9 two theories are used to understand the nat
nf, '?_::3:;::::8\;5"5:?:;? Res;nance Theo.rigs. A
2= TheMelesilar O it ry (VBT) and Hybridization
al Theory (MOT)

3.2
1 Valence Bond Theory (VBT) and Hybridization

For a theory to : and? 4
Ofy to be accepted, it must explain eXperimeﬂté'l dafa wider i 4

redi i
gccel;cttatr);za;gr Of? substance, For example, VSEPR theory has ga rM |
use it explains and predicts all dimensional mO s

2D and 3D i '
) that are Consistent with experimental data collect for 2~

re of

Chemistry Grade XI

Scanned with CamScanner



Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




After reading this unit, the students will be 'aﬁblgit;;c %

« Listthe postulates of Kinetic Molecular Theory. (Remembering)
» Describe the motion of particles of a gas according to Kinetic Theory.
(Applying)

State the values of standard temperature and pressure (STP). (Rememberi ng)
Relate temperature to the average kinetic energy of the particles in a
substance. (Applying)

Use Kinetic Molecular Theory to explain gas pressure. (Applying)

Describe the effect of change in pressure on the volume of gas. (Applying)
Describe the effect of change in temperature on the volume of gas.

_ (Applying)

~* Explain the significance of absolute zero, giving its value in degree Celsius

~ andKelvin. (Understanding) ,
State and explain the significance of Avogadro's law. (Understandmg)

(Understanding)
Explain the significance and different units of ldeal gas constant.

(Understanding) ' 4
Distinguish between real and ideal gases. (Understanding)

I Teaching

14

| Assessment

|w°'9htlge %
12

| | Chemistry Grade XI
& win T - 3 A N2 - R_ ) & N
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Derive Ideal Gas Equation using Boyle's, Charles’ and Avogadros law.
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Acids, Bases and S

this unit, the students will be able to:

- fter reading
bases. (Remembering)

, Define sronsted and Lowery concepts foracids and
. pgﬁngsalts, conjugate acids and conjugate bases. ( Remembering)

. Identify conjugate acid-base pairs of Bro nsted-Lowery acid and base. (Analyzing)
ation constant of water and calculate pH and pOH in aqueous

K, values. (Applying)
zation and the acid dissociation ¢
d weak acids. (Applying)

and the base dissociation cons

d weak bases. (Applying)
s how a buffer system wdrk‘s._(Applying)

h a solution maintains a
f strong acid orstrong

Explain ioniz
~ mediumusing given
+ Use the extent of ioni
3 distinguish between strong an
_:1-.::U_$e the extent of ionization
~ distinguish between strong an
+ Define a buffer and show with equation
and explain how suc
ddition of small amounts O

onstant, K, to

tant, K, to

; ake 2 buffered solution
- Constant pH, even with the a
3 _baSE;-(Understanding)

f i :-USE th.e concept of hyd rolysi
3 i acidic or basic. (Applying)

% USe concept of hydrolysis to €X
: necessarily neutral- (Understanding)

g Define and explain leveling effect. (Unde

s to explain why aqueous solutions of some salts

plain why the solution of a salt is not

rstanding)
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Introduction _

Acids and bases play key roles in your bodies, homes and in indue
society. Proteins, enzymes, blood and other components of living matter chm&.
both acids and bases.

Acids were originally identified by their sour taste. Now they g6l
recognized by the colour changes of dyes called indicators and by their reacy,
with metal oxide, hydroxide and carbonates and also with metals themselves
of these reactions produce ionic compounds called salts.

Bases were originally identified by their slippery feel. Now they &
recognized by their effect on indicators and by the fact that they react witho
neutralize acids. If a base dissolves in water, it is called an alkali. |

You have already learnt about acids and bases in grade X. In this unit jo
will recall the Bronsted- Lowery concept and Lewis concept for acids and b :
You will also study in this unit about conjugate acid - base pairs, strength
acids and bases, pH and pOH, buffer solutions and their applications etc

8.1 Acidic, Basic and Amphoteric Substances ol

The word “acid” is derived from the Latin word “acidus”. mea“"“g :
Some of the characteristic properties commonly associated with acids &
following:

1. Sour taste
2. The ability to change the colour of litmus, from blue to red i
3. The ability to react with, ; 3
» Metals such as zinc and magnesium to produce hYdrogeng
= Hydroxide bases to produce water and an ionic compou”
= Carbonates to produce carbon dioxide gas. ,elea5ed |

; re
These properties are due to the hydrogen ions (H') that @
acids in a water solution e.g.

