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PREFACE
1N & histope fant sy,

thee mational curriedum of Paiisian 202003 e
Intraduced  now arg fo schooling in the country, Tis 1 e S -ever core

CHFEERMIM 1 thes 7%y Wistory of Vakistan, it 45 in tine with Vv preAmr et Tt
to sehool educatfon by Article 78.4,

Chemistry might be a Dcult subjecy for someone , bt it holds signficance for
those who embrace a syst

Omatic approach 1o understanding its concepts,

This hew Texthook has been developed as 2 model Textbock for Paidistan. Toe
: A , cal thinking methodologies, guiding scientific reauoning,
and thinking abilities, T he book Incorporates problem-solving strategies, which
will guide students towargd analytical thinking and swills, These skills woudid be
invaluable for both

academic as well as practical tife,
The book also inspires conce

been designed to evaluate ac
analyzing data..

Pt assessment exercises in every unit, wiach have
quired knowledge and promote critical thinkang and

One of the book 's distinctive features is the key points at the end of each unit,
which serve as a quick reference to reinforce the salient features of each umit

Dr. Kamran Jahangir
s Ds
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ANATURE OF CHEMISTRY 2
* "IN SCIENCE

( Student Learning Outcomes (SLOs) - ' w

| After completing this lesson, the student will be able to:
* Define chemistry as the study of matter, its properties, composition, and its interactions with other

matter and energy.

[ *  Explain with exampiles that chemistry has many sub-fields and interdisciplinary fields.

§ 4 W&Wﬁamwmmtuemfwwmhofdkmbw.

2 * Differentiate between science technology and ‘engineering by referring to examples from the physical
i J
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1.1 DEFINITION OF CHEMISTRY AND Ts 'NTERACTION
O:I'HER MATTERAND ENERGY:

/ the science that investigates the materi
Chemisu{h‘:td:::seed I:Saterials undergo. Chemistry deals with
changftﬁes behavior, and changes of matter and energy. Und
Ecr)zgzptls o’f chemistry help to explain natural phenomena and apply
substances, drugs, and technologies.

als of the Universq
the composition,
erstanding tq fun

}
d )
them to the format e

Nl
on Qf new

DO YOU KNOw?

1 -M green chemistry is helpful in understanding and reducing
~ pollution? : :
*Green chemistry is the model of chemical products and
processes that reduce the use of hazardous substances.

1.2: BRANCHES OF CHEMISTRY

Chemistry is a diverse field of study, sufrounding numerous sub-fields and interdisciplinary areg
1. Organic Chemistry

Organic chemistry is the branch of chemistry that deals with substances containing carbon
(except carbonates, bicarbonates, oxides, and carbides).

2.  Inorganic Chemistry

Inorganic chemistry is the branch of chemistry that deals with elements and their
compounds except organic compounds. ‘

3.  Physical Chemistry

Physical chemistry is the branch of chemistry that deals with laws and theories 10
understand the structure and changes of matter.

4.  Analytical Chemistry

Analytical chemistry is the

: X d
branch of chemistry that deals with the methods an
instruments for determining t

he composition and propertiesof matter.

The branch of chemistry

. that deals with physical and chemical changes that occur in living
organisms is called bioch _

emistry,
Environmenta| Chemistry
13 . » : : l
En:ronr'nental chemistry js the branch of chemistry that deals with the study of Chemlcan
;:in::xm substances that pollyte the environment and their adverse effects on huma

CamScanner
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ature of Chemistry in Science W

7. Industrial Chemistry

|
+Industrial chemistry is the branch of ¢
of chemical substances. hemistry that deals with the large-scale production 1

|

I

‘8. Medicinal Chemistry

The branch of chemistry that deals with the study of the interaction between drugs and
biological targets, as well as the development of new medicinal agents.

9. Polymer Chemistry

The branch of chemistry that focuses on the study of polymers, their types, properties,
uses, importance, and types of polymerizations is called polymer chemistry. Examples of

synthetic polymers include nylon bearings, plastic bags, polyethylene cups, palyester,
Teflon coated cook ware, and epoxy glue etc.

10. Geochemistry
Geochemistry is the branch of chemlstry that deals with the study of chemical
- composition, distribution, and transformation of elements and compounds in the Eartis
_crust, such as rocks, minerals, soils, water, and the atmosphere.
11. Nuclear Chemistry ;

The branch of chemistry that deals with the changes that occur in atomic nuclei s cailed
nuclear chemistry.

12. Astrochemistry

y ‘ Astrochemistry is the branch of chemistry that deals with the study of chemical processes
and reactions that occur in astronomical environments, such as stars, planets, comets,

and interstellar space.

1.3 EXAMPLES OF ESSENTIAL QUESTIONS THAT ARE IMPORTANT
FORTHE BRANCHES OF CHEMISTRY

Some essential questions for various branches of chemistry that can help enhance understanding
are as follows:

Physical Chemistry
1. Whatisthestructu
2. Howdodifferent typesof chemical bonds (ionic,

re of an atom, and how does it influence chemical behavior?
covalent, metallic) form and function?

Organic Chemistry

1. Why carbon is considered the backbone of organic compounds?

2. What are the major functional groups ir in organic molecules, and how do they affect

chemical properties?
Inorganic Chemistry

1. What distinguishes ino
2. How does Periodic table helpsto orgamse elements? .

rganic com pounds from organic compounds?

\
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Fryvtiniental Elminiiiey ; s
G Fiow da i agtices cantribte 16 1 pilinton, s what s the LR bty
{hit eRvifonmeitf o _ N Y
Bo What role do gieeihinse gases (ilivy s Einats Charge, s b e we it
ot fof ' " ey
Misidie tnal Chaniatey ’ ‘
Lo How aie diugs destgned and developed fof specific therapeitic gl genos?
Pulymer Chemistiy ’
1, What are polymers, and how do thelr structures affect their properties?
Georhemlstiy
A How do gealogleal processes influence the distribution of elements in the Eactis oz
Mui lear Chemistry
1 How da nuclear reactions differ from chemical reactions, and what are their spglicsteg
2 What 15 the role of radiolsotopes In medicineg and industry?
Astionomy
1, What types of reactions occur in astronomical environments?

These questions can serve as a foundation for exploring the key concepts within each branch of
chemistry, ‘ ;

friet "ff ¥ m‘, Wil 1
i) ’M’m {3

bod: DALY LIFE APPLICATIONS OF CHEMIST

s’

Py

T

Organic Chemistry

Totreat diseases, organic chemists synthesize new medicines
that interact with specific targets like proteins or enzymes.
Inorganic Chemistry

Lithium-fon (Li-fon) batteries are used as rechargeable

batteries for electronics, toys, wireless headphones,

handheld power tools, small and large appliances, electrical ' ! .
storage devices, and electric vehicles,

Analytical Chemistry
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Lwioal SHEIBUY & a PaiL af ol everyday Life. T
_ Rﬂ““*‘ w our vehictes ate bullt on the principle of
: d““‘\\““ﬂﬂ“ﬂ ty.
wmmmmm Chemistry
tem«mm chemistry i used 10 protect water that B
nas DOER panaied by soil, and dust by using different
gethads e, sedimentation, fltration, and

Jnlection.

1.5 SCIENCE TECHNOLOGY' AND 'ENGINEERING

jence 1§ the systematic process of constructing and organizing knowledge about the universe,
m science seeks to understand the natural world, For example, chemists seek to understand

&Y

the Dehaviour and properties of materials, chemical reactions, and the fundamental principles
ﬂwmtml the behaviour of matter, ‘

TechnOlORY |

sechnology s the process of applying sclentific knowledge to practical applications, resulting in
the creation of todls, machines, and systems that enhance our lives,

Science and technology play a major role {n the field of chemistry by providing tools, machines,
techniques and methods which can help in discovery and ,development of new materials . These
also help in improving quality of products . Technology has revolutionized the field of chemistry,
making research and applications more efficient. It has enabled chemists to more effectively
anatyze and identify substances. Their work is beneficial for chemists working in pharmaceutical

Engingering
Engineering is the use of science and mathematics to design and construct systems, structures,
and tools for various processes. Chemical engineers develop and design manufacturing processes

for the production of chemicals , fuels, food, medicines, polymers , detergents, paper etc. They
often work to maximize productivity and product quality.

TECHNOLOGY
The integration of scientific knowledge for
human needs is known as technology. This
integration provides a pathway to the
development of system, techniques, and tools.

(8 CamScanner
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« 6: APPLICATIONS OF SCIENCE,

ENGINEERING

Let's take & look 3t how science, techndlogy and eagineering work together tg yy
real-worid situations. For Xample: | @ Dol
¢ ' : np TUSTING OF Won, '

8

\

1ECHN0LOGY
N

Bl “W;WNWMH rust over time.
"'ﬁ";',m“ ﬁ:‘m the chemical reactions that occur
5"’! wf’y won, water and oxygen that cause rust to form.
Eaperimants couid be conducted o understand the factors that
-4 mmﬁwmmategiestopmmtmt.

principles of photovoltaic cells to |
understand how sunbght c2n be converted into electricity.
Wmmmwmd on the scientific
wmwmm role in designingand
WOEmErTINg large-scale renewable energy systems. For
instamce, an electrical engineer might design the wiring and
mﬁammm,adﬁteﬂgmeercouldbe
ivoived in designing the infrastructure. In this example,
science helps us understand the underlying principles of converting sunlight into electricy -
Technoiogy trarsforms this knowledge into practical applications, such as solar panels&
energy storage systems. Engineering takes these technologies and implements them on ala¥
: Togsther, soence, technology, and engineering contribute to the development# ™
B atiae el 5 , &,

| Exampie 1.3- Onganic Chemistry in Achion

WQWMﬁmmmﬁmﬂmfrypotatoes
comains carboidrates, which are organic molecules.
Scientists study carbohydrates to learn more about how they
uork, 50 food :edn:(ms extract ofl from seeds. Chemical
wdenyaoi production equipment and processes SO
that ofl s produced efficiently and safely for cooking.

-
"
=

Thinks 2boet the science behind plastic bags. Scientists study
z;mm cm they fo &:;; chih g
s orm chains known as

m Creof those loag chains s polyethylene, which fs
s iprar M:QM!M in plastic bags! Engineers
m, ’mmw W” <-seiy o create bags that are

e Semonsts ate how wience, technology, and engineering work together in varic*

#pects of o daily Lives. Yhe #
deviees, or sd"jﬁ gﬁ;ku"“" ft's understanding chemical reactions, using technol;il‘:ﬂ
imterconnected and contrine problems through engineering solutions, these concep

to advancements that Impact the world around us.

j
A . g Ay L
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&+ Chemistryisthe study of matter around us.

. Thebranch of chemistry deats wi i e R
A i g Y th carbon compounds (except bicarbonates, carbomf

«  The branch of chemistry that deals wi :
Cas th th :
organic compounds is called inorganic o:hemistfyewﬂem:s O s exmpt

\ wmdustrial chemistry is conc
2 qubstances, erned with the large-scale production of chemical_

v The bram:dozhchemistry that deals with. the laws and theories to understand the'
structure a anges of matter is called physical chemistry.

»  Scienceisdefined as the study of nature.
+  Technology is the application of science.

REVIEW QUESTIONS
Encircle the correct answer.

i)y  Which branch of chemistry is the study of elements and their compounds except‘

for organic compounds?
(a)  Physical Chemistry " (b) Organic Chemistry
(¢}  Inorganic Chemistry (d)  Geochemistry Chemistry
(1)  Whichbranch of chemistry helps‘ to protect water that has been poisoned by soil?
' {a)  Environmental Chemistry (b)  Organic Chemistry
{¢)  Inorganic Chemistry ~(d)  Geochemistry Chemistry

(i)  Which area of Chemistry improves to gauge the behavior of pollutants and develop
; - techniques for pollution control? . oy |

(a) Analytical Chemistry (b) Organic Chemistry
Y {c) Environmental wr ) Geochemistry ,
~{iv)  Thebranch of chemistry that helps tosynthesize new medicines. .
| {a).  Physical (b)  Organic
{€)  Inorganic (d)  Environmental

(v}  The branch of science helps to understand chemical products and processes that’;
‘ reduce the use of hazardous substances: ‘

(a)  Analytical Chemistry (b}  Physical chemistry
. (c) = GreenChemistry (d)  astrochemistry

{vi) ‘To identify the concentratvon of a particular solution through titration is and
?frixammm e "~ (b)  Analytical Chemistry

(d)  Organic chemistry

(<) Geochemistry
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(vi) The batteries in our vehicles are built on the principle of i ,
application of: roche"“Stry. Ity
@) Astrochemistry (b)  Analytica( "
) ‘Organicchemistry ' () Physicalche ":mistry

(viii) The branch of chemistry that is concerned with the (arge_Scalest
chemical substances is: W ety
()  Industrial chemistry (b)  Physical ch emisty
() Inorganic chemistry (d)  Environmenta Chenyy

(ix)  The branch of chemistry that focuses on the study of polymers, t,,
properties, uses is called: » their g
(a)  Industrial Chemistry (b)  Polymer chemistry
(c)  Organic Chemistry (d)  astrochemistry

(x)  The study of the interaction between drugs and biological targets, as we|( e
development of new medicinal agents. ‘

(@)  Organicchemistry (b)  Medicinal chemistry
(c)  Inorganic chemistry (d)  Environmental Chemistry

2 Give short answer.
(i) Differentiate between science and technology.
(i)  Differentiate between geochemistry and astrochemistry.
(iii)  With the help of an example correlated the use of science, technology, ai
engineering.
(iv)  Howdoes forensic chemistry help us.
v What are the uses of nuclear chemistry?

PROJECT ¢ ; . h
1 Draw figure of a tree showing different branches of chemistry.

2. ' Composting is a great way to recycle materials that might be thrown into
landfill. It takes years to decompose them. Make an indoor composter and

determine how readily different materials decompose. ’

/\-//'\-/%
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il £ arning Qutcor
After completing this lesson, the student will be able to:
Define matter as a substance having mass and occupying space.
State the distinguishing macroscopic properties of commonly observed states of solids, liquids, and

gases in particular density, compressibility and fluidity.

Identify that state is a distinct form of matter (examples could include familiarity with plasma,
intermediate states and exotic states e.g. BEC or liquid crystals).

Explain the allotropic forms of solids (some examples may include diamond, graphite, and fullerenes).

Explain the differences between elements, compounds, and mixtures.

Identify solutions, colloids and suspensions as mixtures and give an example of each.
Explain the effect of temperature on solubility and formation of unsaturated and saturated solutions.

M__W
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entire world made Up of mattef

tion of matter’ ‘
“ﬂ”wmm is calied matter, This maves ar ‘
Anytmnwmwmwmd“ﬂ"‘“"’"' 4 —

pie mdmmmmttmdﬂnnamkm»m
mnpeov‘! ‘ dwm,mnansmummundanmy,“hh
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waythatu\eamu\atnakedmmﬂm-

2.1 STATES OF MATTER | i
A state of matter refers to the distinct physical forms that matier can p- » ﬂ’ii!n:&m,
different physical properties like shape, volume, and the arrangement partmh €
commonly known states of matter are solid, liquid, gas, and Ph’m- However, There 2%
more exotic or intermediate states that arise under specific conditions. |

" solid: A solid has a definite shape and volume. particles are tightly packed m 2

arrangement. For example, Ice, diamond, gray fight , metalsetc. | &

2. Limnd:AliqmdhasadeﬁnﬁevoumwMtakesﬂemapeofismmﬂm
together but can move past one another. For example, water, oils, milk, honey £

3. Gu:Agahnneiﬂmammmm.mmfxwmmm»
For example, Oxygen gas (0z), hydrogen (H,), nitrogen(,) €1c. :

4. M‘:Ahwybﬂizedgasﬁwremaresepxamdfmmmmnﬁﬂm
energy environments. Plasmas are electrically conductive. For example, the &
lightning, welding arc, solar, wind etc.

Exotic or Intermediate States:

1. Bose-Einstein Condensate (BEC): A state of matter that occurs 3t near absoluts =7
temperatures, where particles occupy the same quantum state, acting as 3 ingle guatt”
entity. For example, BEC of rubidium atoms at extremely low temperatures (-272.14C0
Liquid Crystals: Intermediate states bet liguids and selids, wheve —

a liquid but retain some ordered structure, commonly used in display technology -
example, Liquid crystal displays (LCDs ).

.

1.
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Fig 2.1 States of Mattes - %

common EXampLes ”mmpmpemesdmuermwedasﬁy,ﬂuimty,mibﬂity.

Table 2.1: Properties of different states of matt

mywmboﬂedwaterwasmw

- States of matter
_ [Py e 1 e s — ;
Density nctmalcondmmdue normal condition ' normal condition
: large spaces 1 *
W A Very compressible Moderately 5 Not compressible
: beczuse of large - compressible |
empty Spaces * {
o A ..,..,_._-..—-—.-—wd——»-—f‘--—"' i ‘ %
Fluidity Can flow Canﬂow | Can not flow
| s W RIS SR SRR ) -——-'-“M : w
4 , gmtdoyouobseﬂewhenthewaterheatsw?&bbles

.Thisteususaveryimportantfactabmnme_statesof

m % ;
and the water tums mmgt‘f;aa,e distinct and are easily distinguishable from the other,
one state of matter into the other. Physical

te the physical aspects of
composition of matter stays the same.

matter such as the
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2.2 ELEMENTS, COMPOUNDS AND MIXTURES !

Matter can be described with both physical properties and chemical properties, Apyre " :
consists of single type of part jcle with a fixed composition and distinct chemical Propertie tan,
Matter is classified into elements, compounds and mixtures: '

1, Element:

An element s a pure substance made up of only one type of atom. It cannot be broke o
into simpler substances by chemical means. Elements contain only one type of atom,

For examples, Oxygen (01), Gold (Au), Carbon (C), ;
2. Compound: !
A compound is a pure substance made up of two or more elements chemically combineg o |
fixed ratio, Compounds have different properties from the elements that make them ang zy |
only be separated into their elements through chemical reactions. Compounds consist oy
or more elements chemically bonded in fixed proportions. |
For examples, Water (H:0), Carbon dioxide (CO:), Sodium chloride (NaCl). ,
3. Mixture:

Acombination of two or more substances (elements or compounds) that are physically mixed |
together but not chemically combined is called as a mixture. Mixtures can be separated into !
their components by physical means, and they do not have a fixed ratio. Mixtures consist of |

|

multiple substances that retain their individual properties and can be separated by physical j
processes "

|

Examples: Air (a mixture of nitrogen, oxygen, carbon dioxide), Saltwater (a mixture of salt }
and water), Sand and iron filings. !

