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Unit- 1 Stoichiometry

Introduction .
Thousands of different reactions are going on in labomtones‘
kitchens, car engines, the atmosphere, the earth beneath yo and
body. These chemical reactions have a great effect on your lives. There'am
examples of such reactions like conversion of food to energy in the humag
formation of ammonia (fertilizer) by combining nitrogen and fy .
preparation of starch by plants from carbon dioxide and water using ‘9"“?1
sunlight etc. The main purpose of chemistry is to understand chemical chap,
Chemist calculates the amount of product from the balanced chemical equat;
A wrong calculation of amount would result many problems. Therefore &
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 d
the chemical reaction. In this unit, you will learn how to interpret &
balanced chemical equation in terms of interacting with moles, represents
particles, masses and volumes of gases and their stoichiometric calculations
Stoichiometry, (Greek words 'Stoicheion | Tidbit _
means  elements : .and mgtron means Analyuczlchemm‘
measgrement). Stoichiometry is quantitative ﬂ_‘emo‘gm
chemistry. It is the study of the relationship | Whlehxdeals"""‘“
between relative amounts of substances involved smdyofaﬂa'ygs =
ina chemical reaction. The formula of a | w2 ycessing
compound provides information about the relative ! the
amount of each element present. . o n of mate

Stoichiometry  is  essential  when and structure ©

quantitative information about a chemical reaction | poth quﬂ'“t’vdy
IS required.

It also tells how much of the matter is ifi\p’mcx

: : r
réquired to form a specific amount of another form of the matter 3!
amount of the matter is present, how much of the product

formed under the given conditions.
11 Mo.l‘e and Avegadro's number (Na) pon ¢ "
The idea of atomic mass, relative to the mass of the X e

ga{ken as .12 units, has already been discussed in your prekustg“’"yd
omic mass fs dea ned as the mass of one atom of an

Chemistry Grade Xl
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Table 1.1 Names of the First 20 Elements —  —_

Element | symbol | Atomic Atomic | Element Symbol | Atomic e
Number | Mass : Number | v
Hydrogen H 1 1.008 Helium He | 2 |3
Lithium Li 3 6.94 . Beryllium Be 4 900
Boron B 5 10.81 Carbon C 6 | 1
Nitrogen N 7 14.00 Oxygen =i 1599
‘Fluorine F 9 | 1899 | Neon Ne | 10 | 2
Sodium Na 11 2299 | Magnesium | Mg 12 2430
Aluminium | Al 13 | 2698 | sSiicon | Si | -14 B0
Phosphorus P 15 30.97 Sulphur SEB{NTNOE 3206
Chlorine Cl 17 | 3545 | Argon | Ar 1 18 | 399
Potassium K 19 | 39.09 | Calcium Ca 20 | 40
Science, Technology and Society
Several methods are used to find the sample. These may be broad‘ly Mb:
ntitative analysis. Qualitative analysis tells us wm:::gpes

qualitative analysis and qua
sample, while quantitative analysis t
ofanalysis are often used togetheran

ell us 'how much'is in the sample. These
d are considered in analytical chemistry:
hemistry- Chemists usual)

Quantitative analysis is very important in €
ound. Here are e

determine the amount of substance present in the comp
results of quantitative analysis:

e The NaCl solution concentration is 0.1 M.

s The chemical reaction produces 5.50 moles.

» Ore contains 64.88% silver by mass.
- medical science .ned'ﬂ

: Beside this, quantitative analysis is very important i is dete™ b
sciences use the result of chemical analysis for example, glucose de‘tef“‘wd

blood and urine of diabetics. The cholesterol level in blood ¥
quantitative analysis,

1.2/Mole Calculation .
Molar Mass - £ M
: . 0
s Molar mass is defined as the mass in grams of o 'a/zbst?"“ @ 4
erm molar mass js 315 used to the mass of a mole of any ? -

-
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~ Sloichiometry

molecules, formula units or ions); it is the atomic mass of an atom or the sum of
the atomic masses of all the atoms 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;S04
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,
mass(in grams) (11)
molar mass(in grams per mol)
Using the above equation, you can convert any mass of a particular
substance into moles or vice versa. ' 2 :
As one mole of any substance contains 6.023x10 (Avogadro§ number) of
atoms, molecules or formula units, one can also develop an efqual.tnon between
the number of moles and the number of particles present. This will lead to the

- following relationship. |
Number of particles(atoms, molecules, formula units) (12)

Numberofimolestt) = Particles per mole or Avogadro's number (mol™)

O - s .
r O Number of particles(atoms, moleculef, formula units) (13)
Numberof moles(n)= 6.023%10% (ol 5

Number of moles () =

The following examples will illustrate the above equations.

How many moles are there in 60g of sodium hydroxide (NaOH)?

The relative formula mass of sodium hydroxide (NaOH) = Na + O + H
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Stoichiomelry

1.2.1 The Mole and Chemical Equations

When iron reacts with sulphur, it produces Iron sulphide (FeS) the
equation is,

Few + Su . S FeSe)

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).