HCl,, —0 Hzaq)+Cl(—aq)
H,0 . 5 g
0 = NOB(:; iperat™®

Characteristically, a base is a substance capablé

lons (OH"), in water solution, Hydroxides of the alkall meta!
alkaline earth metals (Group TIA), such as LiOH, NaOH, KOH: £ a“ed
are the most common bases. Water soluti;ms of bases ° ;ies '
solutions or basic solutions. Some of the characteristic proP
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Acids, Bases and Salts

associated with bases are the following:

1. Bitter taste

5. Aslippery, soapy feeling

3. The ability to change litmus from red to blue
4 The ability to interact with acids

es are due to the hydroxide ions (OH), released by bases i-n

| Their properti
. awater solution. -
NaOH ———» Nag,* OH,,)
| H,0 o -
ca(OH),, —— Ciw) +20H,

|
The process of neutralization of an acid by a base is represented by the

! reaction of H* with OH to form water.

F Hio b OHpgy 5= H,0p)

f The substance, WhiEh Behaves as an acid In Baske solition and acts és @

I base in acidie selution is called amphoterie substanél For example, Water is the

" most common amphoteric substance. Water may either gain or lose a hydrogen ion
'(proton) under the appropriate conditions. A substance i< said to be amphoteric if it

" @nbehave both as an acid and asa base.

Forexample, water isan amphoteric substance, which

donates a hydrogen ion (proton) to @ base.

Water accepts a hydrogen ion (proton) and behaves as a base when reacts

With hydrochloric acid.
HCl(aq}

behaves as anacid and

SRR - %
+ H200 <"“"'"C'(aq)_ 4 H_30(aq>

so be seen clearly in the autoionization (self) of
ater IuI to

This phenomenon can al e
fromfone W
i

o
a:é;’;e:vtfhich involves the transfer of @ proton TReet IR
o produce a hydroxide ion and a hydronium:ion. cading (e
OH 2 Define acid,
iﬂ'fl{1}+ H20 %—__—__.-——-'—"---} H30+ + OH base and
= acid(@) base(?) g=sati, amphoteric
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n Donors and Acceptors
the acid gives up proton (H’) and a bése accept it i.e.

ton fromanacidtoa base occurs. In other words, a proton donor

@ dferof a pro -
daproton acceptoris a base. For example, hydrochloric acid (HCI) reacts
ia (NH,) to form solid ammonium chloride (NH,Cl). Hydrochloric acid

ton and ammonia accepts it

base reaction,

HCleg + NH3ag) —— NHug* Clag
Unlike the Arrhenius theory, however, the Bronsted-Lowery theory is not

| wticted to aqueous solutions.

#4122 Relative Strength of Acids a

" The Bronsted-Lowery concept considers an acid-base reaction as @

woton-transfer reaction. 7/he stronger acids are thosé which lose thew protons
/e those that hold on

B 0re easily than other acids. Similarly, the stro

Wprotons more strongly than other bases. _ .
_pase reactions, you can observe relative

A By comparing various acid
tngths of acids and bases in table 8.1.

- An acid is strong if it completely jonize
:'0" of hydro chloric acid with water.

nd Bases

s in water. For example, consider the

HClag + @ — Chag' * Hagi d[aq}
i Acid base Base r
3 se the
This : ; ely small extent. Becau
T 'Sreaction ' to an extremely :
: cion occurs nreverse o1 e HCl is a strong acid. The reason

65 et sl :
gy 085 Almost completely 1o the right;so the F-1® 7
| 'Wwoull;as%“g'add. as it loses its proton readily, more.
Udsay that HC| is a stronger acid th" HO -
%tef ® another example, look at the jonization of acetl

.- 9 CHSCOOH{ /)
T e —
El‘F’Er '