2.3 ALLOTROPES

The property of an element to exist in different physical forms is called allotropy. These different
forms in the same physical state are called allotropes. Atoms of the same element arranged in

different manners in the same physical state in allotropes. They are different structural forms of
the same element. For example,

Diamond, graphite and buckyballs are three important allotropes of carbon.
Graphite:

Graphite is composed of flat two dimensional layers of hexagonally arranstjd carbon atomsl;ol: da
layer, each C-atom is covalently bonded to three other Carbon atoms. Wweak mtermc»leq:ul;ri E :
exist between each layer which allows the layers to slide over one another without bre:“d ng .
bonds. This arrangement makes graphite soft and slippery, making it ideal to be g
lubricant. Graphite is a good conductor of electricity.

Diamond:

Diamond is the hardest and the purest crystalline allotrope of carbon- In its str:ct;urei e:z: rCa-l
atom is covalently bonded to four other carbon atoms forming 2 rigid network of te _rawith :
shape. This tetrahedral, three-dimensional arrangement makes it the hardest substance
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puckyballs (C-60): |
pwenty m“‘” :,“ s, have a footnal: Like $ued otiom reg Sracure Tade i of |
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2-4 So!ution

A solution is 3 homogeneous mixture of two o
Gssolved in the othér. Homogeneous means
mmbem.mmmwm the sotution looks exactly the

WJWN&MBW:MM:M&MR&
Sssolved is called a solvent. hm.mmﬂammmm&mmm
%Aﬁm;ammmmmmmmmmm

sobvent itself.
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Solven Solute Solution
Fig. 2.3: Formation of Solution L s

- D T SRR J
In salt solution, salt is the solute and water is solvent. More than one solute may be pr
solution. For example, in soft drinks, water is a sotvent while other substances like s:;:n 'y
and CO, are solutes. Consider the example of air where Nitrogen gas is solvent and oxygen cr»asa.
dioxide and trace gases are solute. On the basis of physical states of solvent and solute’ ca;bm
categorized as solid, liquid and gaseous solutions. Generally, solutions are found in three phy“-s
states depending upon the physical state of the solvent, e.g., air is a gaseous, sea water isalig
solution and alloy is a solid sotution in real life.

Gaseous Solutions

In Gaseous Solutions solvent is a gas and solute can be a gas or liquid or solid. For example;
mixture of nitrogen and hydrogen used in Haber's process (ammonia formation) and other s
mixture of ammonia and carbon dioxide used for urea preparation. Fog, clouds and mist ae
examples of solutions where liquid water (solute) is dissolved in air (solvent). Smoke is a solutio
of carbon particle in gaseous air in our daily life.

Liquid Solutions

Carbonated drinks are solutions where solvent is liquid water a
dioxide. Rectified spirit produced by fermentation of sugar cane, Vi ;
are examples of solutions where liquid dissolved in liquid. Brine and sugar syrup are solutio

solid salt and sugar in water respectively.

Solid Solutions
Hydrogen gas on the nickel metal surface is used in ghee industry where hydrogen gas is solute and
nickel catalyst is solvent. Solution of any metal (solid) in liquid mercury is called amalgam. Al
industry is very common these days. Alloys are formed by mixing different metal (Brass, Bron®
steel).

2.4.1 Aqueous Solution
Aqueous solution is formed by dissolving a substance in water. The dissolved substances in a
aqueous solution may be solids, gases, or other liquids. In order to be a true solution, 2 mixture
must be stable. For example, sugar in water and table salt in water. Water is called a universd
solvent because it dissolves majority of compounds present in earth's crust. Aqueous solutionsar
mostly used in the laboratories. '

nd solute is gaseous carbo

negar (acetic acid in water),
nsof |

,—/

£

P
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oepe“dmg on amount of solute solution can be classified as:

Solution

saturated Solution Unsaturated Solution  Supersaturated solution

2.4.2 Saturated Solution

A TO:PUO" containing maximum amount of solyte at a given temperature is called saturated

When a small amount of solute at given tem
easily in the solvent. If th
dissolve any more solute.

g Perature is added in a solvent, solute dissolves very
e addl.tton of solute is kept on, a stage is reached when solvent cannot
At this stage, further added solute remains undissolved and it settles
down at the bottom of the container, On the particle level, a saturated solution is the one, in
which undissolved solute is in equilibrium with dissolved solute. At this stage, dynamic

equilibrium is established. Although dissolution and crystallization continue at a given
temperature, but the net amount of dissolved solute remains constant.

2.4.3 Unsaturated Solution

A solution which contains lesser amount of solute than that which is required to saturate it at a

given temperature, is called unsaturated solution. Such solutions have the capacity to dissolve
more solute to become a saturated solution.

2.4.5 Sup‘ersaturated Solution

When saturated solutions are heated, they develop further capacity to dissolve more solute. Such
solutions contain greater amount of solute than is required to form a saturated solution and they
become more concentrated. The solution that is more concentrated than a saturated solution is
known as supersaturated solution. Supersaturated solutions are not stable. Therefore, an easy
way to get a supersaturated solution is to prepare a saturated solution at high temperature. It is
then cooled to a temperature where excess solute crystallizes out and leaves behind a saturated
solution, .

e b R A CHUEy 1.1

Take 100g water in a beaker. Add a tea spoon of sugar in it. Stirr it. The sugar will

dissolve,Repeat the process and the and added sugar will again dissolve in it. A solution

which can dissolve more of the solute at a given temperature is called an unsaturated

Solution, '

Go on adding sugar in the above solution till it starts settling down at the bottom of the
aker at 3 particular temperature. The solution which cannot dissolve more solute ata

Particular temperature is called a saturated solution,
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it, add more sugar and it will dissoly
heat the solution, stir €. Goon
m (i It Astage will reach when o mors SUgar will dissolve and wil

add e
bottom of the beaker, This solution is called supersaturated Wt:nt S:t“"\! h:“
tho:mm more of the solute than fs contained in the saturated 4 ,mh, ‘:
g

supersaturated solution, How to know Wther a solution is saturated or syper.

wpersawrated solution is not stable in the e(;)re.fwmce Of Crysta.ls of solute, i g,
crystal of sodium thiosulphate to its saturated solution, it yviu simply drop to he ho::. 1
without dissolving. But if you add a crystal of Sodfum.thlosulphate (0 2 Supereay, ™
solution of sodium thiosulphate (figure 2.4), crystallization will start. When m’"’«

has finished, you will have a saturated solution in the presence of sodium thioq:,:‘

crystals.

- A
S s o | § ol Y

S

2.4.6 Concentrated and Dilute Solution

The solutions are classified as dilute or concentrated on the basis of relative amount d wf
present in them. Dilute solutions are those which contain relatively small amount of dissov®
solute in the solution.

Concentrated solutions are those which contain relatively large amount of dissolved solute nt*
solution. For example, brine is a concentrated solution of common salt in water. Thf?se ";
describe the concentration of the solution. Addition of more solvent will dilute the solutio?
its concentration decreases.

2.4.7 Solublility

13
Solubility is the maximum amount of solute which dissolves in a specified amount of solvent &

specific temperature. The solubility of a substance depends on the solvent used, as well #
temperature and pressure, as shown in table 2.2.

2.4.8 Effect of Temperature on Solubility

The solubllity of solutes depends on temperature. Depending on the nature of solute there”
either:

a)

Increase in solubility with temperature e.g., KCl, NH.Cl
b)

Decrease in solubility with temperature e.g., Na,SO, Ca(OH),
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r"'ﬁ,;e 2.2: Solubility of some salts (g/100g) of solvent at m-m Tm&
‘Solubility ORIV lity
(Amoum of solute in 1oo gof (Amount of M‘lﬂ !
 water (solvent) at 20°C m (solvent) at "
T TR
34.7g g
37.5g s | BN
0.173g R 1 6566 : .; J

An example of a solute since whose decreases in solubility with increasing temperatur el
calcium hydI‘Odee, which can be used to treat chemical burns and as an antacid.

B .

Solubility Curves

Grams of solute / 100 gH,0
28888388 8=s

e
o

(=]
s

3
-

e

. e
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2.5 COLLOIDS & SUSPENSIONS

Colloid . .
These are heterogeneous mixtures in which the solute particles are arger than tho

the true solutions but not large enough to be seen by naked eye. A colloid js i
particles ranging between 1 and 1000 nanometers in diameter, yet are sti|| able tg re
distributed throughout the solution. These are also known as colloidal dispersiong " )
substances remain dispersed and do not settle to the bott.om of the container. The pa Uiy,
such system dissolve and do not settler down for a long time. But particles of collgigs ,
enough to scatter the beam of light. It i called Tyndall effect. We can see the path o k:t"b,
light beam inside the colloidal solution. Tyndall effect is the main characten's"c ¥
distinguishes colloids from solutions. Hence, these solutions are called false solutiong °fcol%
solutions. Examples are starch, albumin, soap solutions, blood, milk, ink, jelly and toothp::

etc.

Suspension

A suspension is defined as a heterogeneous mixture in which the solid particles are
throughout the liquid without dissolving in it. It is mixture of undissolved particles in A gie
medium. Particles are big enough (greater than 1000 nm) to be seen with naked eyes. Exany,
are chalk in water (milky suspension), paints and milk of magnesia (suspension of magnesia
oxide in water). For better understanding of true solutions, false solution and suspension,
comparison of their characteristics is given in table 2.3-

Table 2.3: A Comparison of Solution, Colloid and Suspension

‘SN0 Solution ~ Colloid } “Suspension
! 1 | A homogeneous mixture | A heterogeneous mixture | A heterogeneous
i . of two or more of two or more mixture of two or more |
f | components - components components -i
|2 - Particle size is less than | Particle size vary from Particle size greater |
i ' 1nm. Not visi ,, p isible b
| | nam:led t visible by 1-10° nm Visible by than 10° nm. Visible by
| | ey ' naked eye ‘ naked eye,
3 - Particles can pass Particles can pass throuéﬁ Particles cannot pass
| through normal as well | normal filter paper but | through normal as well
as ultra-filter paper not through ultra-filter | as ultra-filter paper
4 Cannot Scatter the light | Can Scatter the tight | Can Scatier the ligh
» ( due to small size) (Tyndall effect) - (Tyndall effect)
| 5 O v { ————— -———
Does not separate - Does not separate ’ Separate or settles
| - down when stationaly
et 1 |
L"“Lﬁ:aie‘fw“ Mk | Muddy water

R .. B

p—
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Anything that has mass and occupies space is called matter.

Plasma is an electrically charged gas, which is affected by electrical and magnetic fields.
The property of an element to exist in different physical forms is called allotropy.
Element: the simplest form of matter made up the same type of atoms

Compound: Asubstance formed when two or more different atoms chemically combine.
Ahomogeneous mixture of two or more components is called solution.

Aqueous solution is formed by dissolving a substance in water.

A solution containing maximum amount of solute at a given temperature is called
saturated solution.

Asolution which contains lesser amount of solute than that which is required to saturate
it at a given temperature, is called unsaturated solution.

A colloid is a mixture that has particles ranging between 1 and 1000 nanometers in
diameter.

A suspension is defined as a heterogeneous mixture in which the solid particles are
spread throughout the liquid without dissolving in it. 3

N

" References for additional information
« Matter and its properties: Joseph Midthun, Paul Kobasa
« Cambridge IGSE™ Chemistry 5th Edition
« Cambridge International AS & A Level Chemistry (9701)

REVIEW QUESTIONS

Encircle the correct answer.
(i) Anything that has mass and occupies space is called:

(a) Liquid (b) Gas
(c) solid (d) Matter
(ii)  Following are states of matter: _
(@) Gas (b)  Liquid
(c) Solid (d)  All of these
i) Macroscopic properties are properties that can be visualized by :
(@)  the naked eye (b)  microscope
(c) electron microscope (d) telescope

" *mo— .
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Unit 2: Matter

(iv)  Mattercan be described by both its:
(a) physical properties and chemical properties,

(b)  physical properties (c)  chemical Properties.
(v)  Asubstance formed when two or more different elements Combine ¢ |
: (a) atom (b) compound gmicﬂlly: |
) Samon: (d)  solution
2. Give short answer.

(i) Can you write the formula of the carbon dioxide gas that we exhale?

(ii) Define the element, compound, mixture.

(i)  Differentiate between compound and mixture.

(iv)  Differentiate between concentrated and dilute solution.

Define the term allotrope. Explain the allotropes of carbon. '

What is the difference between homogeneous and heterogeneous solution?
Differentiate between the colloids, suspension and solution. |
If there are 18 protons in the argon atom, then what is the atomic number of argmé
Describe states of matter with examples.

Differentiate between the following:

a. Colloids and Suspensions

b. Elements and Compounds

C. Concentrated and Dilute solutions

© N o Uoaw

9. Examine the concept of solubility.

_ THINKTANK

10.  Why s asolution considered mixture?
11.  How will you test weather given solution is a colloid or a solution?

g' PROJECT ¢~ \

Create a poster that illustrates the various form of matter in the students
everyday environment.

(8 CamScanner
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C STRUCTURE |

After completing this lesson, the student will be able to: |
* Explain the structure of the atom as the central nucleus containing neutrons and protons surrounded by |

electronsin shells.
* State that, orbits(shells) are energy le
greater average distance from nucleus. . )
e State the electrons are quantum particles with probabilistic paths whose exact paths and location

cannot be mapped (with reference to uncertainty principle) |
* Explain that nucleus is made up of protons_and neutrons held together by strong nuclear force.

* Explain that an atomic modelis anaidto understand the structure of an atom.
s State the relative charge and relative masses of a subatomic particles (an electron, proton, and

vels of electrons and a larger shell implies higher energy and

neutron). : i - &
® Interpret the relationship betweena subatomic particle, their mass, and charge.

e
-

o4 i)
(Y m’ 2 4
Feci. i
R

i
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path that P“iiwy and negatively charged particles would take %N M‘N
th
o [Illustrate the

Q
~ctric feld. ,_
uniform electric fie atomic number as the number of protons in the nucleus of an aggy,

+ Define proton ber is unique to each element and use to arrange elements jn ey, ”

o Explainthatthe pfow" can change the proton number and alter an atom 's identity, tatyy

o Statethat rndioactwltyl atomic mass as sum of protons and neutrons in the nucleus of ap, atom,

o Define nucleon mlﬂ'bef ent atoms of the same element that have same number of protons - o

o Define isotopes " e
mtm' *

but not chemical properties of an atom.
te that isotopes can affect molecular mass » -
v B i+ the number of protons and neutrons of different isotopes.
» Determ"::‘ o dtomic mass as the average mass of isotopes of an element compared to1/124, of
o Define relativ |
mass of carbon-12
i can exhibit radioactivity.
Sfa'-f m:r:si::z;sance of isotopes using carbon dating and medical imaging as examples.
m the formation of positive(cation) and negative(anion) ions from atoms.
d ions.

Interpret and use the symbols for atoms an |
Calcnirate the relative atomic mass from relative masses and abundance of isotopes.
Calculate the relative mass of an isotope given relative atomic mass and abundance, of all Stabie |
isotopes.

_
INTRODUCTION

This chapter presents the historical development of atomic theory to the modern atomic moce.
One of the basic concepts of atomic structure is atomic number and mass number, which define

element and its isotopes. Understanding the structure of atoms is essential to understand man
scientific phenomena.

3.1 ATOMIC MODELS

The concept of the atomiF model evolved over time as our understanding of atomic structurt

z‘eodep:l”edfﬁ:;mht expt;nmental observations and theoretical advances, Several importaft
5 Ol the atom had been proposed throughout histo ibuting to the

understanding of atomic behayioyr g ry, each contributing

and properties. The most important atomic models are:
Dalton's model

In 1803, the Briti

of matter.e'l?hri‘st ‘::ec:feymiissz?lhe:ioglmn Lot theory on the existence and nati"
follows: alton’s atomic theory. Main Postulates of his theory are &
1.
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MR La ANV ITTTIS .)\;

A,
ULLug e

he main stimulus for the rapid Progress of th
eries of experiments that were perf
Zemonstrated that atom is divisible

& chemistry during nineteenth century. However,
ormed in 1850's and beginning of twentieth century clearly
and consists of subatomic particles, electrons, protons and

Nt in order to know the arrangement of electrons and
protons in atoms. \

rutherford’s Experiment

rutherford bombarded a very thin gold fo;
cm thickness with a-particles, (fig. 3.1
particles obtained from the disintegratio
a-particles are helium nuclei that are
charged (He™). Most of these particles
through the foil. Only few particles
deflected. Around one in 1 million was de

| about 0.00004
). He used a-
n of polonium.
oubly positively
Passed straight
were slightly

LS
flected through _

an angle greater than 90° from their straight paths. e

Rutherford performed a series of experiments using thin | .t lomd

foils of other elements. He observed si

milar results from
these experiments.

Fig. 3.1 A three-dimensinal view of an

apparatus clearly showing scattering
Rutherford made the f ollowing conclusions | of alpha particles by gold |

1. Since majority of the a-particles passed through the foil undeflected, most of the space
occupied by anatom must be empty. :

2. The deflection of a few a-particles through angles greater than 90° shows that these
particles are deflected by electrostatic repulsion between the positively charged a-
particles and the positively charged part of atom.

3. Massive a-particles are not deflected by electrons.

On the basis of conclusions drawn from these experiments, Rutherford proposed a new
| model for an atom. He proposed a planetary model (similar to the solar system) for an atom. An
atom is a neutral particle. The mass of an atom is concentrated in a very small dense positively
charged region. He named this region as nucleus. The electrons are revolving around the nucleus
incircles. These circles are called orbits. The centrifugal force due to the revolution of electrons
balances the electrostatic force of attraction between the nucleus and the electrons.

Defects in Rutherford's Atomic Model

Rutherford's model of an atom resembles our solar system. It has following defects:

1. Classical physics suggests that electron being charged particle will emit energy

continuously while revolving around the nucleus. Thus, the orbit of the revolving electron
becomes smaller and smaller until it would fall into the nucleus. This would collapse the

atomic structure.

i If revolving electron emits energy continuously it should form a continuous spectrum.

Bohr's Atomic Theory

1913 Neil Bohr, proposed a model for an atom that was consistent with Rutherford's model.

\
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w—'—' s - &
However it also explains the observed line spectrum of the h .

ydrogen at >‘
Bohr's atomic theory aré as follows: o, Main poStulate

1. The electron in an atom revolves a.round the nucleus in one of the ¢
orbit has a fixed energy. 50 eachorbit is also called energy level, cular Orbiy,
L. The energy of the electroninan orbit is proportional to its distance from th
farther the electron is from the nucleus, the more energy it has. ¢ "UCIeus‘.‘
3. The electron revolves only in tholsze orbits for which the angular Moment,;
; : i : ‘ um
electron is an integral multiple of =~ where /2 is Plank's constant (its value 6"6‘20f|
1.s). b
4, Light is absorbed when an electron jumps to a higher energy orbit and emitteq
electron falls into a lower energy orbit. Electron present in a particular orbit 4 e,
radiate energy. Ogs)
5. The energy of the light emitted is exactly equal to the difference between the energi
the orbits. es¢
AE=E,-E,
Where AE is the energy difference between any two orbits with energies E, and E,
n=7
n=6
n=5
n=4
n=3

13
im

|

+)

When electron /_’ . When electron

falls from higher jumps from lower
to lower energy to higher energy
orbit, atom orbit , atom

emits energy absorbs energy

Fig. 3.2: Bohr's model of the atom

T T

; Brhr model does not depict the three dimensional aspect of an atom.