Few e T T S 0
1mol 1mol 1mol
564 32g 88g

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 created 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 reactantis
fully converted into products. At the same time,we 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
productsinvolvedin the reaction. There are various ways of doing these calculations
because quantities can be expressed eitherin moles or in mass 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. A

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

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

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

=

Oxygen can be prepared by the decomposition of potassium chlorat®
(KCIO3). How many moles of O can be formed by taking 10 moles of KCIO%
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Stoichiometry

according to the following equation?
2KC'O3(5) ﬁ_’ 2KC|(5) + 302(9)
Solution:
We have the conversion factor from the balanced chemical equation as:

2 mol of KCIO; = 3 mol of O,
1molofKCIO; = % mol of O;

10 mol of KCIO; = ;-xlo =15 moles of oxygen

———

Practice problem 1.4 e _"“J-. R 20 [ RS St

How many moles of carbon dioxide will be produced by the complete
combustion of 2.0mol of glucose (C¢H1,06) according to the following

?
equation? CeHiz0s + 60, ———* 6CO; + 6H20,

—<T L Self-Assessment

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?
4A|(,) + 302@ —tp 2A|203‘(,)

bW

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

the other substances

Example 116+ :
How many grams of CO; can be produced by thermally decomposing

8.8 moles of ZnCO3)?
Solution

ZnCO3 ___—’ZHO(s) + COZ(Q)

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; -

So, 88 mol of ZnCO3() = %x 8.8 mol of CO,

= 8.8 mol of COz(g)
Now convert number of COy into grams, using the formula
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Stoichiometry

Molar mass of Al = 27g/mol

mass(in grams)

Number of moles of Al=

Molar mass of Al(in grams per mol)
145 g
27g/mol
Use conversion factor (equivalency) from the balance chemical equation:

4 mol of Al = 2 mol of Al,O;

Number of moles of Al= =0.54mol of Al

Therefore, 0.54 mol of Al 5%«0.54 = 0.27 mol of Al;O3

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

Practice problem 1.6 . _
he oxidation of glucose (C¢H1;06) to carbon dioxide (CO;) and

-
water (H;0) occurs as:

C5H 1205(;)1- '602(9)

What is the mass of CO; produced, when 856g of CgH;;O¢ 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 Ithe volume of a gas as gases
weigh very little. But we need to know how t}he{g_iven,volume-offa' 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 _m
It has been found "ex'perimentally that one mole of li.?iiigé-= 1dm?
any gas at standard temperature (0°C or 273K) and llitre = 1000ml
pressure (1 atmosphere) or STP (standard temperature | 144 _1000cm?
and pressure), occupies a volume of 22.4dm’. This is S SN

» 6CO, + 6H0,
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Applying) -
dii of orbits. (Understanding)
f electron in a given orbit of

summarize Bohr's atomic theory. (

Use Bohr's model for calculatingra
Use Bohr's atomic model for calculating energy ©

hydrogen atom.

Relate energy equation (for electron) to frequency, wavelength and wave
number of radiation emitted or absorbed by electron.

Explain production, properties, types and uses of X —rays. (Understanding)
Define photonas aunitof 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 Quant
Use the Aufbau principle, the Pauli Exclusion Princip
the electronic configuration of the elements. (Applying)

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

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

um Theory.‘(Understanding)'
le and Hund's rule to write

sing energy:

-

Teaching Assessment |Weightage %
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Atomic Structure

Later JJ. 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, perfo
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.
il. They produce a sharp shadow i
as shown in figure 2.2.
ii.  These rays produce fluorescence (a glo

discharge tube. _
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 st
vii.  These rays can ionize the gases.
viii. These rays can cause a chemical
they have reducing effect.
ix.  These rays can penetrate meta
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.

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

1.7588x10"C/kg.
xiii. Charge (e) on cathode rays (ele

rmed by various scientists, showed

f an opaque object is placed in their path

w) when they strike the wall of the

rike heavy metal anode.

hange in a material on which they fall, as

llic sheets like Aluminum and Gold.
ed particles as when these rays are
deflected towards positively charge

ctron) is 1.6022x10°C.
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Shadow of the

I Anode
Metal Cross

(Metal Cross,

Fig 2.3 Cathode Rays, Rotating light Pin.

Fig 2.2 Cathode Rays Casting Shadows

‘/'_ P o m———
-

e

T

Effect of Electric Field on Cathode Rays

? _ Figure 2.4 Cathode rays, deflecting in an electric  Figure 2.5 Cathode rays, deflectin
l’ field magnetic field

On the basis of the above characteristics, it was concluded ﬂ‘a;‘%

cathode rays were in fact negatively charged particles. G. J. Stoney gave

particles the name “electrons”.
2.1.2 Mass of the Electron

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

The charge to mass ratio, € _1.7588x 10"C/kg (21 |
m
|

The charge on an electron, e = 1.6022x107°C J

Putting the value of ‘e’, in equation (2.1), you get,
1.6022x10™°C ,._M
= = 1.7588x10""C/kg o
By cross multiplication,

m x 1.7588x10*C/kg = 1.6022xx10°C | onditions th?
_ 1.6022x10™°C necessary O, ot

m=
or  m=9.1069x10*kg rays. i

or  m=9.1069x10%g

X 10™C. Mabﬂ

C hoemstry Caradk
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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 + In (neutron)
1A+ JHe (a- particle) —— P +n (neutron)
2.1.7 Characteristics of Neutron

Neutrons have the following characteristics.

i. Neutrons are highly penetrating particles. ’W

i. 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
production of

substances like paraffin, water, cellulose etc. :
iy Neutron has mass 1.6749x107'kg and is 1842 times as | neutron from the

heavy as electron. lighter atoms.
WS SR — —
Table 2.1 Characteristics of the Three Fundamental Particles
: Mass Charge Unit Relative Atomic

Pariicies (kg) (€) | Charge | Mass (amu)
Electron | 9.1069 x 103! | -16x10™ | -1 _0.00055
Proton 1.6726 x10% | +1.6 X1 (oo e ) 1.0073
Netton litema oLl 0 | 0 1 1.0087

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 notdo 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.