LORf o B R i
by tf-r‘a'b""“f’1%oft'he aceticacid

l_me-n_t_ Pva’e§ T 5'0,1M acetlc ac

b Zofimolecules have

IS reactio : AL is.a
s reaction, This shows that ! .S_C.QOH 1820

| LT '
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ek acids contain a mixture of unif:.-nized acid molecules, H3O* ions, aﬁd the m
onjugate base: Examples of weak acids are hydrofluoric acid (HF), acetic acid fl
The aqueous solution of a weak acid contains hydronium ions, anions, and !
gissolved acid molecules. Hydrocyanic acid is an example of a weak electrolyte. In
aqueous solution, both the ionization of HCN and the reverse reaction occur
simultaneous|y. Although hydronium and cyanide ions are present in solution, the
verse reaction is favoured. Most of the solution is composed of hydrogen
ganide and water.
HCN@g + H20) =—— H3O0%eg + CN (g

strength of Bases
““Most bases are ionic compounds containing metal cations and the

hydroxide anion, OH". Because these bases are ionic, they dissociate to some
extent when placed in solution. When a base completely dissociates in water 1o
Fl;l-pfoduce aqueous OH jons, the solution Is referred to as alkaline. Sodium
thdroxide, NaOH, is a common base.
r NaOHs £ 5 Na*(g + OH (a9

; Like acids, the strength of a base also depends on the extent to which the
base dissociates, or adds hydroxide ions to the solution. Like strong acids, strong

bases are afl strong electrolytes that ionizé completely in water. Hydroxides of
dkali metals and certain alkaline earth metals are strong bases e.g.

- KOHBa(OH), etc.

Weak Bases: Like weak acids, a weak base is one that jonizes only to a
Jytes are known as weak bases.

Ho

limj 2
Mited extent jn water. Bases that are weak electro

MMonia ionizes in water as follows:

" NHz(ag + H20g) —

form NI: ‘:‘his reaction, NH3 acts as a base by acceptin
+* and OH- ions. It is a weak base because on

€S Undergo this reaction
' = 3 i i into electricall
Chay Acids and bases when dissolved in water dissociate y

| i isti ' d bases.
i : stfﬂged '0ns. The degree of ionization 1S characteristic of the acids an

"9 aci : ‘ ases ionize to
‘Cqua-la'c'ds and bases are 100% ionized whereas,weak acids and b

NHs* @9 + OH7ea
g a proton from water to

ly a small amount of the

~ ng th:he strength of an acid‘is measured from the tendency 10 cizzaat;g ;ir:;tac;r;
4 4 _'Paif that. of a base is the tendency to accept it, 1t 1 noted from
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* Aweak acid has a strong conjugate base and vice versa.
A weak base has a strong conjugate acid and vice versa,

For example,
Since acetic acid is a weak acid and its conjugate base (CH3C00) s tron

CH3COOHaq) + H:O0wy = HO%a + CH3COO0,y

weak acid Weak base strong conjugate acid  strong conjugate

Similarly, ammonia is a weak base and its conjugate acid (NH,") is strong i

- =
NH3@q + HaOng <=—— NHs'(aq) o+ OHaq)
Weak base : Weak acid strong conjugate acid strong conjugate base

8.4.1 lonization Bwti@n of Water

Water, as you know, is a unique solvent. One of
its special properties is its ability to act either as an acid
or as a base.

“Careful electrical-conductivity experiments have =
shown that pure water is an extremely weak electrolyte. Water undergoes selt
ionization to a small extent, as shown in the model in figure 8.3.

- 41 the saiviohigation of water Hivo water molecules prﬁdUEE d h}’dm”’“m

jon and & tiydroxda ion by transfer of a proton. This reaction is sometimes a0
called the ;¢ 4/ smpfanof water.

* To describe the acid, base properties of water in the Bronsted Lowel
framework, you express its autoionization as follows.

v : Acid1 Base! Acid2 Base2

Def ne strngth of |
acids and bases.