Quantum Mechanical Model

This is the current model used by modern science to describe the structure of the atom_~
incorporates the principles of quantum mechanics and treats electrons as wave-particle e"“:ﬂe
Instead of exact orbits, it defines probability regions, called érbitalS, where electrons aré like
to be found.

The Heisenberg Uncertainty Principle

Heisenberg uncertainty principle is one of the fundamental concepts of quantum mechanics 4
is named after the German physicist Werner Heisenberg, who formulated it in 1927.

This principle states that it is impossible to simultaneously determine the exact loca
future trajectory of an electron. As a result, plotting the electron orbit around the N

tion &
uclé!
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pecomes anirresistible challenge.

jmagine that you have a single hydrogen atom and
single electron at a given moment. Short|

you decide to observe the position of that

: . Y after you repeated this process, the electron moved to
another position. This means that from the origi

In hydrogen, the electron has the Potential to exist
the nucleus. 95% (or whatever YOU want) of the tj

region of space close to the nucleus, calleqd an orbi
electron lives.

Louis de Broglie,_a French physicist, in 1924 Proposed duel nature of electrons. He suggested that

hibit both particle-like and wave-like behaviour. His
€w possibilities in understanding behaviour of sub-atomic particles.
cant contribution to the development of quantum mechanics.

In 1927, Davisson ar‘Id Germer, experimently confirmed the de Broglie hypothesis that electron
has wave like behaviour. This discovery laid the foundation for the Modern Quantum Mechanics.

Understanding Atomic Models ,

An atomic model is a tool for understanding the structure and behavior of atoms and their -
interactions in chemical reactions. Any atomic model helps us understand the structure of an
atom. An atomic model is not a physical model, but represents a conceptual imagination. This
helps to explain experimental observations of atomic behavior. The atomic model gives us a

simplified representation of complex reality. As research and technology progress, scientists
continue to improve our knowledge and atomic models.

Asimple view of the structure of an atom

The nucleus of an atom is in the center. It contains protons and neutrons. Protons and neutrons
are collectively called nucleons. The nucleus is surrounded by electrons in shells. Protons and

neutrons are massive particles. The mass of electrons is so small. So, in practice, the mass of an
atomis concentrated in the nucleus.

Nuclear Force

This concept made a signifi

The nucleus contains protons and neutrons. Protons are positively charged and neutrons are
neutral. The nucleus has no negative charge. The positively charged protons must cancel each
other out and the nucleus must break apart. But atoms are stable and have existed for billions of
years, Therefore, there must be some kind of attraction that connects them. No electrostatic or
Magnetic forces occur within the core. This is because these forces involve both attraction and
"€pulsion, Therefore, the force that binds protons and neutrons together is a strong force. This
Orce is called strong nuclear force. This is defined as the strong attractive force that binds
Protons and Neutrons together. This force is stronger than electrostatic or magnetic forces. This
°'C§ Exists between neutrons and neutrons, protons and protons, and neutrons and protons.
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3.2 SUBATOMIC PARTICLES

( rticles that make up atom
i i the fundamental pa 4 t
Subatomic partlcles are |

hreQ
subatomic particles are:
Proton

lative charge: +1 | .
o ﬁe[at' mass: Approximately 1 atomic mass unit (amu) or 1.6726 x 19 g
. elative 1
Neutron

' . ) |
Relative charge: 0 (neutra | |

. Relative mass: Approximately 1 atomic mass unit (amu) or 1.6749 x 107 kg
. ‘ .
Electron
. Relative charge: -1

-3,
° Relative mass: Approximately 1/1836 amuor9.11 x 10° kg

Protons and neutrons are found in the nucleus of an atom, whereas, el.estrons orbit aFOIdet};
nucleus in energy levels or shells. They play crucial roles in determining Fhe properties
behaviour of atoms and molecules. Neutrons and protons are held together in the nucleus by,

strong nuclear force. This force exists between neutron-neutron, proton-proton, and neutry
proton.

. . bt me
Relationships between subatomic particles

i i - -

i ibute
Protons and neutrons have roughly the same mass, around 1 amu. This mass contrib

. : z 0
significantly to the total mass of the atom. Electrons have much less mass, so their contributiont
the total mass of an atom is usually negligible.

i in the
The interaction between the negatively charged electrons and positively charged protonsin
nucleus is what holds the atoms together.

The beohaviorof nr A . Inctrice ficld
~ CYrr g
] s ~tAarne [ T .,n,.l_,\lh,.s.,.,.:n, mar ala tri i1
. The be! avior ¢i p: widlie, NCUIrens angdelect-on < ol gt E1eCLrIC 1
v

What happens when a beam of these particles passes between two elect

rically charged plates’
T
fig 3.3 ' :
* - Protons are positively charged and are ’ ) )
deflected on a curved Path toward the : =
negative plate,

Electrons are negatively charged and are
deflected on 3 Curved

path toward the | :
positive plate.
*  Neutrons have no charge, go straight ahead. ’ + 4 d
. Thee is defieced
. If the electrons and

Protons are traveling at ware thanbe "
the same speed, th

o mch bt
e electrons being lighter m——
are deflected far

heavier Protons.

' : harged
more strongl| than the |  Fig. 3.3: Path of positively, negatively ¢ o
i particles and neutral particles through the unifor .
' electrig field —

i

—
- I
CamScanner
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ms are electrically neutral because the number of protons (positively charged) in the nucleus

ual to the number of electrons (negatively charged) in the electron cloud. The charges
h other so there is no net charge on the atoms.

Ato
is eq
ba[ance eac
Radioisotopes

pifferent isotopes of the same element have the same number of protons in their atomic nuclei
but differing numbers- of fleuf:rons. Some isotopes of an element are unstable and show
radioactive decay. Radioactive isotopes of an element can be defined as atoms that contain an

unstable combination of neutrons and protons, or excess energy in their nucleus. For example,
nydrogen-B(protium), carbon-14, uranium-238 etc. .

3.3 PROTON OR ATOMIC NUMBER

what determines the identity of an element?

proton number refers to the number of protons in the nucleus of an atom. It is also known as the
atomic number and is indicated by the symbol "Z". ]

protons have a positive electrical charge. In neutral

atoms, the number of protons is equal to the number

of electrons. This balances the positive charge of the
protons. This means that the proton number also

indicates the number of electrons in the atom. For
example, there is only one proton in the nucleus of a | [1-atom He-atom C-atom
H atom; therefore its atomic number is 1. All the

atoms of a given element have the same number of protons and therefore the same atomic
number.

Doyou think atomic number of He is 2? What is the proton number of C-atom?

Uniqueness of proton number

Each element has a unique proton number that distinguishes it from other elements. It
determines the various properties of an element and its position in the periodic table. In the
periodic table, elements are arranged based on their atomic or proton number. Therefore, the
number of protons is related to the position of the element in the periodic table. Thus, the
number of protons determines each particular element. This will tell you what element you are
talking about.

For example, if an atom has a proton number of 6, it must be carbon. If an atom has 11 protons, it
Must be sodium. Similarly, each nitrogen atom has 7 protons, each oxygen atom has 8 protons,
®1¢. You can identify each atom by the number of protons.

Nucleon number or Atomic mass

The total number of protons and neutrons in an atom is known as its mass number or nucleon
Number,

Some atoms of an element have different number of neutrons, such atoms are called isotopes.

0, .
% neutrong = mass number — atomic number

A L

(8 CamScanner
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Example 3,1: Determ

Atomic number of an element is17 and ma
in the nucleus of an atom of this element?

Problem Solving Strategy:
Number of protons are equal to atomic number and
Number of neutrons = mass number - atomic number

ss number is 35. How many protons ang
Neuty
oy

Solution:
Number of protons = atomic number= 17
Number of neutrons = mass number - atomic number
= 35-17=18

Radioactivity

The proton number determines the identity of the element. In stable elements, the nucley,
_ js balanced. In some elements, the nuclear forces are not naturally balanced. The nuclemf

these atoms decays and becomes another atom. This process is called radioactive decayandg,
phenomenon is called radioactivity. This process continues until the forces in the nuclearcofe;
balanced. In radioactive decay, when an atom emits a neutron, it changes to another isotope._;
that atom. But when it emits a proton, it becomes another atom. This means that radioactiv;

can change the number of protons in an atom and thus change the identity of the atom.f
example;

1. Carbon-14 is a radioactive isotope of carbon. It is naturally present in the atmosphet
When any living organism takes in carbon dioxide from the air, it incorporates both (
and C-12 atoms into its tissues. The radioactive C-14 undergoes radioactive decs
transforms into nitrogen-14.

2, Uranium-238 is a radioactive isotope of uranium. It decays over time and find!

transforms into stable lead-206 atom.

3.4 RELATIVE ATOMIC MASS AND ATOMIC MASS UNIT

An atom is: extremely small particle, therefore, we cannot determine the mass of a single atot
HoweYer, it is poss‘ible to determine the mass of one atom of an element relative t ano
i;ptfxr;?iinct:;:lﬁ;:;i;a:sbi doge by assﬁgning a Yalue to the mass of one atom of a given elem-™
o Sl il g ; andard. By m.te‘rnatlonal agreement in 1961, light isotope of ca
iR i A S:crahl?dard. This isotope of carbon(C-12) has been assigned a mass
A is value has been determined accurately using mass spectromé
hn i o ar er elements are compared to the mass C-12. Thus “the mass 0
elative to the mass of an atom of C-12 is called its relative atomic mass”

One atomic mass unit (amu) is defined as a m
, : ) is defined as a mass exactly equal to one-twelfth the ma .

‘Mass of one C-12 atom = 12 amu

]

(& CamScanner
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“.Um't 3 Atomic Strl]cfure

mass of one C-12 atom

Tamu=

12 :
drogen atom is 8.40% as massive as the standard C-12 atom. Therefore, relative atomic mass

of hydrogen-

_8.40
100 X12 amu

=1.008 amu

ilarly, relative atomic masses of O, Na, Al are 15.9994 amu, 22.9898 amu, 26.9815 amu
S‘Tpectively. Table 3.1 shows the relative atomic masses of some elements.
re

C Table 3.1: Relative atomic masses of some elements
[ Element Relative atomic mass (amu) | Element Relative atomic mass (z;mu)
| H 1.008 Al 26.9815
: N 14.0067 S 32.06
| 0 15.9994 Cl 35.453
Na 22.9898 Fe 55.847

3.5 ISOTOPES

Fig. 3.1 shows Bohr's Model for two atoms
of Ne. Can you identify three similarities
and two differences in these atoms?

Youwill find,
(@)  Both the atoms have same number =10
of protons.
(b)  Both the atoms have same number
of electrons. ; A
() Both have same atomic number. Fig. 3.1: Two isotopes of Ne =~ “‘
(d)  Both have different number of :
neutrons.

©  Both differ in total number of protons and neutron. This means they have different mass
numbers,

Since both the atoms have the same atomic number, they must be the atoms of same element and
are called isotopes. The word isotope was first used by Soddy. It is a Greek word “isos” means
means place.

Isotopes are atoms of an element whose nuclei have the same atomic number but different
Mass Number, This s because atoms of an element can differ in the number of neutrons.
Pésare chemically alike and differ in their physical properties.

Same and l(tope"

|SOt0
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How does the discovery of isotopes contradicted Dalton's atomic theory? !

3.5.1 Isotopes of Hydrogen

Hydrogen has three isotopes. Hydrogen -1 (ProtIU_m) has no neutron. Almgs
Hydrogen -1. Its symbol is 'H. Hydr Ogei1 -2 (dfutenum) h.as one neutron and hydrogen ~Ydr°,g°"
has two neutrons. Their symbolsare H and (H,r espegtlvely. Because hydrogen .1 s (T"tiw
protium has only one proton, adding a neutron doubles it mass. kngy,,

Protium (Hydrogen) is a colourless, odourless, and tasteless gas. It is insoluble in

tall theh
3

{

in hydrogen-2 atoms i Mater gy,
highly inflammable gas. Water that contain hydrogen-2 atoms in place of hydrogen{ iS¢y !

heavy water. Table 3.2 Shows some physical properties of ordinary water and heavy Wate, Y

Table 3.2 - Comparision of Physical Properties of ordinary water and h@

Physical property Ordinary water Heavy water
Melting Point 0.00 °C 3.81°C A
Bioling point 100 °C 101.2°C 0%
Density at 25°C 0.99701 g/cm’ 1.1044 g/cm’ "

Isotopes affect molecular mass of a
substance, can change physical

" ./“.\ i
properties but do not change P o o ¥
chemical properties. / ‘\ /
At what temperature would a / | @
sample of heavy water freeze? \ / \
& T, ,.-",‘ \\,’
Naturally occurring hydrogen N v

contains 99.99 % protium, 0.0015 % Protium Deuterium TritiUL
Deuterium. Tritium is radioactive | — g, < v
and is rare. Tritium is not found in
naturally occurring hydrogen
because its nucleus is highly unstable.

3.5.2 Isotopes of Carbon

Cartt;on has three isot.o?zes. Carbon-12, carbon-13 and carbon -14. Almost all the carbor’
E:r on-12. Its symbol is ".C It has six neutrons and six protons. Carbon-13 has symbol 'iC- 'tt:,”
VeN neutrons and six protons. Carbon-14 has eight neutrons and six protons. Its symbol® *

Di
a:]f;etrair::lforms of carbon.are black or greyish black solids except diamond. They are odourt
ess. They have high melting and boiling points and are insoluble in water.

Fig. 3.2: Isotopes of hydrogen /

(8 CamScanner
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/

Carbon has three isotopes &'C, ¢'C, {'C. Figure 3.3

structure of isotopes of —~
s incompletiomplete it? ’ % / “
g (®)
e s \\? . /’/
x-’.‘
sC (>

. S
g 3 3
W«C

4 o

Natural abundance of isotopes of carbon is as

follows:
BE= 98.8%, ,C=1.1%, 1,4(: =0.009% Fig. 3.3: Isotopes of Carbon

3.5.3 Isotopes of Chlorine

There are two natural isotopes of chlorine, chlorine-35 and chlorine-37. An atom of chlorine-35
has 17 protons and 18 neutrons. An atom of chlorine-37 has 17 protons and 20 neutrons.
Chlorine-35 occurs in nature about 75% and chlorine-37 about 25%. Chlorine is a greyish yellow gas
with sharp pungent irritating smell. It is fairly soluble in water

R Stiarte ;

s P SR S o iy i T A R S S S S A RRE
. R D = g il i > o T
et *;'“- v ctfviffv:s.i»@ AR A ki

e

Chlorine has two isotopes. Figure 3.4 shows the o
structure of isotopes of chlorine. Can you write isotope I “\\

symbol for each? ([ 7N M) { /.‘\
Isotope symbols: . I { \ 1:

Natural abundance  75.77% 24.23% \ > / \

— R Y S S T SR S S e

Fig. 3.4: Isotapes of chlorine

3.5.4 Isotopes of

- geadad vl

A o “AC
gt e ie E¥os yai¥ |

T i e y R
Sl s S

Uranium has three isotopes with mass number 234, 235 and 238 respectively.

234 235 238

92 U’ 92 U ) 92 U
The ;U isotope is used in nuclear reactors and atomic bombs, whereas the 5°U isotope lacks
the properties necessary for these applications. S“U is rare. Natural abundance of Uranium

isotopes is as follows
B41) = 0.006%, =2°U=0.72%, 2¥U=99.27%

92
Fillin the blanks?
B4 has ___ protons, __ electrons and ___ neutrons

5 has ___ protons, ___ electrons and __ neutrons

Z8) has ___ protons, ___ electrons and _ neutrons
Whén Uranium-238 decays into thorium-234, it emits alpha particle. An alpha particle is doubly
Positively charged helium nucleus.
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zggU ——-)23.,4(,Th + ;He .
The fission of uranium-235 yields smaller nuclei, neutron and energy, T

celeased by the fission of one kilogram of uranium-235 is equivalent ¢ :e ”Uclea,
produced by burning more than 17000 kg of coal. | chemiCal :In:?
a

Chiemical properties of an element depend upon the number of protons and electrone 1 |

do not take part in ordinary chemical reactions. Therefore, isotopes of an elemEn‘t)?]S._ By
ave o

Bl

chemical properties. ;

[
Ny
3.5.5 Determination of Relative Atomic Mass

The relative atomic mass of an element can be calculated from the relative Mass
. ) . e 5
isotopes and their natural abundance. Sof

Example 3.2¢ Naturalab pes garbon lsanollovs
?C=98.8%, ?C=1.1%, 009%

Calculate relative atomic mass of carbon.

Solution:
The relative atomic mass is a weighed average of the all the naturally occurring isotopeso;

element, taking into consideration of their natural abundance. Use general formula

. ‘ NAofC-12onfC-12+NAofC~13onfC-13+NAofC-14onfC-14
Relative atomicmassof C= ————— R

100
- ) 98.8x12+1.1x13+0.009x14
Relative atomicmassof C= —————— —
100 NA= Natural abunda
1185.6+14.3+0.126 A= Atomic mass

Relative atomic massof C= o 1
100

Relative atomic massof C = 12.00026amu

CONCEPT ASSESSMENT EXERCISE 3.1

An element has two isotopesAan'd B.

The relative atomic mass of element is 35.5 amu. Natural abundance of isotope Ais 7577% '
its isotopic mass is 35. Find the isotopic mass of B if its natural abundance is24.23%.

3.5.6 Uses of Isotopes
stable and radioactive isotopes have many applications in science and medicines. S0
are as follows:
(¥ Radioactive iodine -131 is used as a tracer in diagnosing thyroid problem
(i)  Na-24 is used to trace the flow of blood and detect possible constriction®
obstructions in the circulatory system.
(iii)  lodine-123 is used to image the brain.

(iv)  Cobalt-60 is commonly used to irradiate cancer cells in the hope of killing 1
shrinking the tumors.

(v)  Carbon-14 is used to trace the path of carbon in photosynthesis. RadioaCti"‘:

me of the¥

CamScanner
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Atomic Stryctyre

isotopes are used t0 determine the molecular structure e.g. sulphur-35 has been
used in the structure determination of thiosulphate, 5,0, * ion.

Radioactive isotopesare also used to study the mechanism of chemical reactions.