’
g
SRS =
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i. Line Absorption Spectrum = :
The spectrum produced from the radiations from which the

particular wavelength are absorbed after passin.g through the aheon.
substance. The spectrum obtained consists of a series of dark lines i 5 brigk
background, is called atomic absorption spectrum.

-.
& (2
- ¥

397 4100 4340 4861 656.2 nm

Figure 2.13 Hydrogen Absorption Spectrum
ii. Line Emission Spectrum

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

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

656.20m
Wavelength ———

Figure 2.14 Hydrogen Line Emission Spectrum
Spectrum of Hydrogen Atom

Bohr proPosed that the energy, which is emitted or absorbed by an &
nTust have specific values. The change in energy when an electron moves ¥
huglhe)r or lower energy levels is not continuous, rather, it is discrete (€769
pulse). '

When a hydr

ogen atom is exci . <yrround™
its electron is moved to hj excited and absorbs energy from su

. gher energy level, a dark band is obtained bu.t whe

(=%
B o
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reinside the tubeis reduced to 0.001 mm of Hg. Thevejtan.. :
olts. The cathode is a heated filament and due tq high 'skq
anode, electrons are emitted from ‘
trikes with high speed. Due to ”meeode"f
tted from the anode, Ie“"\

The pressu

30,000 to 50,000 v
difference between the cathode and

travel towards the anode where its ;
transition, high energy X-ray photons are e'ml |
The cathode is concave shaped with its focus on the anode. The g,

emitted from cathode are focused on small portion of anode and X - i
emitted from that small portion of anode.

Ul

Cathode
ll'!'

s

Target ]

)

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

Properties of X-Rays o froq
X-rays are electromagnetic radiations and have Vvery h'? ing X7
(shorter wavelengths). The wavelength of the radiations constituting ==

28 29 o are the g
ranges from 10%A to 10"?A (0.001 nm to 10nm). The following
. properties of X —rays.

1. These rays travel in straight line.
2. These rays are not deflected by electric and magnetic ﬁeltf-
3. They are neutral in nature. g7 ,depeﬂﬁd
4. They have the ability to ionize the gases. The ionizing power

the intensity of the X - rays beam. ' S i |ass’°“'
5. They can produce fluorescence in substances like NaCl salts, 9
6. These rays can be reflected and refracted. = | o
'81 These rays can be diffracted by crystalline substances- Their peﬂv’

These rays can penetrate through many substances: y
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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
through the flesh and bones of the body.
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 energy 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
Winner shells, _ s
This X-rays spectrum has definite series named as K-series, L-series etc.
Production of these series is described as follow. .

Supposes K-shell electron is knocked out from an atom creating a vacancy
In the K-shell. Then electron from either, L, M, or N shell will quickly jump down
in order to fi|| the vacancy in the K-shell, emitting the excess energy in the form
of X-rays photon. An X-rays photon emitted due to transition of L-shell to the
\3€@Nt space in the K-shell is called Ko characteristics X-rays. The transition from
M and N-shells to K-shell gives rise to KB and Ky characteristics X-rays,
"espectively. These X-rays are of high energy. Similarly L, M, and N series
WWSﬁcs,x?rays,relative'ly- of low energy, are produced due to the ejection

to different penetrating power
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w Theories of Covalent Bonding

and Shapes of Molecules

. 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 fromthe 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 io
bond. (Understanding)

' Teaching H= H
P IR

Assess;nen -.
t Single bond T

01
lWeightage % | | “

1 Double bond

nic character of a covalent

Triple bond
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Theories ot onding and Shapes of Molecules

gl

“Many bgron compounds are electron-deficient, meaning that ’th‘ey lack an
octet of electrons __(mostly; have six electrons) around the central boron atom.
.This_;déﬁdef-‘ciy of electron is responsible for acidic nature of bor ;n,c‘ompo‘uhd‘s; .