¥
T Fery

P
¢ -

" Wigure 8.2 Self-lonizati : ld
on of Water W
You can observe the small amount to which the self-ionizatio" u"1

occurs by noting the use
use H* (ag) an dgH30 ?man value of its equilibrium constant K Becal toﬂtﬂ
equilibrium constant c:r?) a:”te;chang%bly to represent the hYdrate
30 be expressed more sim
ply as,

HO  — o

Chemistry Grade Xl
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Acids, Bases and Salts Ay

Whenever [H*] = [OH] the aqueous solution is said tg pe ”el;;ra 1
acidic solution, there is an excess of H* ions and [H*] > [OH). In 5 = so.lln"
there is an excess of hydroxide ions, so [H*] < [OH]. In other worgs )
which contains H ions equal to 107 M, is said to be neutral i thJe
ions concentration is greater than 107 M, the solution is said to
whereas, if the concentration is less than 107 M, the solution is basic

3 soly|
h}'dl'
be aigg

Lo e e, = TR,

- CH =aifnent ————
1. Briefly explain amphoteric substance with examples.

2. Give examples of Bronsted-Lowery concept for acids and bases;

3. What is relative strength of acids and bases?

4. What are conjugate acid — base pairs? Give their examples.

5. Define ionization constant of water.

8.4.2 pH, pOH and pK,, ‘

The concentrations of H* and OH- ions in aqueous solutions are verysm
and, therefore, difficult to work with these small numbers like 10", The Dan
chemist Soren Sorensen in 1909, proposed a more practical measur®
expressing the concentration of H* and OH- ions in terms of pH. The acidit‘i?f-
aqueous solution depends on the concentration of hydrogen (hydronium
This scale of acidity provides a simple, convenient, numerical way to s’
acidity of a solution. Values on the pH scale are obtained by mathem™
conversion of H* ion concentrations to pH by the expression

PH = —log[H"] -

+ 1 Hﬂ
Where [H*] = H* or H30* ion concentration in moles per v ’Tﬁe{:
defined as the negative Jo

: . mole
garithm of the H* or H;0* concentration "™

dn?’.
PHi=—loglHi0*) ©  or PH = - log [H*]
A neutral solution at 25°C has 3 [H*] of 1 x107 M.
PH = —log[H*] (8.5)
PH = -log(1 x 107 .
PHE=E= (=)= 7
Therefore, the PH is 7.0.
pH

et _< ";.00 for an acidic solution  [H*] > 1.0 x 107 M
= 72?) for a neutral solution [H*] = 1.0 x 107 M
00 for a bagjc solution [H*] < 1.0 x 107 M
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| Acids, Bases and Sal
Example 8.3
Calculate the [H

pH of 4.
Solution

pH of solution = 4

IHE)i=2 [OH ]=7?

Since you have the equation (8.6) ,

[H*] =10-PH
Putting the values, you get,
[H*] =104
As you have,

H]OH] =104 o [OH‘]:DE'_]

;l sﬁ’-‘u\' 'y -3

9 T concentration of 3 sdlution, Whi_ch}'] |
&

Putting the values, you get,

10
Hijp—
PH g
Q= 0« 190
Practice Problem g 1 e e s

i

Calculate the I-i ofdooz Kh*h;d—“-r-—a.%:@_.--
Practice Probjem 8.2 [ S o

Find the pH of 0,082 M

Ochloric acid (Hcl) solution.

OH solution, e

k Monoprotic acig HA. Its ionization in watl
represented by
HA“"’..’L P H:0%ap + Avyg
The equilibriym €Xpression fo, this ionization s
01 [+
[H >0 [H A (8.9)
Kc-[HZO]"[H 30 ] [Aﬁ]
Wh [HA] 3
€re for aciq i uati0
[l‘j'l |Si e 0] - Ka: 50 you can write the above €4
O [A
K= [A]
 [FaT

(8.10)

Chemistry Grade Xl
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m A'.:Is, Bases and Salts

8.4.4 Leveling Effect

Strong acids, such as HCl, HBr, and HI, all show nearly sy
water. The water molecule is such a strong base compared tq ¢
bases CI-, Br, and I~ that ionization of these strong acids is essentially Com'
aqueous solutions. The phenomenen by which ?"7-@_ strength of differans g
acids having close villues of pK; is levelled (equalized) by a definjte o
called leveling effect, The acid strength depends upon the solvent chosen