Radioactive isotopes are used to date rocks, soils, archaeological objects, and
mummies. ‘

3,5.7 Carbon Dating

carbon-14 is used to estimate the age of carbon-containing substances. Carbon atoms circulate
petween the oceans, and living organism at a rate very much faster than they decay. As a result
the concentration of C-14in all living things, keep on increasing. After death organisms no longer
pickup C-14. BY comparing the activity of a sample of skull or jaw bones, with the activity of living
tissues, we can estimate how long it has been since the organism died. This process is called

dating.
3.6 CATIONS AND ANIONS:

‘Cations:
Cations are positively charged ions that form when an atom loses one or more electrons. Cations
are usually formed from metal atoms that tend to lose electrons to achieve a stable electron
configuration similar to a noble gas. When an atom loses one or more electorns, it forms a cation.
The resulting cation has the electronic configuration of a noble gas. Neutral atoms have equal
number of protons and electrons. When an atom loses one or more electrons, the number of
protons becomes greater than electrons, as a result atom acquires positive charge.

(vi)
(vii)

Example 3.3: Describing the formation of cations

Describe the formation of Na” and Mg~ cations.

Problem Solving Strategy:

1 Sodium belongs to Group IA on the periodic table. It has only one electron in the valence
shell. Sodium atom loses its valence electron and is left with an octet. Represent this by
drawing the complete electronic configuration or using an electron dot structure.

3 Magnesium belongs to Group lIA in the periodic table. It has two valence electrons.
Magnesium atom loses these electrons to achieve noble gas configuration. Represent this
by drawing the complete electronic configuration or using an electron dot structure.
This number also corresponds to the Group number in the periodic table.

Solution:

@  Formation of Na'ion
Na(ls?2s22p®3s)—=—>Na'tis*25°2p")

Youcan also represent this by following electron dot structure,

®) Formation of Mg ion _

, Mgst2stape3sh 285 Mg? (1s25°2p")

Yo
"€@nalso represent this by electron dot structure,



https://v3.camscanner.com/user/download

CONCEPT ASSESSMENT EXERCISE 3.7

Dascribe the formation of cations for the following metal atoms:
(@)  Li(atomicno. 3)
(b)  Al(atomicno.13)

Anions B

Anions are negatively charged ions that form when an atom gains one or more ele
process usually occurs when an atom has a relatively high electron affinity, meaning thy ;
easily attract and capture more electrons to achieve a stable electron configuration similal:lo

noble gas. When an atom gains one or more electrons, the number of electrons becomes - i
than protons, so it acquires negative charge. t

Ctrong, 5,

e

Descri

- TR et e

TEE R mj AL b g A TR PSS i i
bing the formation of anions.

Describe the formation of anions for the following non-metal atoms:

(a) Oxygen(atomic no:8) (b) Fluorine (atomic no: 9)
Problem Solving Strategy:

Bxample 3.4;

Write electronic configuration or dot structure.
2. Find the number of electrons needed to acquire eight electron configuration.
3 Represent addition of electrons.

Solution:

(a) Formation of anion by oxygen atom.

Oxygen belongs to Group VIA on the periodic table. So it has six electrons in
its valence shell. It needs two electrons to achieve noble gas configuration.

0(1s525%2p*h 26" —— 0% (15225%2p° )

—
octet
You can also represent this by electron dot A
structure, [ I
(b}  Formation of anion by fluorine atom @ * DT S @
Fluorine belongs to Group VIIA on the s J
periodic table. So it has seven : —
electrons in the valence shell. A '

. ‘ i ‘ 1
fluorine atom therefore, requires only ; F'
oneelectron to complete octet. "aie J
FUs282p°he — 5F (1s225%2p%) | ikt ;
\-—V—E/ 4_‘)
e octet
canalso represent this by electron dot structure,

(8 CamScanner
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pescribe the formation of anions by the followi ng non-metals:
(a) Sulphur (atomic No. 1 6) ’
(b) Chlorine(atomic No. 17)

3.7 ELECTRONIC CONFIGURATION

Tounderstand electronic configuration, you should know about shells and sub-shells.

Shells

According to Bohr's atomic theory, the electron in an atom revolves around the nucleus in one of
the circular paths called shells or orbits, Each shell has a fixed energy. So each shell is also called

energy level. Each shell is described by an nvalue. n can have values 1,2, 3..... \ al % 2 }\c.LLL

When, T

n=1,itisK shell ke 2L 3™ u, N §.0

n=2,itisLshell d. P 2. Q
n=3,itisMshell etc.

As the value of n increases the distance of electron from the nucleus and energy of the shell
increases.

Sub-Shells

A shell or energy level is sub divided into sub-shells or sub-energy levels. n value of a shell is
placed before the symbol for a sub-shell. For instance,

n=1, for Kshell. It has only one sub-shell which as represented by 1s.

ForL shelln=2, Lshellhastwosub-shells, these are designated as 2s and 2p.

For Mshell n =3 So M shell has 3 sub-shells called 3s, 3p and 3d. While N shell has 4s, 4p, 4d and 4f
sub-shells.

s sub-shell can accommodate maximum 2 electrons.
p sub-shell can accommodate maximum 6 electrons.
d sub-shell can accommodate maximum 10 electrons.
f sub-shell can accommodate maximum 14 electrons.
The increasing order of energy of the sub-shells belonging to different shells is given below.
1s < 25 < 2p < 3s < 3p< 4s< 3d .....

The arrangement of electrons in sub-shells is called as the electronic configuration. We can fill

the electrons present in various elements by usingAuf Bau Principle} According to this principle,
electrons fill the lowest energy sub-shell that is available first. This ncoeans el‘ectron will fill first
1s

»then 25, then 2p and so on. SheLL Numbey &&- Wl

= NI ) X el oo S s AL o
-

iy d

(& CamS
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Symbols for atoms and ions

The symbol for an atom represent the element . It consists of one or two-
number as a left superscript, the atomic number as a left subscript, and t

Unit 3: Atomic Structure

letters, the "

superscript. For example; he charge a a::;l
Mg”
This number is often omitted. This diagram shows symbol for magnesium “Mg” which o
magnesium. The number to the upper left of the symbol is the mass number, which : 2n
number to the upper right of the symbol is the charge which is positive 2. The number tq th:‘
left of the symbol is the atomic number which is 12.
f " T
* Rutherford proposed a planetary model for an atom. The nucleus of an atom is COMposeg
of protons. The electrons surround the nucleus and occupy most of the volume ofu!:
atom. : ’
* According to Bohr's atomic model, the electron in an atom revolves around the nuclewsi
fixed circular orbits called shells. Isotopes are atoms of an element that differ in the
number of neutrons.
* 73U isotope is used in nuclear reactors and atomic bombs. |
* Radioactive isotopes have many applications in science and medicines such as killingi
cancer cells, diagnosing thyroid problem, to image the brain, to detect obstruction in the
circulatory system, to date rocks, soils, mummies etc.
* Ashellorenergy levelis divided into sub-shells.
* There are four types sub-shell s, p, d, and f.
* Thearrangement of electrons in sub-shells is called as the electronic configuration.
\*__According to the Auf Bau Principle, electrons fill the lowest energy levels first.
R kit
References for additional information :
» B.Earl and LDR Wilford, Introducion to Advanced Chemistry. |
« lain Brand and Richard Grime, Chemistry (11-14). i
e

(8 CamScanner
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REVIEW QUESTIONS

Encircle the correct answer,

(i)

(i)

(i)

(iv)

(v)

(vi)

(vii)

Chlorine has two isotopes, both of which have:
(@)  samemass number. ' (b)  samenumber of neutrons.

(c)  different number of protons, same number of electrons.
Number of neutrons in 22 M are

(@ 13 14

(c) 27 (d) 15

Which isotope is commonly used to irradiate cancer cells?

(@)  lodine-123 (b)  Carbon-14
((ci) Cobalt-60 (d)  lodine-131

Mshell has sub-shells:

(@  1s,2s (b)  2s,2p

() 3s, 3p, 3d (d) 1s, 25, 3s

Asub-shell that can accommodate 6 electrons is :

(@) S (b) d

@P d f

»Na  has electronic configuration:

(@) 15’ 28", 3n' (b)y  1s,28%,2p

(€)  1s,25%,2p’, 38 dyr  15,25%,2p",3'
Which of the following statement is not correct about isotopes?
(a) they have same atomic number

(b) they have same number of protons

(c) they have same chemical properties

,:(d); they have same physical properties

(viii) Which isotope is used in nuclear reactors?

(@) U-234 (b)  U-238
o) U235 (d)  Allof these

Give short answer.

(i)

(if)
(i)
(iv)
V)
(vi)

Distinguish between shell and sub-shell. Vdone on NIB.

oYX = LSYVS,
Why an atom s electrically neutral? Becavie. No« of protent Eleely

How many sub-shells are therein N shell. Ue Y P 440\ ’ L\-f-

Give notation for sub-shellsofMshell. 38 o 3 » 24 3@(
List the sub-shells of M Shellin order of increasing energy. 28<3 P 4

Can youidentify an atom without knowing number of neutronsinit? e N} B
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~Unit'3:Alomig atructure; -

urations listed are incorrect. Explain what Mista

3 ic confi ‘
The Stactipnic ¢ onic configurations. v N\'Q ke have bﬁen

made in each and write correct electr
A x=1s5,2s,20530" y=1s',2s',2p" , Z=15%,25%,2p° 3¢
Which orbital in each of the following pairs is lower in energy?
& @s,2p>28  B)3IpWITP (03545 > 38
Draw Bohr's Model for the following atoms indicating the location for electron
andneutrons: 6w N8 Pl
& (a)Potassium (Atomic No 19, Mass No. 39)
(b) Silicon (Atomic No. 14 Mass No. 28)
(c) Argon (Atomic No. 18 Mass No. 39) HO
9. Write electronic configuration for the following elements: &~ M{I2
2 (@) s b) Mg (© AL (@) “Ar
11.  State the importance and uses of isotopes in various fields of life. &wn. boak Pfa 38,3
12, The atomic number of an element is 23 and its mass number is 56. ey ¢, l/

on
.

~

a. How many protons and electrons does an atom of this element have?
b. How many neutrons does this atom have?
13. s s § . 27 . P
3 Thg itv?)mrl\isymbol of aluminium is written as {3 Al. What information do youget fromip
e "
NN
(CO\a: ‘
@‘1. : Selut 1 Cvy Sf:\ ' ’ _ ( Py
B Atena ¢ = L& o Show M
Ateswate No= 23 e alBnic o gs / nMa s Vo |
‘\15\3()' Nos ¢ meas o Te. nunmblv,
. - PT"('LS‘{‘./\J;:, N2 = ‘3
A bomic Numbey = Number ©f
o ) i e | N - !
P‘,btﬁsﬂg‘ m’:f’“ — xl‘} ,‘{\/\qgg NO‘Q’}‘
L ——

o Protont =93
Sus m. ol p‘ru{-m\(. aele c’t’mn&

Ln

Wewte FElechkrni= 273

Nevbwal @ ke =x (Mowfe Mot hrarsie N,:B
=$6 - 23
3%

(8 CamScanner


https://v3.camscanner.com/user/download

e, o " LY bad :
‘Cn  Nh Fl Mc Lv
e " A o domtc bt
L. EE R ITREPL. DU N :-3%.-. g

After completing this lesson, the student will be able to:
* Define the periodic table as an arrangement element in periods and group, in order of increasing proton
number/atomic number.
* Identify the group or period or block of an element using its electronic configuration (only the idea of
subshells related to the blocks can be introduced).
* Explain the relationship between group number and the charge of ions formed from elements in the

group in terms of their outermost shells.

* Explain similarities in the chemical properties of elements in the same group in terms of their electronic

configuration.
and periods, given information about the elements, including trends for atomic

electronegativity, ionization energy, metallic character, reactivity, and density.
alkaline earth metals, halogens, noble gases, transition metals,
the periodic table. J

* Identify trends in groups
radius, electron affinity,

* Use terms like alkali metals,
k lanthanides, and actinides in reference to

@ CamScanner
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‘Predict the characteristic properties of an element in a given group by USing Knowieg
periodicity. S ET e o e of
¢ Deduce the nature, possible position in the Periodic Table and the identit

. . : y of unkno
given information about their physical and chemical properties. i Slemep, X
o Define Group 1 Alkali metals as relatively soft metals with general trends dow, n

; X . ) i N the
decreasing melting point, increasing density and increasing reactivity. 8roup li'mted

|

e Predict properties of other elements in Group 1, given information about the elements
e Predict properties of elements in Group 1in order of reactivity given relevant information

« Define Group VIl halogens as diatomic non-metals with general trends limited to increasing p
g . . e .
decreasing reactivity. Mty

o |dentify the appearance of halogens at rtp as fluorine as pale yellow gas, chlorine as yellow-g,
bromine as red-brown liquid, iodine as grey-black solid. een B,

o Explainthe displacement reactions of halogens with other halide ions and also as reducing agents
o Predict the properties of elements in group VIl given information about the elements,

. Analyze the relative thermal stabilities of the hydrogen halides and explain these in terms Of bong
strengths. ”

o Describe the transition elements as metals that: have high densities, high melting points, Variabg
oxidation numbers, form coloured compounds and act as catalysts for industrial purposes, (some

example include catalysts being used are the Haber process, catalytic converters, Contact process and
manufacturing of margarine).

¢ Define the Group 18 noble gases as un-reactive mono-atomic gases.
e Explain thisinterms of electronic configuration.

Compare the general physical properties of metals and non-metals. ( specifically in termsof

a. Thermal conductivity

b. Electrical conductivity
c. Malleability and ductility
d.

Melting points and boiling points

-
INTRODUCTION

Welcome to the exciting world of chemistry, where the elements come to life and thanks totte
remarkable periodic table. From its humble beginnings, where only 23 elements were known unth
the end of the 18th century, to its development of 118 elements today. It is very difficult ant
impossible to remember information about the reactions, properties, and atomic maSSe.S‘,’f
elements. So, we obviously need a way to organize our information about them. The period¢
table is one of the most important tools in chemistry. It is very useful for understanding?

predicti_ng the properties of elements. For example, if you know the physical and chemic?
properties of one element in a group, |

: ' : o of N
you can predict the physical and chemical ropertlesofa !
oth i . P ity
ten:reniliee:‘s?:l]en th‘: Stam: group. The periodic table allows you to relate the reacti
ments to their atomic s i ' nf
fonic or covalent bonds. {ructure. You can also predict which elements e

One of the most i WAL : ;
ohecli il e arrf:':):ef;aint activities is the search for order. A large number of observations.O:
to describe them. After t:eodgi:(c)gss according to common features they share, it becomes eashat
e i ; s i !
: ry of atomic number by Moseley in 1913, it was noticed !

CamScanner
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atomic number cogld serve as a base for systematic arrangement of elements. Thus elements are
arranged 1;1 thel lon;j er of increasing at9mlc number, A table showing systematic arrangement of
elements is called periodic table. It is based on the periodic law that states if the elements are

arranged in the order of their increasing atomic numbers, their properties are repeated in a
periodic manner. ;

4.1.1 Periods and Groups of Elements,

The most commonly used form of the periodic table is shown in figure 4.1. Note that the elements
are listed in order of increasing atomic numbers, from left to right and from top to bottom.
Hydrogen (H) is in the top left corner. Helium (He), atomic number 2, is at the top right corner.
Lithium (Li), atomic number 3, is at the left end of the'second row.

The horizontal rows of the periodic table are called periods. There are varying number of
elements in periods. How many periods you find in the periodic table? There are seven periods.
The number of elements per period range from 2 in period 1 to 32 in period 6. First three periods
are called short periods and the remaining periods are called long periods. The properties of
elements within a period change gradually as you move from left to right in it. But when you move
from one period to the next, the pattern of properties within a period repeats. This is in
accordance to the periodic law.

International Union of Pure and Applied Chemistry (IUPAC) has recently renamed newly

P e AT X ST DS o g oroite~d -
S e N AT v A S A O, E s o P st et

ber of elements present in the relevant period in the

table

Table Number of elements in the periods of the periodic table

Period No. No. of elements

First

Second

Third

Fourth

Fifth
Sixth

Seventh

EQT'"’?-‘J-; Al it Y i i el e o R
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glements that have st-mllar pro;.)ert.:ies lie in the same column in the periodic table. Each vertical
column of elements in the periodic table is called a group or family.

The lntemanonal‘ Union of Pure and Applied Chemistry (IUPAC) decided that the groups would be
1-18from lett to right.

The elements in the same group have same number of valence electrons. Group number indicates
the number of valence electrons in an element, For example, Group1 and Group 2 elements have
and 2 valence electrons respectively. In Groups 13 elements have 3, Group 14 have 4, Group15
have 5 valence electrons and so on. It is important to note that in Groups 13 to 18 (p block
elements), the number of valence electrons is equal to group number minus 10.

Group Aelements are called normal or representative elements. They are also called main group
elements. Group B elements are called transition elements.

Names of S0 = sroups in the Periodic Table

some groups of elements in the periodic table have been given group names. For example
metallic elements in Group 1 are called alkali metals. Group 2 elements are called alkaline earth
metals. The elements in Group 17 are called halogens. The Group 18 elements are called noble
gases because they do not readily undergo chemical reactions.

Recall that all elements have a unique identificcation nunber known as the atomic number or
proton number. The atomic number of an element represents the number of electrons or protons
present in the atom of the element. Aufbau’s Principle helps in determining the order in which
the electron orbitals get filled.

Flartraniec Canfonration

According to Aufbau's principle, the order in which the orbitals fill up is as follows:

15,25,2p, 3s,3p,4s,3d,4p, 55,4d,5p, 65,4f, 5d,6p,7s,5f,6d,7p andsoon.

Each orbital has a fixed capacity for the maximum number of electrons accommodated, s-orbitals
have the capacity of 2 electrons, while p orbitals have the capacity for 6 electrons, d orbitals have
the capacity for 10 electrons and f orbitals have the capacity for 14 electrons.

Using these concepts, we can determine the electronic configuration of the given element.

Block of an element: When you have filled all the electrons, the orbital in which the last electron
isin, represents the block in which the element is placed.

Period of an element: Now, to determine the period in which the element is placed, you need to
look at the principal quantum number(n) of the valence electron. This number repersents period

umber of element
Group of an element: To determine the group, we need to understand some rules:
@ the element is in s block, then the group number is equal to the number of valence

electrons.

If the element is in the p block, then
formula: (number of valence electrons * 10).

0 - .
"eXample, the atomic number of sodiumis 11.

(b) the number of the group can be determined by the

(8 CamScanner
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Hence, its electronic configuration is: 15',25',2p", 35’
since, the valence electron is in the 3s subshell, sodium belongs to belongs to .

The principal quantum number of the valence electron of Na is 3. Hence, it M- lock,

N8t 1 B

period. - U"h

Since Na belongs to the s block, its group number is equal to a number of electrg
ns

subshell. This is equalto 1 " Yahm
Hence, sodium belongsto the Group 1.

Note:
we can start filling the orbitals in the order mentioned by the Aufbau principle.