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 SnClz s,

S..
o @

X X
x(: X x(: X
X lx X lx

XX XX

Figure 3.5 Lewis Structure of SnCl;

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 shbwn 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
Aecise
€. >* d

‘Angular structure of SnCl;

VSEPR Model of SnCl,

Figure 3.6
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. resonance is that it stabilizes the resonance hybrid. The energy of resonanc

Theories of Covalent Bonding and Shapes of |, i

express some of the properties of the comy.
bing all the properties of that compg,, n?m
writing the resonating structures are, '

b, The position of the nuclei (atom) in all structure must be the sap,
The structures differ only in the position of pi(m)electrons :
The number of unpaired electrons in each structure must be the
For example, many bonding situations can be better described yii .
than one valid Lewis structure for ozone (O3). In ozone (Qs), the central sy |
a single bond with one oxygen atom and a double bond with other oxygen !

as,

These structures :
none of these structures descri

The basic conditions for

o L1 es L ey I8

:0—0=0+«—>0=0-0

o6 L 1) e PO es

(@) (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 T-electrons (double bond) and not in the posite
atoms. The actual structure of ozone is weighted average of these W0
Lewis structures.

Thte phenomenon of resonance explained a number of facts, whid
not explained by the simple Lewis structures. The most important i

is lower than calculated value of resonating structures.

3 .2 Theories of Covalent Bonding M{
bond The f‘_",lowing two theories are used to understand the naturé i
i | !_l'\. ::l_elt;on to VESPR and Resonance Theories.
L Ma ence Bond Theory (VBT) and Hybridization Theory
: olecular Orbital Theory (MOT)

3.2.1 Valen
ce Bond Theory (VBT) and Hybridization
. Fora theory to be
predict behaviour of asu
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, &Sta't'es of Matter l Gases

After reading this unit, the smdents will be able to;’

« 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). (Remembering)
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
and Kelvin. (Understanding)
* Stateand explain the significance of Avogadro's law. (Understandmg)

* Derive Ideal Gas Equation using Boyle's, Charles’ and Avogadros law.

(Understandlng)
Explain the significance and different units of ideal gas constant.

(Understanding) ;
Distinguish between real and ideal gases. (Understanding)

I Teaching

el

‘ Assessment

I'Wﬂohtage %

Chemistry Grade XI '
a® LN, £ - S L 7 av" o
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Introduction
Acids and bases play key roles in your bodies, homes and ip e
society. Proteins, enzymes, blood and other components of living matter ¢y
both acids and bases.
Acids were originally identified by their sour taste. Now they af
recognized by the colour changes of dyes called indicators and by their reaiy
with metal oxide, hydroxide and carbonates and also with metals themselve 4
of these reactions produce ionic compounds called salts. ..
Bases were originally identified by their slippery feel. Now they af
recognized by their effect on indicators and by the fact that they react withe
neutralize acids. If a base dissolves in water, it is called an alkali. 3
You have already learnt about acids and bases in grade X. In this uni
will recall the Bronsted- Lowery concept and Lewis concept for acids and "'*":-
You will also study in this unit about conjugate acid - base pairs strengh
acids and bases, pH and pOH, buffer solutions and their applications et¢:

8.1 Acidic, Basic and Amphoteric Substances ; ol
The word “acid" is derived from the Latin word “acidus’, mean™ “

Some of the characteristic properties commonly associated with
following:

1. Sour taste

2. The ability to change the colour of litmus, from blue to red

3. The ability to react with, ‘ o
= Metals such as zinc and magnesium to produce h?dmgendg{g]ﬂ
= Hydroxide bases to produce water and an ionic compou” .
= Carbonates to produce carbon dioxide gas. 4

le?
" + IE re
These properties are due to the hydrogen ions (H ) that 2
acids in a water solution e.g.

H'Clm -—ﬂ—} H;.q}'i'cqm}

HNO,, — 42, Hoiit NOyuy) |
| Chara.ctenstically, a base is a substance capable of 1ibe GrovP 0]
‘ons (OH), in water solution. Hydroxides of the alkali meta® ot M
alkaline earth metals (Group IA), such as LiOH, NaOH, KO cal lled

re ol
- ses. Water solutions of bases et
solutions or basic solutions. Some of the characteristic P

are the most common ba
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Acids, Bases and Salts e

:'ﬂPrﬂfﬁﬂ ponors and Acceptors
§

 jnacid-base reaction, the acid gives up proton (H') and a base accept it i.e
L ofaproton froman acid to a base occurs. In other words, a proton dnn:::;
proton acceptor is a base. For example, hydrochloric acid (HCI) reacts

_g-glﬂﬁda"da' : .
mammﬂﬂia (NH,) to form solid ammonium chloride (NH,CI). Hydrochloric acid

f,icngivﬂ.s ypaproton and ammonia accepts it.
T T > 3
——— NHA{aq}' 32 CI{EQJ

HClag + NH30q)
er, the Bronsted-Lowery theory is not

, Unlike the Arrhenius theory, howeV
wficted to aguUeous solutions.

#4122 Relative Strength of Acids and Bases
n acid-base reaction as @

The Bronsted-Lowery concept considers @
Tolon-transfer reaction. 7he stronger acids are those, Wi loge thewr protons
hose that hold on

Wiore easily than other acids. Similarly, the stronger bases al’

Eprotons more strongly thalt other bases. e
By comparing various acid—base reactions, Yyou can observe T :

. ‘engths of acids and bases in table 8.1.