They éppear to have nearly equal strengths because their strength z
due to that of hydronium ion (H30*). All the acids, which are comple

dissociated in aqueous solution, are expressed by H3O*
find the order of

lonized.

e STTEngth-- _
he conjig

ion. It is not possieg
increasing strengths of these acids because they are compltgf}

In solvents less basic than water, you will be able to find that HC| HBr, ]

HI differs clearly in' their tct’a\'pdgpc .toqgi_ve up a proton to the solvent
example, when dissolved i etha‘l‘éf ((a wfegker base than water), the exentd

lonization increases in the order HC| < HBr HI, and so HI is demonstrated o
the strongest of these acids. ==

The same effect s noticed i

N the case of solutions of bases. Watér®
exerts a leveling effect on

- 2 the strengths of strong bases. For example the'-
lon, ,Q',\Eﬂith&mide ion, NH;_T1 are such strong bases that thé) ™
P l.e tely with water. When Na,0 and NaNH; are dissolved in water, %%
following reactions, . g

-..2 A
= | ) ;

: | ' ; xide"- '_
| 9th in water: they boh . 9% yield of YA®
o 2SI STength of 02 an i E:VZIZTtgl:E a :2?19% ofoH o |
b : O the str '

ehave 35 equally strong bases in aquzous solution. '
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| 3 What is Kw?

| ® How the sum of pK, and pK, is equal to 14.
. SOCETY, TECHNOLOGY AND SCIENCE

be.. Tetain

T R |

k‘rd'.sso his valye of pH for long time: Th
Pr ng tim

.Qn P

= Fggweeze=="  MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

; ’ Acids, Bases and Salts
AL&M_S acid-base reaction, therefore, is one that involves the donation of
no

from one specie 10 another. Such a reaction does not prod
uce

Jof electron® : _

i g water and is not restricted to any particular solvent.

" Table 8.8 summary of Three Concepts of Acids and Bases
concept Definition of acid Definition of base
Arrhenius H* producer : OH- producer
sronsted — LOWETY H* donor H* acceptor
Lewis Electron pair acceptor  Electron pair donor

 —— —  Self-Assessment -

| Whatis pKa and pKe?
) Whatis meant by leveling effect?

?

L What are Lewis acids, explain it with examples
lain it with suitable examples.

5, What is the significance of Lewis concept? Exp

"’eprubt/:il: i: mixture of different components. The major .compone.nts of milk
iy com;e:\te:nc.j- water. Wh('er? you talk a!::out the curf':llmg_ of milk, you areé
Gt Wl.th one specific milk protein called casein._ |
g'ﬂupin@ﬂ.n Q'QUPlngslare spread evenly throughout the milk. Normally, casein
leg " e -°_“t around in the milk without bonding to anything. These grogpmgs
h‘Ps t;‘;mhve charge, which makes them repel other groupings of casein and
““imhté;aseln evenly dispersed in the milk. Casein has @ tendency to get
e combined. :
b ns cit:;c|:ff10n juice is added, it increases milk’s .acidity be
%c,‘sein ‘epa:;d' V_?hen milk becomes acidic, the negativé charge
?o.,n s to at‘e' is neutralized. Now instead
% ump together. Eventually largé

tally cpop +

g Bllff 'Y see the separation, and then you
ey Z

Ure Solutions and their Applicatio”

Nog Water
Tetai has a pH value equal to 7, but.e¥
e reas

dic charact

cause lemon

which keeps
rt, the

enough ¢

have curdled milk.

S

en the P
on is that €
er or t

urest form of water
arbon dioxide in
he silicatés from

e e : :
%fn‘a ' Water and gives it a slight acl

" e
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w Acids, Bases and Salts

Addition of H \! I‘\» H

e ———————— . 20

| NH4C}'| e OH + NH:
e
NHC o NH, |+ Cr
Addition of OH- ——>NH,OH
Applications of Buffers |
.. The use of buffers Is important in some industri
be interrupted b

g

li. Buffer is important in biological Systems because biological reactions
both pllants and animals are often Very sensitive to pH changes. Hu
blood is buffereq 10 a pH of 74 by means of bicarbonates, phosphaff
_ and comple Protein systems. '

iv. Protei.n studies myst be Performed in buffered media because
Magnitude ang kind of electrica| charge carried by protein molecy

r -

I S¥Bonate {COEZ) or bicarbonate (HCO3)
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il)lli:

| KEY POINTS

X
Brontsed acid is a species (molecule or ion) which donates or tengs t0 don
o

|:.T.