1s,25,2p,3s,3p,4s

Example 4.1 [dentifying the group and period of &y élamerk "
identify the group, period, and block of following elements on the basis of electro;

configuration.
1. Al (atomic number=13)

2. K( atomic number = 19)

Problem Solving Strategy:

Write electronic configuration of element. Identify its valence shell. Remember that n valued
the valence shell indicates period. Total number of electrons in the valence shells represert
group number if element belongs to s block. If it belongs to p block, then group number is eqi

to the total number of valence + 10.
Solution:
1. Electronic configuration of Al ( atomic no. 13) = 1s*,2s°,2p",3s",3p’
Valence sub shells is 3p, so Al belongs to p block
Asn =3, Alis present in the 3" period.
Total number of electrons in the valence shell=2+1=3
Group number of Al= total number of electrons in the valence sub-shells + 10
= 3+10
= 13
Hence Al belongs to Group 13
2. Electronic configuration of K ( atomic no. 19) =
valence sub-shell is 4s. Hence K belongs to s block
Asn =4, Kispresentinthe4” period.

Total number of electrons in the valence shell =1
mber of electronsin the valence sub-shell.

1s',25",2p",35",3p" 4

Group number of K= total nu
= 1

Hence K belongsto Group 1.

N - B ol
" DR Tt G VR T .'.:‘.". e



https://v3.camscanner.com/user/download

\dentify the group and period o
conﬁguratlons f the following elements on the basis of electronic

a) ¢ R
() 14S]’ (b) 325’ (C) 1;F’ (d) :gAr

W Y

ample4 ZVCla{iﬁfPQgrpk T

Electronic configuration e B o ;
L Facs g of atoms of some elements are glven below. Cla551fy themm groups and |

1s%,2s’

1s%,2s",2p’
1s%,2s72p’
1s},25%,2p", 3’
1s%,2s’,2p%,35",3p’
1s*,25%,2p°,3s",3p’

m i @ g g S

Problem solving Strategy:
Remember that:
1. The elements whose atoms have similar valence shell electronic

the same group.

The n value of the valence shell indicates period number.
ue of n for the valence shell lie in the same

configuration belong to

3 The elements whose atoms have same val
period.
solsti 2 15 17
olution: e
> [ A | B C | Period

|
| 2s? i 2s22p3 | 2572p°
. | .
3 D F E Period
[ 352 | 3s23p? 3s23p°
oy T s C A 5 PRI

co&&éﬁ'ﬁﬁ‘és"f EXERCISE 3.

re given below. Place them into groups and

o wu:

f atoms of somé elementsa

Electronic configuration 0
periods of the following table. Rl

p=1s%,25%,2p" Q=1s',25,3P

R= 152, 5=1s',25"

T=1s%,2s' - W=15,25520

X=1s,25,2p", 35", 30" y=153,25,20%,35,30°

e < <y SORANGY TR BND

L Z1sZsZp ‘ S i LY

il
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2 13 14 15 16 17

—

\ - -
4.1.2 s and p Blocks in the Periodic Table

Group 1and Group 2 elements contain their valence electrons in the s sub-shell. Therefore,
elements are called s-block elements. Elements in groups 13 to 18 (except He) are known &
block elements because their valence electrons are located in the p sub-shell. Lanthanides

actinides are known as f-block elements since their f-orbital is in the process of completig
Figure 4. Z shows the blocks of the periodic table.

\J

Li =15",25") as valence electron is in s sub-shell, Lj belongs to s-block.
C=15",25°,2p’, as valence electron is in sub-shell P, C belongs to p- block.

4.2 GROUP NUMBER AND CHARGE ON AN ION

The group number of an element in the periodic table can provide information about the cha#
relationship between group number and ions formed by elements is based on the numberd
valence electrons in the element,

The group number of an s-block element in the periodic table corresponds to its number
valence electrons.

Whereas in the case of p-block el

ements, the number of valence electrons is equal to Gros
number minus 10.

Some elements tend to lose electrons
configuration such as the noble gases. Remember that the 2 or § electron configuration is the

electrons and form +1, 42, +3ions res

pectively. Elements with 5-7 electrons in their valences i
tend to gain 3, 2,1 electrons, res

pectively and form negatively charged ions with -3, '?’

0
Group 1 (alkali metals): Group 1 elements such as lithium (Li), sodium (Na), and POtasswm(' f
have one valence electron and belon
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110UIC 1aDie ana perjodicity pfiProperties.

after losingan electron acquire 8 electron configuration of anoble gas.

Na = 1s%,2s’,2p*, 3’

Na’ = 1s’,2s%,2p°
Grm:lp : :zgi;a;‘:;iarth metals): Group 2 elements such as beryllium (Be), magnesium (Mg), and
iand to:f v;o valence electrcns and are s block element. They tend to lose these two
EIT;rcoen:leZtgr?; t:> fol:)r:Sé ais:\ called divalent cations. For example: Beryllium (Be) loses two
@ ¢ agnesium (Mg) lo electrons to form Mg™. Calcium
(Ca) loses two valence electrons to form caﬁ,_ g) loses two valence ' g ,

Mg = 1527252)2p6)352
How many electrons Mg can lose to achieve stable electron configuration?
s will lose 2 electrons to achieve stable configuration and this no. is same as it group
numberi.e., 2

Mg ¥ = 1s’,25 2p°
some elements tend to gain electrons to achieve noble gas configuration. For example, Group 17
(Halogens): Group 17 elements such as fluorine (F), chlorine (Cl), and bromine (Br) have seven
valence electrons. They tend to gain one electron to reach a stable octet and form -1 ion, also
called a monovalent anion. For example: Fluorine (F) gains one electron to form F~ Chlorine (Cl)
gains one electron to form Cl . Bromine (Br) gains one electron to form Br'. ;

F =1s",25",2p’

F =1s%,2s%,2p°
Similarly, Cl = 1s’,2s’,2p%,3s’,3p’

ClI = 15%,25%,2p°%,3s%,3p°
Group 16 (chalcogens): Group 16 elements such as oxygen (0), sulfur (5), and selenium (Se)
have six valence electrons. They tend to gain two electrons to reach a stable octet and form a -2
jon, also called a divalent anion. For example: Oxygen (0) gains two electrons to form O* Sulfur
(S) gains two electrons to form S,

Group 18 (precious gases): Group 18 elements such as helium (He), neon (Ne), and argon (Ar)

have full valence electron shells (except helium, which has only two valence electrons). They are

chemically stable and do not form ions under normal conditions. Noble gases are known for their
low reactivity due to their stable electronic configuration.

e X " ]
T ¥ : 40 "'gmﬁww‘gf,ifﬁgw,m. |

owing elements in the periodic table from the electronic

Find out the position of the foll
configuration:

Nitrogen (Z=7) (b) Oxygen (Z=8)
Problem Solving Strategy:

Write electronic conﬁguration‘ of th ]
efficient of s or p sub-shell represents perio
shell is equal to the group number.

e _—

e element. Identify the valence shell configuration, co-
d number and total number of electrons in valence

CamScanner
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Solution:
a)

Electronic configuration of N = 154,25, 2p’

valence shell has configuration = 2s’,2p’

Period number =2
Number of valence electrons =2 + 3 =5

N belongs to p-block
So, Group number =5+ 10 =15
Nitrogen is present in the 2™ period of Group 15
b) Electronic configuration of oxygen = 1s’,2s’ 2p*
Valence shell has configuration = 2s*,2p’
So, Period number = 2
Number of valence electrons =2 +4 =6
O belongs to p-block
So, Group number = 6+10 = 16
Oxygen is present in the 2™ period of Group 16

Fig. 4.2: Periodic Table of Elements
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CONCEPT ASSESSMENT EXERCISE 4.4

. e by 0
Obtain the valence shell configuration of Aland s from their positionin the periodic table

N—

4.3 PERIODICITY OF PROPERTIES

is a periodic flu ion i .
There P Ctuation in the electronic configuration of the elements as the atomic

increases. : : :
number Therefore, the physical and chemical properties of the elements very in &

periodic manner. Elements with a similar valence shell electronic configuration are placed in the
same group, one below the other. Chemical properties depend on the electronic configuration of
the valencg shell. Because all the elements in a given group have similar valence shell electronic
configurations, they bave similar chemical properties. Physical properties depend on the size of
atoms. Because the sizes of atoms change gradually from top to bottom in a group. Therefore, the
clements show a gradation of physical properties within the same group. In the period of the
periodic table, the number of electrons in the valence shell increases gradhally from left to right.
Their chemical and physical properties also differ in the same way. In this section, you will learn
about the variation of physical properties of certain elements within a group and acrossa period.

4.3.1 Shielding Effect

Figure 4.3 shows electronic configuration of Li, Be and Mg. @

Which atom has more shells, Be or Mg? Which atom has more

electrons between the nucleus and the valence electrons, Be
or Mg?

Electrons present in the inner shells cut off attractive force
between the nucleus and the valence electrons.

The reduction in force of attraction between nucleus and
the valence electrons by the electrons present in the inner
sub-shells is called shielding effect.

Which atom has greater shielding effect, Be or Mg?
m in a group the number of electronic shells increase. So, the

hell also increase. Asa result shielding effect increases.
s? Which atom, Li or Be has greater number of

Fig. 4.3: Electronic structure
of Li, Beand Mg =

As you move from top to botto
number of electrons in the inners
Which atom, Li or Be has greater number of shell

electrons between nucleus and valence electrons?
As you move from left to right in a period the number of electrons in the inner shells remains

constant, therefore, shielding effect remains constant.

(& CamScanner
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e 4.4 Identl

EXJ’V’LJ  ~

fying the element whose atoms have greater shieldin
y Us

Ao 0d1C [ab'e_-grﬂ"r;;i: oo R = R PSR Y
Choose the elements whose atoms you expect to have greater shielding effect
() Be or Mg (b) CorSi .

problem Solving Stiategy:
Look at the periodl:c table.and ﬁnd t:he relative position of given elements in the pering:
Apply the trend of increasing shielding effectin a group. penod"%,
Solution:

(@) Mg atoms will have greater shielding effect.

(b)  Si atoms will have greater shielding effect.

CONCEPT ASSESSMENT EXERCISE 4.5

Choose the element whose atoms you expect to have smaller shielding effect.
(a) For Cl (b) Li or Na (c) B orAl
)

e

All the physical and chemical properties of elements depend on the electronic configuratio;
their atoms. We now consider some properties of atoms that are affected by electuy
configuration: atomic size, ionization energy, electron affinity and electronegativity. T
usually increase and decrease repeatedly throughout the periodic table. That is, they s
consistent changes or trends within a group or a period. These tendencies are correlated ¥

their behaviour.

4.3.2 Atomic Size

The size of an atom depends on its electronic configuration. Atomic
between the atomic nucleus and the electronic outer shell. Figur
of the main group elements. Figure 4.4 shows the variation of atomic ra
within a group. You can see two general trends in atomic radii.

size is the average di
e 4.4 shows the atomic
dii within a period#

ol

1) The atomic radius decreases in 5 j
each period as you move across = 5 Th
the period. This is because as 8 o © R o F /:
you move from one element in ’? Q O ? | 9 ? g B
the sequence to the next, to the .. ol ololo 0
right of it. Another electron is Q 9 9 4 - /;
added to the same valence shell. |~ g 0 |
At the same time, the positive Q 9 ? 9 Q ? ! /;/
charge of the core also increases ’@"@ O o OO0 [#) 3
by one. The attraction of the n P ™ m_| | -t
nucleus to the electron in the [ g 4 4; Atomic sizes of the main gr;.upg

valence shell increases.
Therefore, the size of the shell
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and t!1e fadlus of the atom decreases. For example, going from lithium to beryllium, the
atomic size decre:'a\ses. You can understand this fro’m the electronic configuration of the
valence shell of Li (2s') and B (25, Moving from Li to Be, the number of shells does not
change, but the atomic number increases from 3 to 4. Therefore, the strength of the
nucleus on the valence shell electron increases. Therefore, the atomic radius decreases.

2)  Atomicradius increases in each main group as you move down the element group. This is
because the size of an atom is determined by the size of its valence shell. As you move
doyvr? the group to the next lower element. the atom has an additional shell of electrons.
Th1s increases the radius of the atom. For e’xample, going from Li to Na, the atomic radius

increases. Consider the electron configuration of Li (15’ 2s') and Na (1s%, 25, 2p°, 3s'). A
new electron shell is added, i ncreasing the size of the atom.

b

N \
ST ain Eatl o ey
i A A j.'.,!' 3.‘ ;“ «‘{"v iv‘:: o

s in each of the following

Choose the element whose atom you expe
pairs.

(@ Mg, Al (b) C,Si
Problem Solving Strategy:
Remember that the larger atom in any:
(a) Period lies further to the left in the periodic table.
(b) Group lies closer to the bottom in the periodic table.
(c) Check the periodic table and choose the element.

Solution:
(a) The larger atom is Mg.

(b) The larger atomis Si.

.. CONGEPTASSESSMENT EXERCISE4:6 .

o A 2l 1 W Tl

-w-pnu S W g | e

Using the periodic table but witho
you expect to have smaller atomicra

(a) QorS (b) OorF

ut looking at the figure 4.4, choose the element whose atom
dius in each of the following pairs.

4.3.3 lonization Energy

lonization energy is an important property of
energy is defined as the minimum amoun

electron from an isolated gaseous atom”. 7
Mg + jonization energy —Myte

atoms that explains cation formation. “lonization
t of energy required to remove the outermost

,,,,,,,,
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Fig. 4.5: lonization energy values of the main group elements

lonization energy is a measure of the extent to which the nucleus attracts the outerme
electron. A high value of ionization energy means stronger attraction between the nucleus ax
the outermost electron. Whereas a low ionization energy indicates a weaker force of attractio
between the nucleus and the outermost electron. Figure 4.5 shows the ionization energies of the

main group elements. Values are given in units of kJ/mole.

Trends inionization energy values
The value of the ionization energy decreases from top to bottom in the group. This is becauseth

shielding effect of the atoms increases down the group. Greater shielding effects restflte'!:(;
weaker attraction of the valence electrons to the nucleus. So they are easier to remove. Thisl

to a decrease in ionization energy from top to bottom in the group. Which atom has a greaté
shielding effect, Li or Na? As you move from left to right in the period, the shielding effect
unchanged. However little by little the nuclear charge increases and atomic size decreases.

stronger attraction between the nucl rthe high!
jonization energy generally increases from

jonization energy, Lior Be?

Examplé 4.6: Identifying the el
the element whose atom you expect to have smaller io

eus and the valence electron increases. As a
left to right in a period. Which atom has

ementf;_t'ha_t hésfsmalleq'idﬁization energy
Ch nization energy in each of the
oose
following pairs.
@ BC (b N P

Problem Solving Strategy

Remember that ionization energy:
(a) Increases across a period. The t.etement t
further to the left in the periodic table.

hat has smaller jonization energy

5 =t F sl g % R Xl
== SRR AR ARSI 8K § 5 T SN R o SR A O Ol (L

remaits.

willbé
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4.3.5 Electronegativity
Electronegativity is the ability of an atom to attract electrons toward Itself m

Figure 4.7 shows as a scale of electronegativities of the elemens deviseq by L "‘kai.,
American chemist Linus Pauling devised a method for calculating the relative ele Ctr “auh,‘J
of elements.
"y
21
Li Be B C N (0)
10 15 20 25 30 35
Na Mg Al Si P S
09 12 15 18 2.1 2.5
K Ca Ga Ge As Se
ns 10 16 18 20 24
Rb Sr In Sn Sh Te
nR 10 17 18 19 2.1
Cs Ba Ti Pb Bi Po
07 n9 18 19 1.9 2.0
Fr Ra
n7 N9

Fig. 4.7: The Electronegativity values of main group elements

W R ACL IV LA 2PN

S s

Determlmng the general trends in the electronegatlvmes

You will need:

¢  Figure 4.7

Carry out the following: ;

1. Move across the second period from left to right and note down the variatiof
electronegativity values.

2. Move across the 3 period from left to right and note down the variatio"
electronegativity values. M#

Make generalization about the variation in electronegativites across a period and

reason. ; -3
4, Move from top to bottom in Groups 1 and 2 and note down the variai®

electronegativites value.
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. Move from top to bottom in Grou
electronegativities value.

Ps 16 and 17 and note down the variation in

eralization ; :
Make gen about the trend in electronegativity values in a group. Give reason.

4.4 CHARACTERISTIC PROPERTIES

Chafa_CFe”St'c properties of an element in a given group are based on periodicity and chemical
react!v‘ty' For Example, IrGtoup 1 (alkal metals) such as tithium, sodium, potassium, are highly
reactive metals. They have general electron configuration ns'. Their reactivity trend increases as
you move d(.an the group. Lithium, being at the top of the group is the least reactive metal
among alkall metals. As you move down the group, the atomic size increases and the outer most
electron 15 further from the nucleus, leading to be lost easily. This leads to increased reactivity.
$0, sodium is more reactive than lithium. Which is more reactive sodium or potassium?

similar trend is observed in Group 2 (alkaline earth metals). Which is more reactive Mgor Ca?

4.4.1 Metallic Character

Metallic nature refers to a property of elements in the periodic table that determines how easily
they can lose electrons and form positive ions (cations). Elements with metallic character have a
strong tendency to lose electrons and easily form cations. The metallic character of an elementis
affected by its position in the periodic table.

Metallic character increases as you move down a group in the periodic table. This is primarily due
to addition of new electronic shells. The outermost electrons are farther from the nucleus and
experiences weaker attractive forces, making it easier for them to be lost. This promotes

metallic character.

Metallic character decreases as you move across a period from left to right in the periodic table.
This is because effective nuclear charge increases across a period, while the number of shells
remains the same. The stronger attractive forces make it more difficult for valence electrons to

be lost.

(a) Na or K

(b) Na or Mg
Problem Solving Strategy

Remember that metallic character:
(@)  Increases down the group. The element t
closer to the bottom.

(b) Decreases across a period. T
further to the left.

(€) Checkthe periodicta

P,

(8 CamScanner

hat has higher metallic character will be

he element that has higher metallic character is

ble to choosé the element.

.l
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Solution:
@ K
(b) Mg

(CONCEPT ASSESSMENT EXERCISE 4.8

Which element has lower metallic character?
(@) LiorK
- (b) Mgor Ca
(c)  Compareand contrast ionization energy and electron affinity
\,
—

4,4.2 Reactivity

The capability of an element to react with other elements to form new compounds i Cally
reactivity. Reactivity of elements generally increases as you move down a group. This is duetyy
increase in atomic size. The outermost electrons are farther from the nucleus and eXperiuy,
weaker attractive forces, making it easier for them to participate in chemical reaction,

Reactivity tends to very across a period. Elements on the left side of a period ( Group 1 and )
highly reactive due to their strong tendency to lose electrons and form positive ions. Elemem:]
the right side of a period ( Group 16 and 17 ) are highly reactive as well but tend to gain electm

to form negative ions.

4.4.3 Density

Density of elements generally increases as you move down a group. This is due to the increas
atomic mass and the larger size of atoms. As the number of protons and neutrons in the nudef

increases, the atomic mass increases. This results in higher density.