%Am acid is strong if it completely ion
k nof hydra chloric acid with water.

izes in water. For example consider the

= i + HiO'wa

HEG{” E(:-;lll'i-E[M:I| . acid

to an extremely small ex‘tenf. Because t::
ht. so the HClis astrond acid. Th:) :e;; :
- readily, more readily than H, j

Hclfaqj +
. : Acid b
. . njh;:“-'acﬁon _Uttu{'s in reverse Gnly
| H’G;is-_é salmost completely (o the right
Moy, strong acid, as it loses ItS proton rea
Ea?thﬁt HClI isaﬂtmnger aCid than Hio ‘ |

. za-t-ion of acetic acid (CHs

MBS anothe v
iy, another example, look at the ion!

Thlsshuws that CH;. _
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|‘,i
ok acids contain a mixture of unionized acid molecules, H30* ions, and the m'
e. Examples of weak acids are hydrofiuoric acid (HF), acetic acid ‘

of we

Jugafe bas

& HSCODH}
- The aqueous solution of a weak acid contains hydronium ions, anions, and

ed acid molecules. Hydrocyanic acid is an example of a weak electrolyte. In

dissolv
aqueous solution, both the ionization of HCN and the reverse reaction occur

5|muitaneously Although hydronium and cyanide ions are present in solution, the
everse reaction is favoured. Most of the solution is composed of hydrogen

yanide and water.
HCN{JQ',+ HzO{.Fj — H3O% g + CN (ag

strength of Bases

Most bases are ionic compounds c
Lhydmmde anion, OH™. Because these bases are i
gitent when placed in solution. When a base completely dissociates in water (o
| produce aqueous OH jons, the solution is referred to as alkaline. Sodium
'f’f’?{drﬁxide. NaOH, is a common base.

;'

|

E

:

|

§

!

' NaOH — 2 » Na'wpt OHa !

ontaining metal cations and the
onic, they dissociate to some

I 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

. b“'?‘ are all strong electrolytes that jonize completely in water. Hydroxides of
dhali metals and certain alkaline earth metals are strong bases e.g.

0K Ba(OH), etc.
Weak Bases: Like weak acids, g weak base Is one that fonizes only to' a
Imited extent jn water. Bases that are weak electrolytes are known as weak bases.
Monia ionizes in water as follows:
NH3iag + H200) —— NHi'@t+ OHuo
i proton from water to

In this reaction, NH; acts as a base by accepting @
only a small amount of the

Im
NHi* and OH- ions. It is a weak base because

1&:111&5 undergo this reaction.
Ha e:cids and bases when dissolved i
Stra g alans' The degree of jonization is ¢
ey Aids and bases are 100% ionized whereas,

dissociate into electrically !

' :
N extent,

ndency to donate a proton

|

:

n water
acids and bases

1":.-__,__

Th m
i.nd ® strength m ed fro the te
tha gth of an acid is measur oted from the acid — base

t -
Pm,th ofa base is the tendency o accept it it1s 1
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A weak 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 (CH;C00) s str
CH3COOHaq) + H:0py = HiO%Gq + CH3CE}D~M
weak acid Weak base strong conjugate acid  strong conjugate by

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

j e —
NHiag + H2Ofaq =——— NHa4"aq) . OHsq)
Weak base Weak acid strong conjugate acid strong canjugate b

8.4.1 lonization Bquation 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 s
ionization to a small extent, as shown in the model in figure 8.3.

-+ d0 the selhlohigation of water tiwo water molecules produce 2 H,_rdmf:ﬁ
lon and « hydronda on by transter of a protorn. This reaction is sometimes &
called'the ;. ra'sqimatianof water.

* To describe the acid, base properties of water in the Bronsted = 191

framework, you express its autoionization as follows.

H ZG + H 20 # H 30 g + OH'
Acid] Basel : h

Acid2 Basel

%

Define strengthof
| acids and bases,

|
i

Wi

Flgure 8, A : - -
Volrean obsae gure 8.2 Self-lenization of Water

. of
'thE small amo ) Ty ﬁioﬂiiﬂtlﬂn 0 Cf
occurs by noting the small Gl unt to which the self-ionze™="

: T2 it . EEEUSE-Y .ﬂ'ﬂ
use H* (ag) and Hi0*(aq) iterch of its equilibrium constant K« BeS otoh
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Acids, Bases and >alls e

Whenever [H'] = [OH] the aqueous solution is said to be "El.lt|
acidic solution, there is an excess of H* ions and [H*] > [OH. I 5 basic 51:;11111
there is an excess of hydroxide ions, so [H*] < [OH]. In other Words, 3 g 3
which contains H™ ions equal to 107 M, is said to be neutra

A

ions concentration is greater than 107 M, the solution is sajg 0 be sid
whereas, if the concentration is less than 107 M, the solution is basic

T

=== o =

€ s P LR s TR
Briefly explain amphoteric substance with examples.

Give examples of Bronsted-Lowery concept for acids and bases,
What is relative strength of acids and bases?

What are conjugate acid — base pairs? Give their examples.
1= Define ionization constant of water.