1

a proton. : : |

= BrF;ntsed base is a species (molecule or ion) which accepts or tends tg g,
a proton. ;

" Stronger Brontsed acids are those that lose their protons more easily ttf

i

other acids. ,

® Stronger Brontsed bases are those that hold on to

protons more stro;.*"
than other bases. '

1
y

| ® A species formed from an acid by the loss of a proton is called the conjugf

; base of that acid and a specie formed from a base by gaining a protor’

| called the conjugate acid of that base. ]
a

/A strong acid is one that ionize

s completely in aqueous solution. .
m A weak acid is one that ionizes

only to a limited extent in water. :

m Acid-base reaction involves the transfer of a proton from an acid to a base’
weak acid has 3 strong conjugate base while a weak base has always a st
conjugate acid. '

1
lonic product of water, k., is 4 constant quantity equal to 1 x 10~ at 25°C. !
When 3 B l Wi [H-‘][OH‘] i 78 (i ;

ase completely dissociates in wat i OH- ions
solution is referreq as alkaline, €r to yield aqueous

S both as an acid and a basé

H or H3;O* concentration in mole‘d
™ POH is defingq 5. P\ Oreater is the acidity. |

a : ; o
mMoles per dm3 - S the negatwe Iogarithm of the OH" concentrau
" K the acig ioniz

of an acig.
Hx(acn

ation con , o
constant. IS the equi“brium constant for the jon

_

H*ag + X (aq)

Scanned with CamScanner



Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




===

Y-‘B/— Volume of solutg <100
v~ Volume of ofsolution
10.2.2. Molarity (M) _ ¢
The molarity (M) of a solution Is the number of moles of solute per dm?
SREHOn \ Number of moles of solute

Molarity (M) = Volume of solution (dm’)

1dm® = 1000cm’ =1 litre
mass of solute in g
Number of moles of solute=
Mol. mass of solute

Therefore,
massofsolute in g - 1
Mol.massofsolute volume of solution (dm3)

Molarity (M) =

For example, one molar solution (1M) of sugar, C12H22011, contains.f ol
or 342 g of sugar per dm? of solution. It is prepared by adding 342 g of sugari
one dm? volumetric flask and then by adding water first to dissolve and the
dilute the solution until the level of the liquid reaches the etched mark i€ e
the volume of the solution becomes exactly one dm?.

10.2.3 Molality (m) = .

- Molality is another concentration unit of solution. "_Molality is defined )
the number of moles of solute present in 1kg of solvent. In other words ™

molality of a solution is equal to th . |
én olv
1000g of solvent. \umber of moles of solute diss

Molality (m)= Number of moles of solute
Number of kilogram of solvent ==

50r
mass of solute 1

of water the molality
m
of temperature. T g

i <R Chemistry Grade XI
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. > Solutions and Colloids |

Putting values in the above equation.

0402K _50gx128gmol”
~ 1000gkg™ 0.51269

=5.02Kkgmol*

(i) Freezing Point Depression

The freezing point of a liquid is the temperature at which the sofyyg
begins to separate out from the liquid phase. At this temperature soliq ang

phases are in equilibrium and have equal vapour pressure. A solution freez
lower temperature as compared Y

to its pure solvent. This lowering
of freezing point of solution as
compared to its pure solvent is
called depression of freezing
point. This lowering is due to = |

lowering in vapour pressure of goild\) .......
solution as a result of addition of omvent

....... ZAZ VR : Solution ‘
~small amount of non-volatile C / : J
solute. The depression of freezing AT, e ‘;m”'}ﬁme
point of a substance depends on: = Ditgrl::ssion :
i. The nature of solvent” ¢

ii. Concentration of solute

particles.

.