Density can wary across the period. In general, density tends to increase from left to right unti
reaches a maximum around the middle of the period, and then it starts to decrease.

4.4.4 Characteristic Properties of Alkali Metals
Some characteristic properties of alkali metals are as follows:

(a) Highly reactive metals:
Alkali metals are highly reactive metals in the periodic table. They readily
valence electron to form a +1 cations. This trend increases down the group.

(b) Softness and low density:
Alkali metals have low densities and are relatively soft, which allows them v
easily cut with a knife. This trend increases down the group the group.

(c)  Theyare excellent conductors of electricity and heat.

(d) They have low melting points.
(e) They are highly reactive and monovalent elements.
(f) They react with H,0 to give H,and alkali metal hydroxides.
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Which is more soft NaorK?

4.4.5 Prediction of properties of other elements in Group 1 "

in Group 1 lithium, sodium and potassi AP -
; / 4 ssiu . ! ¢
trend in melting point and reaction with W?tearre a collection of relatively soft metals showing a

The metals ingroup | are called alkali metals
. Theyare verysoft.
. Their melting and boiling points decrease down the group
3 when alkalim i '
etals react with water, they produce a metal hydroxide and hydrogen.

meta} +water ———>metal hydroxide + hydrogen gas
. Thealkali metals become more reactive down the group.

SR ) 1-;-irv4r:gg—;'cel="¢v.ﬂ\; SRR
o 2 e E Lo G s A 2

e B AL e DR N M"’-‘h*“ R R B g

predict the properties of other elements in Group I,-from the ata gven above.
The element after Potassium is Rubidium and you can predict that its reaction with water will be
much more violent. We can also predict that Rubidium will have a lower melting and boiling
point than the three elements above it. And the elements below Rubidium will be even more
reactive and have very low melting and boiling points. It will also react with water to for metal
hydroxide and hydrogen.

4.4.6 Position of Unknown Element in the Periodic Table
You can place an unknown element accurately at appropriate position in the periodic table, and

can predict about its properties.

The electronic configuration of an element strongly influences its chemical behaviour. Elements
within the group have similar electronic configuration, and therefore similar properties. By
examining the electronic configuration of unknown element and comparing it to the known
elements in the periodic table, it s likely positionin the periodic table canbe determined.

The periodic table allows for the identification of trends and patterns across periods and groups.
These trends include variations in atomic size, jonization energy, electron affinity,
electronegativity, reactivity, and other properties. BY analyzing these trends, it f)ecom.ejs porssxble
to estimate the general properties of unknown element and make guess about its position in the

periodic table. R — REE—————
< T, (;i ) 5‘5@‘2\&1’;\‘,‘ E\’R%g AT RS T YT AT T T
SRR ,-?Q‘TJ;‘:;"I«'V%’GU 25 . 3988 "l , i{j _.«glm“:‘(‘&mi’ :i.- \ : 3 ¥
dentifying e s W O R R R 2

2 ,’,’ oy ;:ﬁ*aqvf; i
Suppose you have an unknown ele
you want to determine its position in
Problem Solving Stratesy

1. itei tronic configuration- s . .
2 \':”te ‘lt Ry lectronic conﬁguration totocateits positioni.e., find its group and period.

. sevalencee
Solution:
Electronic configuration : 1

nuwent having atomic number 19, and

the periodic table.

s’,2sz,2p",3sz'3pb’45'

o
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 configuration s 4s', which shows it is an alkali metal, beca

lectron in valence sub- shell s. As n value of valence Sub-shelr’ Gr%'
e 4" period in the periodic table. Isgq o

Valence shell electron
elements have one €

jeinth

lement must lie n &3 .

unkno.W" . sition in the periodic table, you can predict its properties. For example
From its po

higher or lower melting point, density,

4.5 TRANSITION ELEMENTS |
Elements located in d-block (Group 3 to 12).m.the penocﬁc tablg are called transition h
These elements exhibit several characteristic properties, which set them apart from o
elements. Some of their properties are as follows.
1. High Density

Transition elements generally possess high densities due to their higher atomic o

and closely packed structures. For example, iron(Fe) has a density of 7.8y ooy
tunguston (W) has a density of 19.3 g/cm’at room temperature. ’

v Will
reactivity, etc., than the element above of beloy itpos“

2. High Melting Points

Transition elements have high melting points. This is because their metallic bong; i
stronger, which in tern is due to the presence of partially filled d-sub shells. For exam
tunguston has a melting point of 3422 °C, platinum(Pt) has a melting point of 1768°C,

3. Variable Oxidation States

Transition elements exhibit multiple oxidation states. This is because of d-sub shell e
also participate in bonding along with s-sub shell. For example, iron(Fe) has oxidatix
states +2 and +3, copper(Cu) has oxidation states +1 and +2.

4. Coloured Compounds

Transition elements often exhibit vibrant colours. For example. copper compount
appear blue or green, chromium compounds are often red or green.

5. Catalysts for Industrial Processes

Transition metals and their compounds are widely used as catalyst in various industr
processes. For example,

(a) Iron is used in the Haber Process for the synthesis of ammonia.

(b)  Platinum and palladium are used as catalyst in catalytic converters to red
harmful emissions in automobiles and industrial units.

(c) Nickel is used as catalyst in the manufacture of margarine.
(d) Platinum is used as catal
sulphuric acid.

4.6 LANTHANIDES and ACTINIDES

';?rt‘:\r;amd'ez .also known as j‘rare earth elements” are series of 14 elements located at the bonoﬂ
periodic table. They include elements with atomic number 57 to 71

Actinides are another series w
of 14 ele ; ¢l
elements with atomic number 89 to 103, o eiated Jurt balew lanthanides. They |

— - | v

CamScanner
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ts in group 17 are
ml:::‘;neaningg salr: and ug:‘l.l.e:;::‘:?::?: The name halogen is derived from the Greek words
™ astatine, and tenessine (astati rmer. Halogens include fluorine, chlorine, bromine,
e properties). Al ine and tenessine are radio- active elements. Little s known
about their ies). All halogens are reactive non-metals and exist as diatomic molecules.

! 145 AY el e nagdens
P

al:;::::tfed;:;m‘i <t:<:loured molecular substances. The colour of halogen become darker as
e pe.u oom temperature and pressure(RTP) fluorine(F,) exist as pale yellow
gas, ch qnne( - Y‘ ow-g.reen gas, bromine(Br,) as red-brown liquid and jodine(l,) as grey-
plack solid. lodine easily turn into a dark purple vapours on warming. '

H‘-{logsens possess 7 electrons in their valence shell. They have general electronic configuration
nsnp’. They need only one electron to complete their valence shell. Consequently, they tend to
gainone electron to form univalent negative ions, F, CI,Br,I.

As you move down the group the number of electrons and protons increases, the size of the atom
increases and the volume increases. However, the increase in mass exceeds the increase in
volume, so the density, which is mass per unit volume, increases in general. Also fluorine and
chlorine are gases, bromine is a liquid, and iodine is a solid . So, the forces of attraction between
molecules increase down the group. Solid iodine has molecules that are highly attracted and
tightly packed together than bromine. Therefore, as you go down the group of halogens, the
forces of attraction between molecules increase and the density of the halogen increases.

Densities of halogens
Halogen Density (g/cm’at25 "C)
Fluorine 0.0017
Chlorine 0.0032
Bromine 3.1028
lodine 4.933

The reactivity of halogens is directly relate

ion (fluoride ion F -, chlcride ion cl, bromide ion Br', e the
elements, Fluorine has the greatest tendency to gain electrons and form a halide ion, making it

the most reactive halogen. As you move down the group, the El.ectronegativity O.f. the hal9gens
decreases. This leads to a decrease in reactivity: Which.halogen is the least reactive? Bron}lr}e.or
iodine, Because halogens have a strong tendency to gain electrons, they havg a str.or?g.oxndlzmg
Power, and this power decreases down the group- Thus, the order \of decreasing oxidizing power

1S;

d to their ability to gain an electron and form a halide
jodide ion I) when they react with other

F,» Cl,> Br2? I,

(& CamScanner
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5. Displacement reactions of halogens
Oxidizing power of F, is the highest and that of |, is lowest. Due tg tf,

s . € relat; -
oxidizing agent, it is possible for a free halogen to oxidize or displace the ion of Ive streri

halOge

in the group from their aqueous solutions. This means F, can oxidize ang displace aunn”
thyy

jons to free halogen. For example,
P ¥+ NG, 2KF .+ €l
Fug © 2KBry, ZKF o, By,
Fo + 2Nal = dNaF, Ll

(aq)

Similarly Cl, can oxidize Br and | ions. But |, can not oxidize any halide ion.

6. Hydrogen halides and thei
Halogens react with hydrogen to form hydrogen halides.

H,+X, = HX  WhereX=F, Cl,Br,I,
The strength of the hydrogen-halogen bond is related to the electronegativity diff
between the hydrogen and halogen atoms. A larger electronegativity difference resuls
stronger bond. As we move from HF to HI, the electronegativity difference between the hyer

and halogen atoms decreases, resulting in weaker bonds in HCl, HBr, and HI. So, the g
thermal stability of hydrogen halides gradually decreases from HF to HI.

Consequently, the energy needed to break H-X decreases in the following orders

HF> HCI> HBr > Hl
Prediction of prop:e
The elements present in Group 17 are called halogens. They are poisonous non-metalsthat}
low melting and boiling points that increase down the group. As a result of this increasmg_b?
and melting points, the state of the halogens at room temperature, changes from gas tol_lqu
solid down the group (fluorine and chlorine, the 1st and 2nd halogens, are gases, bromi®

3rd halogen is a liquid; and iodine, the 4th halogen, is a solid). The colours of halogens&llsr
darker from top to bottom.

p—

; ¥ ¥k
s :;,@y,ﬂ*g
R L

=

RS a,qi.;‘mz‘

i o - e
| ST SR e B S S e VTN

Predict thé properties of other elements in Group 17, from the given data given above- y
From this data you can predict how the halogens will behave up and down the group: Astﬂ
the fifth halogen, will have high melting and boiling points, so, will be solid
temperature, and will have a very dark colour.

CONCEPT ASSESSMENT EXERCISE 4.9

Which of the following displacement reactions will occur?

14 Cl,*+ 2NaF,, — 2NaCl,,, + Fy,
2. Bryg + 2Klog,  ———> ZKBr o+ Iy,
3. Ly + 2KBri,, —> 2Kl,,,*+ Bry,
4. . Cly+2KBr,, ——> 2KCL. +BRy,
s e N 2NaCl,, + by,
e e

(8 CamScanner
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4.8 NOBLE GASES

Noble ga5es, als0 Known as inert gases, are 2 group of chemical elements found in Group18 of the
eriodic table. They have general electron configuration ns’,np’ except He, which has 1s’. They
59 characterized by unique properties, They are odorless,,, colorless mono-atomic gases and
possess very low reactivity with other elements. This low reactivity is due to the presence of a
complete valence shell, which makes them stable and unlikely to form chemical bonds with other
pleiens ubger norat conditians. Noble gases include elements: Helium (He) neon (Ne) argon .
(A7) crypto (kr) xenon (Xe) radon (Rn), and oganesson (Og).
DO you know?
Due to their non-reactive nature, noble gases are used in many ways, such as in lighting (
signs), refrigeration systems and welding. They are also used in special applications,
filling gas exhaust lines and as a shielding gas in certain industrial processes.

e.g. neon
including

' Table 4.1: Electronic Configuration of Nobal Gasses
Element ﬁtjon':::;r Electron Configuration
Helium 2 18’
Neon 10 1s> 25°,2p°
Argon 18 1s?, 25°, sp,3s’, 3p°
Krypton 36 15,25, 2p°, 3¢, 3p°, 4s,3d",4p"
Xenon 54 1s2,2s%, 2p°,3s’,3p’,4s",3d",
4p°,4d",5s’,5p°

4.9 COMPARISON OF GENERAL PHYSICAL PROPERTIES OF

METALS AND NON-METALS:

' - i etals and non-metals.
Here is a comparision of general properties of m _

1. Thermal Conductivity:

Metals generally have high ther
the other hand, non-metals te
conducting heat.

2. Electrical Conductivity:

Metals are good conductor of electr_icity,
the metal lattice. Non-metals, with fe

mal conductivity, which means they can conduct heat easily. On
nd to have poor conductivity, making them less efficient at

because they have free electrons that can move freely in
w exception such as graphite, are poor conductor of

\

(& CamScanner
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electricity because they lack free electrons.

3. Adaptability: *
lleable and ductile. So, they can be hammered, drawn int, .
The metals are r'r:a heets without breaking. This property is due tometalllcbcmdsv,,h1ch 4
into thin sheets wi . )
:rtzrr‘rizosrl?[‘)e;;jass each others easily under pressure. Non-metals are neither malleable nor g,

rather they are brittle.

4. Melting Points and Boiling Points | |
Metals generally have high melting points and boiling points ducjr to s;:rongl metallic bf‘"dsthq
require a lot of energy to break. On the other hand non-metals o tenk avs o;ver melting Poiny
and boiling points because their atoms and molecules arfe I]eld by weaker bonds such asqmlemf
bonds, van der Waals bonds, or hydrogen bonds that require less energy to break.

CONCEPT ASSESSMENT EXERCISE 4.10

Compare the general properties of metals and non-metals

S

.

»”(1‘,’,—%\, “ ,;A ~ AT E
- . 2 (\4" fjaf.g)lf i3y o —

A=

v

. When elements are arranged in the order of their increasing atomic number, their
properties are repeated in a periodic manner.

*  Abhorizontal row of elements in the periodic table is called a period.

Acolumn of elements in the periodic table is called a group or a family.

*  Group 1 and 2 elements are called s-block elements, since s sub-shell fills in these
elements.

Elementsin the same group possess similar chemical properties,

*  Elementsin group 13 to 18 are called p-block elements, because filling of valencep
sub-shell occurs in these elements.

The atomic radij decre
ase fr ioht i : "
top to bottom i a groyp Pmieft toright ina period. Whereas these increase fron

lonizatjon energy is the
outermost electron from an

Electron affiniti is the amo

valen ; d when an e n the
\‘\ishell of anisolateq atomtoforma uni-negative gaseouseicc:;;mn gt
e s o

minimum amount of €nergy required to remove the
Isolated gaseous atom.
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(E;f;rfences for additionalinformation - . w
B.Earland LDR Wilford, Introducion to Advanced Chemistry. |

 lain Brand and Richard Grime, Chemistry (11-14).

+  LawarieRyan, Chemistry for you,

\— it
REVIEW QUESTIONS
1. Encircle the correct answer,

(i) Number of periods in the periodic table are:
(a)8 (b)7
(c)16 )5

(ii)  Which of the following groups contain alkaline earth metals?
(a)1 (b)2
(€)17 (d) 18

(ii) ~ Which of the following elements belongs to 18?
(a) Na (b) Mg
(c)Br (d) Xe

(iv) Main group elements are arranged in groups.
(@) 6 (b)7
(c)8 (d)10

(v)  Period number of 2Al is:
(@)1 (b) 2
(©3 (d) 4

(vi)  Valence shell electronic configuration of an element M (atomic no. 14) is:
(a) 25°,2p' (b)2s*,2p" '
(c)2s’,2p’ (d)3s’,3p’

(vii)  Which of the following elements you expect to have greater shielding effect?
(a)Li (b)Na |
(©)K (d)Rb

(viii) As you move from right to left across a period, which’of the following does not
increase:
(a) electron affinity (b)ionization energy
(c) nuclear charge ‘(c) shielding effect

(ix)  All the elements of Group 2 are less reactive than alkali metals. This is because
these elements have:
(a) high ionization energies (b) relatively greater atomic sizes
(c) similar electronic configuration  (d) decreased nuclear charge

\
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2, Give short answer.
(i)  Write the valence shell electronic configuration of an element presep; bk
period and Group 13. "

(ii) Define halogens.
(i) ~ Which atom has higher shielding effect, Lior Na?

(v)  Explainwhy, Na has higher ionization energy than K?
. (v)  Alkalimetals belong to s-block in the periodic table, why?
: 9 Arrange the elements in each of the following groups in order of increasing i°"flatim

energy:
(a) Li, Na, K (b) CL, Br, |
4, Arrange the elements in each of the following in order of decreasing shielding effect, |
(@) Li, Na, K (b) CL, Br, I (c) CL Br
5. Specify which of the following elements you would expect to have the greatest electrp
affinity.
S B tl
6. Electronic configuration of some elements are given below, group the elements in pais
that would represent similar chemical properties.
A=1s",25' B =1s",25%,2p° C =1s%,2¢',2p’
D=1s’ E=1s,2s%,2p%,35%,3p° F=1s%2s'
G=1s,25%,2p%,3s' H=1s’,2s%,2p%,3s’
s Arrange the elements in groups and periods in Q. No. 6.
1 18
2 13 14 15 16 17 F—‘
8. For normal elements, the number of valence electrons of an element is equal tot

group number. Find Fhe group number of the following elements,

27 32 39 8
13Al!16 !'19K’ 0

{
i
i
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write the valence shell electronic configuration for the following groups:

9 X Alkali metals : ;
Halogens \ Alkaline earth metals
d. Noble gase:
S
ite electron dot symbols fo ¥
10. :Hr)l - & r:“ atom of the following elements
a
(c) N (d) |
:+o the valence shell el i : ; g
g  Write s ecFromc configuration of the atoms of the following elements.
@ An element present in period 3 of Group 15 .
(b) An element present in period 2 of Group 16
L Copy and complete the following table:
Atomic |
Fommesiid Mass number No. of No. of No. of
protons | neutrons | electrons
11 12 |
14 15
47 25
27 13

3 Inwhich block, group and period in the periodic table where would you place each of the
following elements with the following electronic configurations?

(a) 1s',2s' (b) 1s%,25%,2p°
(c)1s°,25",2p", 35’ (d)1s’

14.  What types of elements have the highest ionization energies and what types of elements

have the lowest ionization energies? Argue.
u . i Two atoms have electronic configuration 1s:,2¢%,2p° and 1s’,2s°,2p%,3s". The
jonization energy of one is 2080kJ/mole and that of the other is 496kJ/ mole.
Match each ionization energy with one of the given electronic configurations.

Give reason for your choice.
ii. Use the second member of each group from Group 1, 2 and 17 to judge that the
number of valence electron in an atom of the element is the same as its group

number.
iii. LettersA, B, C,D, Eand F indicate elements in the following figure:
]

e

—_’T "_"‘_—__ c
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a. Which elements are in the same periods?
b. Write valence shell electronic configuration of element D.
€. Which elements are metals?
d. Which element can lose two electrons?
e. In which group E is present?
¥ Which of the element is halogen?
g. Which element will form dipositve cation?
h. Write electronic configuration of element E
i. Which two elements can form ionic bond?
; Can element C form C, molecule? Interpret.
k. Which element can form covalent bonds?
l Iselement F a metal or non-metal?
16. Electronic configurations of four elements are given below:
(a) 1s%,2s' (b) 1s%,25",2p’ (c) 15%,25,2p°, 35" (d) 1s*
Which of these elements is
i) An alkali metal
ii) An alkaline earth metal
iii) Anoble gas
iv) Ahalogen
17.  Argue thatin what region of the periodic table you will find elements with relatively:
a) high ionization energies
b) low ionization energies

&"? O DROJECT (

-

Prepare 3D model of the periodic table (Group Activity)

S S N A sy e ot s e -
LD kmbrb:'.ﬁ_:“f - e
e S
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CAL BONDING

{ .
R T

completing this lesson, the student will be able to:

Describe noble gas electronic configuration, octet and duplit rules help predict chemical properties of
main group elements.