1.
2.
3.
3
=3

8.4.2 pH, pOH and pK,,

The concentrations of H* and OH- ions in aqueous solutions are verys
and, therefore, difficult to work with these small numbers like 10 The

chemist Soren Sorensen in 1909, proposed a more practical measut
expressing the concentration of H* and OH- ions in terms of pH. The acidﬁY?{ !
aqueous solution depends on the concentration of hydrogen (hydronium) 1%
This scale of acidity provides a simple, convenient, numerical way to 5"

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"] -

]

: Where [H*] = H* or H;0* ion concentration in moles per dﬁmﬁ
diined as the negative logarithm of the H* or H;0* concentration 1™
anr,

PH = - log[H;0%]

or  pH=-log[H*]
A neutral solution at 25°C has a [H] of 1 x107 M.
PH = —log[H*] (8.5)
PH = - log(1 x 107) |
PH==(-7) =7

Therefore, the PHis 7.0,
pH

pH _{ 700 for an acidic solution

i 7.00 for a Neutral solution
p 7.00 for 3 basic solution

H]>10x 107" M
[H*] = 1.0 x 107 M
[H] <10 x 107 M
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Example 8.3 = .
C [H*] and

alculate the [OH] jons concentration of soiutiun, Whi}h‘:‘
pH of 4.

Solution
pH of solution = 4
[H*) =2, [OH )= ?
Since you have the equation (8.6)

[H*] =10-*#"
Putting the values, you get,
[H*] =104

As you have,

HIOH) =101 o  [oH]=10"]

(H]
Putting the values, you get,
EOH § 10"
807y

OH] = 10144 _ 10-10
Practice Problem 8.1 e

Calculate the p

e

H Of 0,002 M hydro b
Practice Problem g, [ et __,}{H[E{Zrh]grl:: atld{Hi: ) solution.
Find the PH of 0.082 M.NaOH snfu-tiaﬁ. |
8.4.3 Acid Ionization Constant Ka and pi,
Consider g e ‘ L
represented by i Monoprotic aad, HA. Its jonization in W

. S HiO ., & A
The equ:hbnum EXpression fg, this i~::unq;zati+t:rr‘l{‘ii:ri
0] [a]
H.,0 HA (8:9)
K[H 0]~[H O [A]
: (HA] *
ere f, 4
oracidis, k. H:0] = i oo you can write the above 44
k<HOT [A]

(8.10)
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Acids, Bases and Salts

\ Lewis acid-base reactiorT, therefore, is one that involves the donation of
{ lectrons from one sp?cse to another. Such a reaction does not produce
and is not restricted to any particular solvent.

3.8 summary of Three Concepts of Acids and Bases
Concept Definition of acid Definition of base
it H* producer : OH- producer

sronsted — Lowery H* donor H* acceptor
i Electron pair acceptor Electron pair donor

Lewis
f-Assessment ™

—ERSe

===
| { Whatis pKa and pKu?
) What is meant by leveling effect?
'3, What is Ku?
{ What are Lewis acids, explain it with examples
5, What is the significance of Lewis concept? Exp

i How the sum of pK, and pK, is equal to 14.

N —

| WCETY, TECHNOLOGY AND SCIENCE
5 M'"‘ is mixture of different compone
M: otein, fat and water. When you talk 2
' I“““‘F'-"ed with one specific milk prote
Youp Ca""’“ groupings are spread evenly throughout the
I!e..,:@ﬂ“t around in the milk without bonding to anything
5 e o  charge, which makes them repel other group!n
Mﬂmm evenly dispersed in the milk. Casein has a ten

' henand.'mmbi"ad‘ '
lgine itz 'en?‘“"- juice is added, it increase |

g ACid. When milk becomes acidic, the negatV
ey SEPMate, is neutralized. Now instead Of pushing each ot
' h clumps aré formed

" Startg 4o
Mgy 10 clump together. Eventually farge en°49 :
u have curdled milk.

AN can s
l.s il'YSEEthe .ﬁparat'iu.n' and then }\"ﬂ

?
lain it with suitable examples.

ajor components of milk

nts. The m
you are

bout the curdling of milk,

in called casein.
milk. Normally, casein

hing. These graupings
gs of casein and
dency to get

s milk's acidity because lemon
e chargé which keeps
her apart, the
that

Buffer
; pu.r!. solliﬁnns and their'ApP“‘ati““f' ot
en the

ﬁr,,n‘  Water

ety g 125 2 pH value equal t0 7. B0 L it carbo

h‘”&:““ / :, Value of pH for long time: The 1e3s0N 2T the si
g '-lﬂa_'-y;_c'iﬁ;;:‘-ti;and gives it a slight acidic charactef
el -pH.
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w Acids, Bases and Salts - i
Addition of H* =]
Y

[0
———— ] ————
NHOH ——— I l OH ¢

e

NH,CI S———| NH. |+cr

Addition of OH- ——>NH.OH
Applications of Buffers

ll
. The use of buffers js important in some i

ndustrial Processes, whic, mi
be interrupted by large change in PH. Examples are Manufact
leather, Photographic materials and dyes,

i In bacteriological research, culture media are
maintain 3 constant pH

required for the growth
. Studied,

lii. Buffer s important
both plants and animals are ofte
blood is buffered to 5 PH of 7.4
and compley Protein systems.

Protein studjes MUst be performe

Magnitude and king of electrical
depend on the pH,

ure

generally buffereq
of the bacteria be

in biological systems because biological reactions

N Very sensitive tg PH changes. Hu
by means of bicarbonates, phosphath

d in buffered media because t
harge carried by protein molecy

"med whep a bas i
metallic ang acidic r e
Salt are Prepa
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I
KEY POINTS

s Brontsed acid is a species (molecule or ion) which donates or tends to d%
a proton. ; . s

® Brontsed base is a species (molecule or ion) which accepts or tends J
a proton.