3

"¢ Vapour Pressure

o

8"

T, T, T

= .
Figure 10.4 Depression in Freet E

The curve AB i | 2 and. ,
for that of the so|ys; s for the vapoyr pressure of the pure SONVE™ " 4

'oNn. The curve R ; s
The solvent freezes at temperaturCB e S
pressure of freezin =

g solvent ;
solvent. The Curve At is po

: BE for sojyti
freezing point of solution T, olutj

e e NI
T1 corresponding to the PQ'rg i fof Lt
- The portion of the curve BE > his

, : .t point =
On intersects curve BC at P
Hence ' '

L“' ATf = T1 - TZ-
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Electrochemistry
Now the final balanced equation is:
3Zn + gHNO3: — 3Zn(NOs)+ 2NO+ 4H-0

the Redox Equations b
Eque y the Half Reactio
d of balancing is also called the /on e/ect'r‘olrvrie/:vg?/?od No

nfed in this method. It applies to redox reactions
dium. The following steps aré used for balancing

12.1.5- Balancing
This metho

oxidation numbers are assig
takind place in aqueous me

redoX equation by this method.
i Split the equation into two half reactions, oné for oxidation and th

reduction showing only the oxidizing and reducing agents.
Balance number- of atoms on both sides of the two half reactions

independently. In neutral medium H>0 and H* can be added on either side.
In acidic medium the H* ion may be used for greater number of oxygen and

n be added to the other side.

e other for

i
de deficient in negative

H20 ca
iv. Balance the charge by adding electrons (e) to the si
charge.
ction by a number chosen so that the total number of
ls the number of the electrons

v, Multiply each half rea
electrons lost by the reducing 2

gained by the oxidizing agent. -
ing from the multiplicati

Wi Add the two half reactions result
appearing to both sides in the net equation. s
r of atoms and the net

vi. Check the final equa counting the numbe

charge on either side. .
- | g place in acidic

gent equa

ons. Cancel anything

tion by

Medium by ion electron method.
Split the reaction into-tWe half reactions: one for 0

reduction. . Jation number sho '
i Z)) l\}o2 T Ng (d(;rc‘::::eirl\noixéation number. of N'shows re:tiction) 7
) Balance the number of O-atoms 0N € h half reaction by adding )(0")’9
excess side) and H20 t© other side. Als multiply I by 2 1n Equation (a
a)21I” I,
o h half reaction by adding electrons

. b)NO ,, |
) Sk 2H .
»f:'a.nce the charges o" poth sides of eac
o Stherside.
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b) NO; + 2H* +2e” ——» NO#HO = - :

iv) The total number of electrons lost and gained in the Mo half reactions are the
same. So adding the two half reactions after canselln_g the electrons Gaineq
with the lost, we get a balanced net equation. I

a2l —— L, +2e
b) NO, + 2H* +2e~ —— NO + H,0 i
Balanced equation 2H" +NO, +2I" — NO + I, +H,0
X 1216 Chemistry of Some Important Oxidizing and Reducing Agents
a) Reaction of Oxidizing Agents ,
Potassium dichromate (K,Cr,0,) and KMnOsq (potassium permanganate)
-arestrong oxidizing agents.

1. Potassium dichromate (KZCrZO7) is a strong oxidizing agent. In presence of|

dilute sulphuric acid it acts as a strong oxidizing agent and oxidizes a number of

compounds. In all these reactions chromium ion is reduced from +6 to +3
oxidation state.

) It oxidiggs iodide ”go iodine o
Kalra07 +6KI + 7H;S08 ——» Crr(S04); + 4K,S0, +31; + 7H:0
i) It oxidiz{es ferroyls salts to ferric salts. |

17
K26207 +6FeSO4+7H,50, —» Cr2(SOy) 3+3£22(SO4)3+ K>SO4+ 7H:0
2, Pou.sﬂum permanganate (KMnO,) is a strong oxidizing agent. In presence
of dilute sulphuric acid it acts asastrong oxidizing agent and oxidizes a number
of compounds.