Compare between the formation of cations and anions.

Account for the electropositive and electronegative nature of metals.

Define 1onic, covalent, coordinate covalent and metallic bonds.

Differentiate between ionic compounds and covalent compounds. (the following points to be included in
the respective definitions: a. lonic bond as strong electrostatic attraction between oppositely charged
lons. b. Covalent bond as strong electrostatic attraction between shared electrons and two nuclei. C.
Metallic bonds as strong electrostatic attraction between cloud/sea of delocalized electrons and
positively charged cations.
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( . Expimn m§ propeﬁies of compounds in terms of bonding and structure.
o Compare properties and use of materials such as strength and conductivity as determined by the typeof

" chemical bond present between thelr atoms.
* Interpret the strength of forces of attraction and their impact on melting and boiling points of jonjc ang

covalent compounds.
* Justify the availability of free charged particles (electrons or fons) for conduction of electricity i fonic

compounds (solid and molten) covalent compounds and metallic bonds.
e Recognize some substances can jonize when dissolved in water (e.g. acids dissolve In water and condycy

electricity).
o Justify the suitability of usage
may include; a. graphite as lub

and sheets).
o Draw the structure of ionic and covalent compounds along with their formation. (some examples may

include: . fonic bonds in binary compounds such as NaBr, NaF, CaCl,, using dot-and-cross diagrams and
Lewis-dot structures. b. simple molecules including H,, Cl,, 0,, N,, H,0, CH,, NH,, HCI, CH,0H, C,H,, CO
es using dot-and-cross diagrams and Lewis -structures. e

o P AR TR

of graphite, diamond and metals for industrial purposes (some example
ricant or an electrode. b. diamond in cutting tools, c. metals for wires

|
‘k HCN, and similar molecul

saisiid?

INTRODUCTION

All the matter in this world is composed of almost entirely compounds and their mixtures. Human
animal and pcl‘an;‘lfzfodues, rqcks, soil, petroleum, coal etc. are all complex mixtures of compounds.
In compounds different ‘kmds of atom are bounded together. Few elements also consist of
unbounded atoms. For instance, helium, neon, argon, xenon and krypton present in the
atmosphere consist of unbounded atoms. The manner in which various atoms are bonded
together has a profound effect on the properties of substances.

Some substances are hard and tough, others are soft and flexible why ? Resins are widely used to
paint dams, bridges, buildings and automobiles. What makes them sticky ? How do adhesives
such as glue bind two surfaces together ? What is the nature of such linkages ? The answer lies in
the nature of bonding and structure of their molecules. Therefore, to understand the behaviour
of various substances, you must understand the nature of chemical bonding and structure of

molecules.
5.1 WHY DO ATOMS REACT?

There are eight groups of normal elements (
18 consist of the noble gases or zero group €

chemically inert under ordinary condition. They
have general electronic configuration = ns’, np’ (8 electrons in valence shell) except He (1s').

These noble gases have completely filled valence shells (s and p subshells). Their octet is
complete, so they do not participate in ordinary chemical reactions and are called inert gases.
They have eight electrons in their valence shell, except He, which has two electrons inits valence

shell.

He = 1s'

Ne = 1s', 2, 2p°

WA= 18t 287, 2p, 38%,3p°

1,2,13, 14, 15,1617 18)in the periodic table. Group
lements because they are all very stable and
exist in atomic form in the atmosphere. They

(& CamScanner
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dot structure, \ oy |

¥

and low electronegativity allowing them to easily lose electrons. Therefore, they &
n

positive ions by losing electrons.
Example: Na — Na' +e€

Mg — Mg" +2e
Non-metals are electronegative in nature because all non-metals gain electrons iy org

become stable and hence become negatively charged. They have high EIeCtrO”Egatiwt;’h
have high electron affinity. 50 they can easily form negative ions by gaining e[eCtmns“FM
Bl

fq'h

example:
F + e — F
0 + 2 T 0O

Depending on the tendency of an atom to lose or gain or share electrons, there are two types,
bonds:
1, lonic bonds
2. Covalent bonds
1 lonic Bonds
lonic bonds are formed between two atoms, when one atom loses electron to form cation ar
the other atom gains this electron to form anion.

Describe the formation of Na'and Mg™ cations.

1. Sodium belongs to Group 1 in the periodic table. It has only one electron in its valen
shell. The sodium atom loses its valence electron and is left with an octet. Represent t
by drawing the complete electronic configuration or using an electron dot structure.

2. Magnesium belongs to Group 2 in the periodic table. It has two valence electrons,
magnesium atom loses these electrons to achieve noble gas configuration. Represe
this by drawing the complete electronic configuration or using an electron dot structur
This number also corresponds to the Group number in the periodic table.

(a) Formation of Na"ion
,,Na(1522522p"35')—-5——>Na+ (1s*2s*2p°) -0 = A ‘
You can alsorepresent this by following electron \§ L "™ RAE— ‘@ | +%
7 /)

\\
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ormatiO" of Mg ion

o g (1528203 )2 g (15'252p¢)

# an also |eplesfent this by electron dot
et

4 SRRV AF )

(b Al(Z=13)
Represent the fonnation of ¢
struciuies.

pp & W G

lowing metal atoms:

s " ————— : s
C
ONCEPT ASSESSMENT EXERCISE 5.1
pescribe the forination of cations fo; the fol
atiois for the following metal atoms using electron dot

il

pescribe the formation of anions for the followmg non metal ats
@@ Oxygen(Z=8) (b)  Fluorine(z= =9)

plem Solving Strategy:

; 1. Write electronic configuration or dot structure.
; 2. Find the number of electrons needed to acquire eight electron configuration.
3. Represent addition of electrons.

s U0
duldli

(@) Formation of anion by oxygen atom.

Oxygen belongs to Group 16 on the periodic table. So it has six electrons in its valence

shell. It needs two electrons to achieve noble gas configuration.
§0(1s72s'2p* )+ 26 —— 0% (1s?2522p°)

You can also represent this by electron dot — ——
structure, ~

(b)  Formation of anion by fluorine atom

Fluorine belongs to Group 17 on the periodic
table. So it has seven electrons in the

valence shell. A fluorine atom therefore, |
requires only one electron to complete
octet. ,

JF(1s'2522p%) v ——F (157 25°2p°)
A
octet
Youcan also represent this by electron dot structure,

\
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CONCEPT ASSESSMENT EXERCISE 5.2

Describe the formation of anions by the following non-metals.

(a)  Sulphur (atomic No. 16) (b) Chlorine(atomic No. 17)

2 Represent the formation of anions by the following non-metals using’eléc&o 3
N

- structures. d
(@ N (b) P (€) - "Br.¢. qd) H
paré differences between the formation of cations and anions.

\3' Com
Anions and cations have opposite charges. They attract one another by strong electrg

forces. “An ionic bond is a strong electrostatic attraction between positively charged Statj
jons and negatively charged non-metal ions”. Compounds that consist of ions join(:.'r:ie
electrostatic forces are called ionic compounds. The total positive charge of the cations Must

equal to the total negative charge of the anions. This is because ionic compounds are electricy
)

neutral as a whole.

iy s

EE R WRe S S

cross structures to write

e electron dot & elec‘tfb‘
the equation for the formation of ionic compound.

(@) Na and Cl (b)  MgandF

Problem Solving Strategy:

$: The metal atoms form cations and non-metal atoms form anions.

2. The number of electrons lost by metal atoms of grdup 1 and 2 are equals to their
respective group number and in group 13 the number of electrons is 13-10= 3.

3. To write the final form of the equation, you need to know the simplest ratio of
cations to anions that you require for the neutral compound.

4, Write equation using electron dot and electron cross structures.

Solution:

(a) Nais metaland Clis non-metal.
Metal atom tends to lose electrons and non - metal atoms tends to gain electrons &

acquire electronic configuration of their nearest noble gas. Since, Na atom has on¢
electron in its outer most shell. It losses one electron to form Na“ion. Since, Cl atomhé
seven electrons in its outermost shell, it needs one electron to complete octet. 50; 1

gains one electron to form Clion. For every Na'ion, you need one CI ion.

5



https://v3.camscanner.com/user/download

e —————————

for each of the following pairs of atoms, use

atom has
A’““*.»'im:ethel’m'“ " its
. atom has seven Outermost shell. it losses two etectrons to form Mg’
to formF ‘fon. ®lectrons in its outermost shell, 3o it gains one electron

CONCEPT Aggg_gguf,ﬁ EXERCISE 5.3

the equation for the formation of ionic mw"':"" dot and electron €ross SIUCIUFEs 1o W
(a) MgandO  (b)  AlandCl :

! e ™ }“f e iy £ 4 o i % i o . P 8 P o
nple5.4: RCOPNZING & COMpOUNd &s having Japic bonds.
. "y

Recognize the following compounds as hav{ng ic
@) MgO (b)  NaF

Problem Solving Strategy

1. The metal atom loses electrons to form cations and non-metal atom

form anions.
2. The number of electrons lost by metal atoms of group 1 and 2 are equal to their

respective group number.
3. Find the simplest ratio of

gains electrons to

cations to anions, to identify the compound,

Solution:
(@) MgO

Mg is metal and O 1s non-metal. AMg atom has two electrons in its outermost shell. 50, it

loses two electrons to form Mg’ ion. Since an O atom has six electrons in outermost shell,
so it gains two electrons to form O’ ion. In this way both the atoms acquire nearest noble
gas configuration. For every Mg’ ion you need one 0' ion. Chemical formula of resulting
compound is MgO. Therefore, Mg0 isan jonic compound.

tom has one electron in its outmost shell. So it loses

(b)  Naismetal and F is non-metal. ANa2
one electron to form Na~ ion. Since 2 F atom has seven electrons in its outermost shell,
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F ion. Na atom by losing one electron and F atom

s0, it gains one electron to form b
gaining one electron acquire nearest noble gas electronic configuration. You neeq one

jon for each Na' ion. Therefore, NaF is an ionic compound.
~_ CONCEPTASSESSMENT EXERCISE 5.4

Recognie the following compounds as having jonic bonds:
@ KL (b)) ACL (o) MgF, (d) NaF (e)  NaBr

5.3.2 Covalent Bonds

Nonmetal atoms tend to share electrons with each other or with other nonmetal atoms, forminga
chemical bond called a covalent bond. A chemical bond formed by mutual sharing of electrons
between two atoms is called a covalent bond. General representation of a covalent bond is given

below.

Sharing of
e _electrons 09

O ORO0

oo

-2

B
0o

tween two hydrogen atoms. A hydrogen atom has
hare their valence electrons to form a diatomic

i
H+H———H:H Ashared pair of | / '
K——' electrons < H : .| HisH

in the formation of this molecule, each hydrogen atom reaches the electronic configuration of the
noble gas helium with two valence electrons. An electron pair in the region between two atoms
attracts both hydrogen nuclei. This creates a strong clectrostatic attraction between the shared
electrons and the two nuclei. This means that the situation is more stable than in individual
atoms. Because of this stability, the two atoms form a covalent bond.

In a covalent bond, a strong electrostatic force of attraction between the bonding electrons
and two atomic nuclei binds them together.

A covalent bond between two atoms can be represented by using electron dot and cross diagram
for the atoms and the resulting mciecule. As already discussed valence electrons are represented
by dots. Just to understand sharing, we represent valence electrons in one atom by dots and in
the other atom by crosses. However, remember that all the electrons are identical and cannot bé

Consider the formation of a covalent bond be
one valence electron. Two hydrogen atoms s

molecule.
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un 2
1a%: LNemica; sonding

fferent"ated' A shared pair of electrops is also

di esenwd by a solid line in a molecule,
[ .
ider the formation of a bond betwee
w;ne atoms. Fluorine belongs to Groyp 1
fluo ven electrons in its valence shell, |¢

s€ " Needs
hase more electron to attain the electron

2§nﬁgufati°n A ear?ﬁ’ N:__? @ noble gas. Thus two F-atoms share an electron pair and achieve
electron configuration of Ne. For sharing, each F-atom contributes one electron to complete the
octet: |

pairs of valence electrons that are not shared between atoms are called lone pairs or unshared

pairs- Acovalent bond formed b.y sharing One pair of electrons is called a single covalent bond. 50
both Hx and F, molecules contain single covalent bond.

N two
7,50 it

canyou explain the formation of covalent bonq between H-atom and a F-atom?

Sometimes atoms may share two or three
electron pairs to complete an octet. Double
covalent bonds are the bonds that are
formed by sharing of two electron pairs.
Triple covalent bonds are the bonds that

involve three shared pairs of electrons.

Consider the formation of O, molecules. Oxygen is

in Group 16, so it has 6 electrons in its valence i i
shell. It needs two electrons to complete its octet. @ . —n ‘)
5o for sharing each O-atom contributes two : : '

electrons. or N = NS
Canyou explain the formation of N, molecules?

Example 5.° on dot and cr ’ for s valent molectles

Sy ) T

£ r

Draw dot structures and electron cross for (a) CH, that is a major component of natural gas (b)

H,0 that covers about 80% of the earth crust.

Problem Solving Strategy

1. Decide from the chemical formula which atom is the central atom. An atom that
contributes more electrons for sharing is the central atom. Show its valence electrons by
dots. Note the number of electrons it needs to complete octet. If the number of
electrons needed equals the other atoms, each atom will form a single covalent bond.

2. Arrange other atoms around the central atom. Connect the central atom by single bonds.

Use cross to represent electrons of the other atoms.

Check whether the arrangement of electron satisfies the octet rule.

w i A o - & P R
f S SIS IS W e Moy et | B R %
o " AT RTINS, 4 : i FO
: SREBIR L e e R R LN
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Solution:

(a}. - GH, - .
(i)  Chas fourelectrons in the valence shell and needs four
electrons to complete its octet. H has only one valence

electron and needs one electron to complete the

duplet. So C can form four single bonds with four H- Elec;ir:;md;t;“g
atoms. Cisthe central element. : H.
(i)  Connect the atoms with a dot and a cross Bt l &
(b) HO , J,
(i O has six valence electrons e} .and each hydrogen T

atom has one valence electron (H). So O-atom needs
two electrons to complete the octet. Each H needs
one electron to complete duplet.

i)  Oiscentral atom and will form two single bonds with

H-atoms.
, Electron dot and cros
(iii)  Arrange H-atoms around O and connect them by a d,agram of HO

pair of electrons (one dot and one Cross)

/\

* CONCEPT ASSESSMENT EXERCISE 5.5

Draw electron dot and cross diagram for the following molecules:

(@) NH,
(b)  HCI
(c)  CH,OH

lectron ‘cfo‘s;s‘ and dot diagi'arhs for lmolécu:les tdntainihg multiple

S e

Draw electron dot and cross d1agram for the following molecules:

() CO,,a component of air and is responsible for greenhouse effect.

(b) HCN, used as insecticide.

Problem Solving Strategy:
1. Decide from the formula which atom is to be in the center. Show its valence electronSbY

dots. Note the number of electrons it needs to complete octet.

2. show valence electron of the other atoms by cross and find the number of electrons ead‘
of the atoms needs to complete octet or duplet.
3, Connect central atom with the other atoms by electron pair or pairs to satisfy. the "d

rule.
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(NERY
o \,laun”g_ul UUHUIHS

@ ) C has four electrons in the val

octet. ence shell. It needs four electrons to complete

(i) Eachtoxygen atom has six Valence electrons and needs two electrons to have an
octe

iy Cis central atom, arrange 0- -atoms around it.

(iv) ~ Since C needs four electrons ang

therea two oxygen atoms. So it will share
its two electrons with each oxyg Lh Xy8 |

enatom.

ot :6 =-G::-6i

(b) HCN
(i) H has one, C has four and N has five electrons.
(i)  Cneedsfourand N needs three electrons. So C shares one electron with H to form

a single bond and three electrons with N to form a triple bond. This will satisfy
octet rule.

| CONCEPT ASSESSMENT EXERCISE 5.6
Dfaw electron dot and cross diagram for the following molecules:
(@)  CS,anorganic solvent that dissolves sulphur, phosphorus etc
(b)  N,acomponent of air.
(©)  CH,, ethane, acomponent of natural gas.
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Unit 5: Chemical Bonding

5.3.3 Types of covalent bond on the basis of polarity:

Non-Polar Covalent bond:
A covalent bond may form between two similar atoms such as in H,, N,, O,, Cl, etc, It ca
occur between two different atoms, as in, HCL, H,0, NH;, HCN, CO,etc. When two identica n
share electron pairs, both atoms exert the same force on the shared electron pairs,
covalent bond is called a nonpolar covalent bond. For example, bonds H-H, 0 = 0, etc, 5

polar covalent bonds.

Polar Covalent bond:

On the other hand, when two different atoms share an electron pair, both atoms exert differey
forces on the shared electron pair. The more electronegative atom pulls the shared electr,
pairs towards itself with a greater force than the other atom. Thus, the more electronegatiy
atom attracts some of the electron density towards itself. This makes it partially negatively
charged and the other atoms partially positively charged. Such a covalent bond is called a poly
covalent bond. The forces of attraction between molecules are called intermolecular forces. Fo
example,H=Cr

5.3.4 Coordinate Covalent Bond

Acocrdinate covalent bond is a type of covalent bond where the shared electron pair comes fron
a »ingle atom (called donor). Atoms are held together because both nuclei attract a pair o
electrons. Once a covalent bond is formed, it is impossible to distinguish the origin of the
electrons. Such bonding is usually observed when metal ions bind to ligands. However, nonmetal
can also participate in this bond. The reaction between a Lewis acid and a base is a covalen

coordinate bond.