" Stronger Brontsed acids are those that lose their protons more easily
t
other acids. |

=4\

Stronger Brontsed bases are those that hold on to protons more stron

than other bases. |

A species formied from an acid by the loss of a

base of that acid and a specie formed from

called the conjugate acid of that base.
‘A'strong acid is one that ionizes

: m A weak acid is one that

proton is called the conjug
a base by gaining a pfﬁtﬂn:
completely in aqueous solution. !
ionizes only to a limited extent in water ]
 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 st
conjugate acid. ]

lonic product of water, Ky is a constant

qQuantity equal to 1 x 10 at 25°C.
Kw=[H')[OH] = | x -4 5

hen a base completely dissociates | -
b y dissociates in : ~ ions. h
solution is referred as alkaline, YaIsiie yie aqpeas Fnd |

Stron
A wefkia::i:r: 21 str0ng electrolytes thay ionize completely in water
ne that ionizes only to a limited extent in water.

ide ion byt : Water molecules produce a hydr?ﬂi@‘?a
of water. Y transfer of a proton, This i Gailad the stoion

€ pOH s defined 5 tﬁH' e is
Moles per g3 . e

Ka, the acig ionj
of an aciq.

=" 1S the acidity, ot
"92tive logarithm of the OH- concent?

COnstant, s the equilibrium constant for the "
Mg

H aq) + X-aqy

Chemistry Grade XI
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Vo= Volume of solut? <100
V.~ Volume of ofsolution

10.2.2. Molarity (M) S : |
The molarity (M) of a solution IS the number of moles of solute per dmt

solution. Number of moles of solute

Volume of solution (dm’)
1dm’ =1000cm’ =1 litre

mass of solutein g

Mol. mass of solute

Molarity (M) =

Number of moles of solute=

Therefore,
massofsolutein g _ 1
Mol.massofsolute volume of solution (dm?) |

Molarity (M) =

For example, one molar solution (1M) of sugar, Ci2H22011, contains 1 mok
or 342 g of sugar per dm? of solution. It is prepared by adding 342 g of sugar
one dm? volumetric flask and then by adding water first to dissolve and ! :
dilute the solution until the level of the liquid reaches the etched mark i Wi
the volume of the solution becomes exactly one dm3, |
10.2.3 Molality (m) :

: Molality is another concentration unit of solution. Molality is defined?

t eI r;‘umber of moles of solute present in 1kg of solvent. In other word

molality of a solution is equal to the number of moles of solute dissoVe”

1000g of solvent. : T |
Molality (m)= Number of moles of solute

Number of kilogram of solvent :

Or

mass of solyte

1 .
mol. %
mass of solyte Kilogram of solvent

PO % = S 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




2
c
3
v
5
1%}
£
=
:
&




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




:
3
]
&
(V]
£
E
£
&




2
c
3
v
5
1%}
£
=
:
&




O

Scanned with CamScanner




Scanned with CamScanner




:
3
]
&
(V]
£
E
£
&




:
;
5
£
=
:
5




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




Scanned with CamScanner




oar & >}

[ 7

K <N
=i

Scanned with CamScanner




rrnochemistr

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




Flectrochemistry

12

Now the final balanced equation is:
3Zn + 8HNO3; — 3Zn(NOs)2+ 2NO+ 4H:0

the Redox Equations by the Half Reaction Method
Iso called the ion electron method. No

dox reactions
ancing

12.1.5- galancing
This method of balancing is a

on numbers are assigned in this method. It applies to re
lace in aqueous medium. The following steps are used for bal

yation by this method.
o two half reactions, one for oxidation and th

ly the oxidizing and reducing agents.
toms on both sides of the two half reactions

| medium H20 and H™ can be added on either side.
ion may be used for greater number of oxygen and

oxidati
taking P

redox €9
. Split the equation int

reduction showing on
Balance number of a
independently. In neutra

In acidic medium the H*
H,O can be added to the other side. :
) to the side deficient in negative

v. Balance the charge by adding electrons (€

charge.
v, Multiply each half rea
electrons lost by the reducing a9

gained by the oxidizing agent. =" :
ing from the multiplications. Cancel anything

Vi, Add the two half reactions result
appearing to both sides in the net equation.
the numbe

Vi, Check the final equation by counting
charge on either side.

e other for

ction by a number ch so that the total number of
f the electrons

r of atoms and the net

I1c

Example 12.4
Balance the fol owing

Medium by ion electron method.
; I +NO, —» [, +NO
) Split the reaction into-tWO half re
reduction.
I — bk
i b) NO, —— NO (de
Balance the number of O
i excess side) and H20 1© ot
’ Z) 21 L ZO L
+ NO + 2 5
i) Balarzc’:?ﬁ;czr::rge‘s‘;—’bom'S'ides‘°f' each half reaction by
k.fto"either side.

xidation and the other for

actions, oné for o

(increase i da |
crease in oxi mber. of N show o
alf reaction by adding oxyg

_atoms on €@ |
her sidé: Also multiply T by
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Unit - 12 Electrochemistry

)2 ——p b+ 2es i
b) NO; + 2H* +2e- —— NO + = -

iv) The total number of electrons lost and gained in the Mo half reactions 3
same. So adding the two half reactions éﬁer canc/elmg the electrons
with the lost, we get a balanced net equation. I

a2l —— 1, +2e”
b) NO, + 2H* +2e- — NO + H,0 ]
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 KMnOa (potassium permanganateﬂ
arestrong oxidizing agents.