i) KMnO, o7xidizes KLin the presence of (dil) HS0, to I,
2KMRO + 10KI™+ 8Hu i | b
: i T ONB0s —— 2 MNSO, + 6K,50, +5 Tt 8HIO
_ ‘u) KMnOy, 97x|d|zes oxalic acid in the prese

nce of sulphuric acid to CO:
12 -
2KMr104 +5 (CO0) 2 MnSO4 + K250 +10C0z+ gH:0
b) Reactions of Reducing Agents

- HaSand SO, are reducing agents,
1. Hydrogen sulphide (H,S)
i) It reduggs halogens

2Hz + 3H.S0,

's reducing agent in acidic medium.
to halogen acids, ¥ f
-2 l e (RN :

(?‘.cn\r-ln Grade X
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i dioxide (SO.) is reduci ;
) Sulphur : Ng agent in the acigic o
i. SOz reacts Wltn KIO; and reduces it to , acidic medium
2KIO3 +550; +4H,0 ——, 216_&64
ii. SO2 redgg,:es KMnOs in acidic medium,

3 rd 1% ¥
q 2KMnOs + 550; + 2H,0 —, K2SO4 + 2ﬁn$64 + 2H2§64

' 72 Electrodes, !?Iedroc!e Potential and Electrochemical Series |
ArT electr_olytlc cell is composed of two electrodes suspended in an |
dectrolytic solution. They are connected to a battery. The electrode, by which
| electrons enter the solution, are connected to the negative terminal of the battery
and serves as a cathode, while anode is Battery |
onnected to the positive terminal of the
battery where the electrons leave the cell.
 The electrodes are metallic plates, wires, or Anode Cathode
2/ 1ods through which the current enters or -
gh which the curre te

_’ leaves the electrolyte in a cell. The positive
dectrode is called anode and the negative
Yectrode is called cathode in electrolytic
el The electrolytic solution contains ions
Moduced by the spontaneous dissociation
:)fthe dissolved electrolyte. The positive
) S, called cations move towards the &
| “%3tive electrode (cathode), whereas, the Sty o

"ative ions which are called anions MOVE — gigyre 12.1 Electrolytic Cell

0 ¢
"ards the positive electrode (anode).
When the current passes through t

o ; .
b:sanOde' They get discharged by 9Vind their electron

the cations tend
' AANE n the other hand,
! glectrons at anode is called oxuda.tlonr.I Selectrons trom the electrode and

t cathode. The tWo half-cell

s are as follows:

ré o
+ 3HZSO4 +IZ

ution, the anions move towards

ol
G the electrode. The

r@;‘tfialize their charge. Hence, reduction
1S taking place at the two electrode
At anode X
At cathode M*j+28:2 ST X, + M
: Net Reaction 2X~ +M e
| depog N the above reaction two electro number ©

| me :
,Qxidatited on cathode whereas the 2 ¢ electrons gain
L °" The net result is that the MY

| (oxidation)
(reduction)

mber OLEEEE=0 = ey
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Unit - 12

takes place. At one electrode electrons enter resulting in reduction reaction While at"
the other they leave the solution and oxidation takes place. A typical example of h,
voltaic cellisthatofaDaniell cell.

Daniell Cell:
As you have studied in your ninth grade, this cell has a Zn e|ectrode*
dipped into 1M ZnSOx solution and a Cu electrode immersed in a 1M solution of
Cu?* ions. These two half cells are externally connected through a metallic wjre
while internally they are connected by a salt bridge. The salt bridge contains an -

aqueous KCl solution in a gel and allows electric connectivity between the two -
compartments i.e. anode and cathode compartments.

‘.

Fig: 12.7 Daniell Cell

Zn tends to lose electro : o to the
ns more Rt rons .
electro readily than Cu giving its elect

de at the anode and get oxidized. Electrons flow from the Zn electrode
ctrode through external circuit. The Cu*

updthe' electron.sz and get deposited as neutral
reduction of Cu™ takes place. The following half

Cu ele

ions, surrounding the ¢t
hodé {
metal at the copper cat

: es:
reactions occur at the electrof
At
anOde Zn —_— zn2+ + Ze_ EOOX= +0,76V
At cathode Cy?*+ e & E%eq = +0 34V
. d = ;
Net reaction Zn + Cu?* s Ci E°:ell =1.10V

The cell is represented as follows

In/Zn%* aq(TM)// C2+
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