1. Potassium dichromate (K,Cr,0,) is a strong oxidizing agent. In presence of

dilute sulphuric acid it acts as 2 strong oxidizing agent and oxidizes a numberﬁof_
compounds. In all these reactions chromium ion is reduced from +6 to +3
oxidation state,
i) It oxidigc‘es iodide _50 iodine =
KaCra07 +6KI + 7H2S0: ——» Cry(SO,); + 4KzS04 +315 + 7H:0
i) It oxidizes ferrouzs salts to ferric salts.
CM 7 17 %3
K2Cr20; +6F9504+7H2504_“~> CI’z(SO4)3+3Fe;_(SO4)3+KzSO4+ 7H:0
2. Potassium permanganate (KMnQ,) is a strong oxidizing agent, In presence
of dilute sulphuric acid it acts as a str

re the
Gaineq

ong oxidizing agent and oxidizes a number
of compounds,
i) KMnO,4 o}xudmes KI |.r'1 the presence of (dil) H22504 to L.
2KMnO4 + 10KI '+ 8H A

308 —— 2 MASOL + 6K,S0, +5 1ot 8H:0
i) KMnOy 97xidizes oxalic aci p S |

din the Presence of sulphuric acid to CO;
2KMnOs +5 (COO)H, '

+3H:504 — > lv'lﬁso., + KzS04 +10C0;z+ 8HC
b) Reactions of Reducing Agents
H:S and SO, are reducing agents.

1. Hydrogen sulphide (H,S)
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) sulphur dioxide (.502) is reducing agent in the acidic mediym
.02 reacts with KIO; and reduces it tq 1,

2KIOs +5502 +4H:0 —— 2SO, 431180, 41,
i, SOz redgges KMQ94 in acidic medium. ; :
" 2KMnOs + 580; + 2H,0 ——, K2SO4 + 2ﬁn§04 + 2H:50s
2 Electrodes, Electrode Potential and Electrochemical Series
An electrolytic cell is composed of two electrodes suspended in an
sectrolytic solution. They are connected to 2 battery. The electrode, by which

= —u-mm'mirmﬂ%?
1
J

dectrons 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 Cathod
o 0ds through which the current enters or
| kaves the electrolyte in a cell. The positive
| Yectrode is called anode and the negative
“ctrode is called cathode in electrolytic
@ll. The electrolytic solution contains ions
Moduced by the spontaneous dissociation
;fthe dissolved electrolyte. The positi;:e .
¢ ' called cations move towards the . »
i *%tive electrode (cathode), whereas, the mdm.
| ™ative ions which are called anions MOVe oy e 12.1 Electrolytic Cell
Wards the positive electrode (anode).
the When the current passes thl’OU.g.h t
“Node. They get discharged by 9ViNg th

s 1 oxidation. On the oth
of Blectrons at anode is called axidatio electrons

T°"° towards the cathode. They gain th;u,s at cathode. The two half-cell
Ity Rlize. their charge. Hence, reduction 5

s follows: ki
'ons takin ' Jectrodes are @ - (oxidation)
ace at the two € + 28
. - (reduction)

At anode 'ZX-: e
At cathode M 1*29*2 > X+ M | ion and it is
Net Reaction 2X~ +M ained by the meta in
' In the aboy ion two electrons o r of electrons are ot
| de.p(’Sited' o reactlorj as the same wmbe n reduction 1s
| Yigy ° On cathode whereas G0 .
A" The net result is that the Lok

he solution, the anions move towards
eir electrons to the el.ectr.ode. The
er hand, the cations tend
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Unit - 12

takes place. At one electrode electrons enter resulting in reduction reaction whife at .

the other they leave the solution and oxidation takes place. A typical example of the
voltaic cellisthatefaDaniell cell.

Daniell Cell:

As you have studied in your ninth grade, this cell has a Zn electrodel
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 wire
while internally they are connected by a salt bridge. The salt bridge contains sy

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 el : i R
e ectrons more readily than Cu giving its electro™

At de at the anode and get oxidized. Electrons flow from the Zn electrod®

ctrode through external circu athod® e
cuit. The Cu* ions, surrounding the cat™
up the electrons and get deposited as neutral ; i g . ewheft |

to the:
ol
p

_~ o cathod
L 2 metal at the copper cat"
uction of Cu™ takes place. The following half reactions occurat the electio®®*
At
anode Zn——y Ti2b e- EOoox= +0.76V
At cathode Cu?*+ 2a __ S Cu E°ed = +0 3V
. m = : ;
Net reaction Zn + cy2+ Zher s e Eoca = 110V
The cell is represented as follows
‘ s Cu® ealIM)/Cy,
‘ s)
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