Examples of coordinate covalent bonds:

1. Ammonium (NH,’) ion
The ammonium ion is formed from the reaction of ammonia (NH,) gas with hydroger
chloride (HCl) gas.In NH,+, the fourth hydrogen is attached by acoordinate covalent bont
because only the hydrogen’s nucleus is transferred from the chlorine to the nitrogen. The
hydrogen's electron is left behind on the chlorine to form a negative chloride (Cl) ion.

lat
Such,
e ngy,

B

H — H 1t
| I
H—N: + H—Cl — [ H—=N—H| Cl

H B H | ‘)

_—
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https://v3.camscanner.com/user/download

Hydronium ion (H,0")

2 when hydrogen chloride (_Hfll) gas dissolves in water to make hydrochloric acid (HCl aq.), a
g oordinate covalent bond is formed in the hydronium ion. The hydrogen (H) nucleus is
transferred to the water (H,0) molecule, which has a lone pair of electrons to form

hydronium. .
Ammonia Boron Trifluoride (NH,-BF,)

Boron tnf

So, H does not contribute any electrons to the bond.

luoride (BF;) is a compound that does not have a noble gas structure around the

poron(B) atom- The boron only has three pairs of electrons in its valence shell and requires
a pair to complete the orbital. Hence, BF, is electron deficient. The lone pair on the

pitrogén (
com

N) of the ammonia (NH,) molecule is used to overcome that deficiency, and a
plex compound forms through a coordinate covalent bond.

pu—

PN

|
H

1. Di
2. Ho

y—o7 + H—cl — [H—o—H[ + c

|
H

CONCEPT ASSESSMENT EXERCISE 5.7

fferentiate between polar and non-polar covalent bonds.
wis coordinate covalent bond different from normal covalent bond?

+
P T
P
H— N+ + l?—‘F —==b H_'l‘l_'?—F
|
H F H F 1

5.4 INTERMOLECULAR FORCES

An intermolecular force is the attractive force that

exist between the molecules.

Dipole-dipole forces

Dipole-dipole interactions occur between
Molecules. Figure 5.1 shows these i nteractions.
Youknow that paints and dyes are used to protect solid

SUrfaces from the atmospheric effects. They a ot
vl.sual appeal. Resins are used to coat materials tha

v toughness, flexibility, adhesion and chemical

pol‘ar

y also give |’
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o
A2

r&; ) The substan i : ok
%’7{{ " ce can contain atoms, ions or molecules. For example, if it contains jons (5“6'l

P f"*;‘:

..1
\
N\
A
¥a
P

resistance. For example dams, bridges, floors, tr ains, buses, cars etc are painted with rg;

synthetic resins are used where water resistance is required. Chemically, resing arens,‘
adhesive or they form bond linkages with the material being bonded together. What is the Clthe
of these linkages? iy

Notice that slightly negative end of polar molecule is weakly attracted to the slightly' POsitive
of another molecule. Such attracting forcesare called dipole-dipole interactions.

Hydronging bonding o 3 ﬁ
Molecules in which hydrogen is covalently H ?-'
bonded to a very electronegative atom such
as oxygen, nitrogen or fluorine is also \ 0
weakly bonded to a lone pair of electron of @\Q
a .
v § 0 O+

eng

another electronegative atom. This other O+
atom may occur in the same molecule or in

o+

H H*
a nearby molecule. This intermolecular
interaction is called hydrogen bonding. \ 0/ \O /

Oxygen, nitrogen or fluorine makes

L)
hydrogen very electron-deficient. Thus

interaction of such a highly electron | 6: 5‘
deficient hydrogen and lone pair on a Fig. 5.2: Hydrogen bonding in water

nearby electronegative atom compensates
for the deficiency. Figure 5.2 shows hydrogen bonding in water molecules.

The interaction of a highly electron deficient hydrogen and lone pair on a nearby highly

electronegative atom such as N, O or F is called hydrogen bond. This phenomenon is called

hydrogen bonding.

These intermolecular forces are ext
biological molecules, such as proteins,
resins etc. The adhesive action of paints an
Synthetic resins bind two surfaces together by hydrogen bondin

remely important in determining properties of water,
DNA etc and synthetic materials such as glue, paints,
d dyes is developed due to hydrogen bonding.
g or dipole-dipole interactions.

o A e

ellent chemical resistance, good adhesion properties, good heat resistance and they form
Therefore, propellers and parts of aircraft, boats, cars, trucks etc are held together by
dhesives contain partially positively charged H-atoms and oxygen atoms containing loné

Epoxy adhesives have exc
strong and tough coating.

epoxy adhesives. Epoxy @ .
pairs in their molecules. Epoxy adhesives are, therefore, sticky and can make H-bonds with other substances. Modern

aircraft, boats and automobiles such as cars, trucks etc and even in space craft epoxy adhesives are used for
assembling, saving money and reducing weight. This means glues and adhesives have become an essential item in 0¥

daily life.

5.5 NATURE OF BONDING, STRUCTURE AND PROPERTIES

Three main factors are important when determining the properties of a substance:
1. Type of Particles

w as sodium chloride), it will conduct electricity when melted or dissolved in water.

Inor

e
&

—
R i

(& CamScanner
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o
HeunLar py; mng

tobe soluble in water, the substance .
S con
The way particles are connected tq ey c,tht
er

L particles may have ionic, covalent .
the bond, the higher the melting/ l;ol;::\tall‘c' or weak intermolecular forces. The stronger
ilicon di 8 point and hardness of the substance
ample, silicon dioxi i ness o .
:Z::r;l ot;:\er atoms to fon:ea(gs;aoéz ::s Sltrong covalent bonds, connecting each atom to
e vale g 54
separate, making it very hard and difficy(t ;‘; ;:;ltcmre. The atoms in silica are difficult to
ther hand car ioxi i
gstt:i:se N ::\:]et‘:::?nttlas strong covalent bonds between the C and O atoms.
i ermolecula cules are
therefore easily separated and so CO, has a low ;3:5;:’;;"[‘:‘;2‘; (t):lrim-_The molecules
The arrangement of particles ’ .

ain ions or polar molecules.

particles may be al.’ranged in planes (for example, polymers), in layers (for example,
clays, gra;?hlte)_or n .a variety of three-dimensional networks. In graphite, atoms aré
arranged in 2-dimensional layers. This allows the layers of graphite to move over one
another (for example, graphite pencil writing). Diamonds have a large three-dimensional
network of carbon atoms, which make it the hardest substance on earth. Metals also have
giant structures. metallic bonding is stong , most-metals have very high melting and
boiling points and are thermally stable.

conduction of electricity in

ionic compounds

Electrical conductivity is achieved by the |
movement of charged particles.The ionic e
compounds cannot conduct electricity in :
the solid state because their ions remain
in a fixed position and cannot move. 'v
When an ionic compound is melted or
dissolved in water. It is ionized, its jons |
move freely in molten or aqueous |

Metallic Path *—-“—"‘

_ CanventisRal Clrrent

el
.

solution. Therefore, electricity can pass A - e

thr - ] . b e A ; ‘ I S A
ough a mo_ltén ionic compound or 1ts Fig. 5.4: Conduction of electricity through

aqueous solution. molten NaCl . :

Conduction of electricity
through acids

Covalent compounds have no free charged particles, : ! wev
Some covalent compounds conduct electricity when dissolved in water. For instance, acids like
HCl, HS0,, HNO, etc. When these acids are dissolved in water, they ionize and form high

Cncentrations of H' ions and negatively charged ions. These ions can move freely in agueous

olution. Therefore, aqueous solutions of acids conduct electricity. A
Metals are good conductor of electricity because they have free electrons. These electrons are
M0t associated with a single atom. These clectrons begin to flow under the influence of

ectricity, Therefore, metals allow electricity 0 P35 through.

o

so they do not conduct electricity. However,
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Compounds that consists of covalent molecules are called covalent compoyp d
intermolecular forces between their molecules are much weaker than the Covalents' The
Therefore, covalent compounds have low melting and boiling points. Since, their Molegy, s,
not contain any free electrons or ions, they are poor conductors of electricity. S dy

Intermolecular Forces and Their Influence on the Melting and - |
g

Points
Tables shows melting and boiling points of some common covalent and ionic compounds.

Table 5.1: Melting point and boiling points of some covalent compounds
[ Compound Melting Point (°C) | Boiling Point (°C)
Water (H20) 0 100
Mehtane (CHa) -183 -162
Ethanol (CH3CH20H) -117 78

Table 5.2: Melting point and boiling points of some ionic compounds

Compound Melting Point (°C) | Boiling Point (C) |
Sodium Chloride (NaCl) 801 1465 l
Sodium Fluoride (NaF) 996 1695 |
Magnesium Chloride (MgCl) | 714 1412 |

Covalent compounds usually have much lower melting points than ionic compounds. For example,
a common covalent compound of water has a melting point of 0°C and a boiling point of 100 °C.
The melting points and boiling points of the common jonic compound sodium chloride are 801°C
and 1465 °C. This is because ionic compounds involve breaking the ionic bond. Breaking the
electrostatic forces between ions requires large amounts of energy. Thus, ionic compounds have
high melting points and boiling points. Melting of covalent solids involves the breaking of
intermolecular forces, which are much weaker than electrostatic forces. Thus, less energy is
required to break the intermolecular forces between covalent molecules.

5.5.1 Graphite

Graphite's name is derived from the Greek word “graphein,” meaning “to write.” It is commonly
called black lead. Graphite is an allotrope of carbon. Graphite is formed when carbon i
subjected to the intense heat and pressure of the earth’s crust and upper mantle.

Structure of Graphite ‘
In graphite, each carbon atom is linked with 3 other carbon atoms by a single covalent bond
resulting in the hexagonal ring arranged in a layer. It has a 2-dimensional layers structure: Thed’
valence of the carbon atom is satisfied by weak Vander walls forces between 2 layers.

Uses of graphite

1. Graphite is a unique material since it has both metal and non-metal qualities. Moreoven !

is a soft mineral with black colour, slippery surface and lustre. These properties are duet?.
layered structure of graphite. Its major uses include:

(8 CamScanner
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i}x,

St vunumy

its stability in high te
pue to 1ts 5 8h temperatyres an
2. refractory items such as carbon refrac:;r?,n:ri‘;lemical inertness, graphite is used in many
S.

The electrodes of graphite are ye
3 anodein electrolytic processes,

Graphite is used in making moderator ’
4 tisusedin the manufacturing of varpg

&d in electrical metallurgical furnaces. It is used as an

0ds and reflector components in a nuclear reactor.
N brushes and electric motors.

Graphite mateﬁal is P | R engineerin " . st and Ournal
% pearing, pistonrings, and valves, VRSN 1 T 1 j

other applications of graphite}nclude

b paintS and pencils. metallurgy, as lubricanfs, and in the production of

(L these uses are ¢ testament to the unique properties of graphite. The patterned bonding and
layered structure make it suitable for such diverse applications.

//‘- .
Graphite Diamond

¢, 2 g 2 g 9

Fig. 5.5: Structure of graphite and dimond

5.5.2 Diamond

Diamond is an allotrope of carbon in which the carbon atoms are arranged in a c.I;amtzndhczt;:i
crystal lattice. Thanks to the presence of strong covalent bonds and a rigid tetrane

i i ed.
structure, Diamond is the hardest material ever discover

Structure of Diamond .

Inadiamond. the carbon atoms are arranged tetrahedrally. Each carbon aton;\ is afttached to f.Ol:l(;‘

b ) 10™ meter away witha C-C-C bond angle of 109.5°. It 1'5 astrong, rigi
€arban atoms 1.544 X n infinite network of atoms. This accounts for

. . : in a i A
three-dimensional structure that resulr:;tlhnand " rability and gives diamond higher dersity

diamong's hardness, extraordinary stre
timeter).

than graphite (3.514 grams per cubic cen
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Properties and uses of Diamond

The giant structure and extensive covalent bonding in diamond renders it extraordiharyh
elasticity, high yield strength, less conductivity, and chemical inertness. Owing
properties diamond has variety of applications like:

1: Diamonds are most commonly used in ornaments like rings, necklace, earrings, etc In
gem industry, the value of diamonds is very high. They are used in making jEWellt :
because of their durability and lustre property. ;

ardness
10 they,

2, Its property of hardness is useful to drill, grind or cut materials. Hence, some blades ;]sE
for cutting and drills in the industry used diamonds. They are present on the edges ang ti d
in small sizes. o

3. Diamonds are used in making medicines and beauty products. They are also used in Making

medical tools, like tools used in cataract surgery. Nano-diamonds have potential health
benefits.

4. Diamonds produce high-quality sound because they are hard and vibrate easily at high
speed. It is also used in DJ equipment and high-quality recorders.

5.5.3 Contrasting ionic and covalent compounds and their uses

The type of chemical bonds significantly influences the properties and uses of materials.

. lonic compounds are strong in compression, but they are brittle, i.e. they can break easily.
In the solid state ionic compounds are poor conductors of electricity. But when they melt or
dissolve in water, they conduct electricity due to the free movement of ions. Therefore,
batteries and fuel cells use ionic compounds as electrolytes.

. Covalent compounds with giant structures, such as diamond, quartz, silica, etc. are usually
very strong and hard. Because of its hardness, diamond is used in cutting and drilling tools.
Quartz and silicon dioxide are used in the production of abrasives. Graphite, quartz and
silica, because they are stable at high temperatures, are used to make ceramics, glass and
refractories. Most covalent compounds are poor conductors of electricity

5.6 METALLIC BONDS

A special type of bonding occurs in metals. In metals, the valence electrons are not confined to
individual atoms. These electrons are called free electrons. Metal atoms lose these electrons and

form positive ions. The free electrons can o o P
move throughout the entire metal structure. /4 4 + + +) () olecirons

This leads to the forming a sea of delocalized a ® I S / A

electrons called the electron sea. The metal | + %) (4 : 8]

cations are held together by the strong ) R + 0 ¥ ) petal o
electrostatic attractive forces between the &) o R :

metal cations and negatively charged electron *)(+)(+)(+ *)(¥%)
sea. This force gives metals their unique - & /
properties. This type of bonding is called

metallic bonding.

The properties of metals that are a consequence of metatlic bondi nginclude:
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An octet is a set of eight. In order to gain stability atoms tend to gain electron configuray
10n

of nearest noble gas.
The tendency of atoms to acquire eight electron configuration in their valence she|| wh
) en

binding is called octet rule.
lonic bonds are formed between two atoms, when one atom loses electrons and other atom

gains these electrons. The force of attraction that binds oppositely charged ions is calleg

ionic bonds.
lonic compounds have high melting points. They conduct electricity in molten state.

A bond that is formed by the sharing of electrons between two atoms is called a covalent
bond. Acovalent bond can be single, double or triple.
The interaction of a highly electron deficient hydrogen and lone pair on a nearby
electronegative atom is called hydrogen-bond.

The adhesive action of paints and dyes is developed due to hydrogen bonding.

References for additional information

« lain Brand and Richard Grime, Chemistry (11-14).

+ Silberg, Chemistry.
« Raymond Chang, Essential Chemistry.

Lawarie Ryan, Chemistry for you.

1.

REVIEW QUESTIONS

Encircle the correct answer.

(1) Which of the following atoms will form an ion of charge -2?
Mass Number Atomic Number Mass Number

24 (b) 14 28
10 20

Atomic Number

(a) 12
(c) 8 16 (d)
Which of the following atoms will not form cation or anion.
(b) (Atomic No. 17)

(d) (Atomic No. 19)

(ii)
(a) (Atomic No. 16)
(c) (Atomic No. 18)

(iii)  Which of the following atoms will form cation.

Atomic Number Atomic Number
(a) 20 (b) 18
(c) 17 (d) 15
(iv) Which of the following atoms obey duplet rule? |
@ O (b F
(c) H (d N
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(v) Silicon bel
(@) 2 Maahadean has __ electrons in the valence shell
(c) 4 :Z; 3
6

(vi)  Phosphorus belon :
gs to th - _
complete its valence shell]?rd period of Group VA. How many electrons it needs to

(@) 2 b) 3
€ 4 (d 5
(vii)  In the formation of AIF,, aluminum atom loses electrons.
(a) 1 (b) 2
(c) 3 (d 4

(vii)  Which of the following is not true about the formation of Na,5:
(a) Each sodium atom loses one electron
(b) Sodium forms cation
(c) Sulphur forms anion
(d) Each sulphur atom gains one electron

(1x) Identify the covalent compound
(a) NaCl (b) MgO
(C) HO (d) KF

(1) State octet and duplet rules.
(1) Explain formation of covalent bond between two nitrogen atoms
(111) How does Al form cation?

(iv) How does O from anion?

ectron cross and dot structure for H,0 molecule.

(V) Draw el

2 Describe the importance of noble gas electronic configuration.

4. Explain how elements attain stability?

3. Describe the ways in which bonds may be formed.

6. Describe the formation of covalent bond between two non-metallic elements.

7, Explain with examples single, double and triple covalent bond.

8. Represent the formation of cations for the following metal atoms using electron dot
diagram.
(a) Al (b)  Sr (c) Ba
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10. Magnesium oxide is acompound made up of magnesium ions and oxide ions.

Q@
(wg)(0 ) e
(9)eX0)

(@) What is the charge on these ions?
(b)  How these ions get these charges?

(c) Show with electron dot and cross diagrams
for the formation of these ions.

11. The diagrams below show the electronic structures
of an atom of calcium and an atom of oxygen.

Draw structures of the ions that are formed when

these atoms react.
12. The table below shows the properties of four
substances:
Electrical Conductivity
Substance | Melting point | |n solid In molten
state state
A | High | NL NIL
E High | NL Good
C Low | NL NIL
D High Good Good J
( Which substance is a metal?

a)
(b)  Whichsubstance is an fonic compound?
c)  Whichsubstance is a covalent compound?

(d).  Whichsubstance isanon-met.

"PROJECT

Prepare a chart displaying different types of bonds with example.

- g
R S s i S B R
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After completing this lesson, the student will be able to:
e State the formulae of common elements and compounds.
¢ Define molecular formula of a compound as the number and type of different atoms in one molecule.
* Define empirical formula of a compound as the simplest whole number ratio of different atoms in a
molecule. - ]
¢ Deduce the formula and name of a binary compound from ions given relevant information.

¢ Deduce the formula of a molecular substance from a given structure of molecules.

e Use the relationship amount of substance = mass/molar mass to calculate number of moles, mass, molar ;
mass, relative mass (atomic/molecular/formula) and number of particles.

e Define mole as amount of substance containing Avogadro's number (6.022 x 10”) of particles.
* Explain the relationship between amole and Avogadro’s constant.
.  Construct chemical equations and ionic equations to show reactants forming products, including state

symbols.
¢ Deduce the symbol equation with state symbols for achemical reaction given relevant information.

\ o _ Y,

@ CamScanner
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INTRODUCTION

What are the simplest components of wood, rocks and living organisms? This is an age-o|q
question. Ancient Greek Philosophers believed that everything was made of .an elemental'
substance. Some believed that substance to be water, other thought it was air. Some othg,

believed that there were four elemental substances.
As 19" century began, John Dalton proposed an atomic theory. This theory led to rapid progress i,

chemistry. By the end of the century however, further observations exposed the need for 4
different atomic theory. 20" century led to a picture of an atom with a complex interna|

structure.
A major goal of this chapter is to acquaint you with the fundamental concepts about matter. |n

this chapter you will learn some basic definitions to understand matter. This knowledge will help

you in grade XI.

6.1 EMPIRICAL FORMULA AND MOLECULAR FORMULA

Remember that the chemical formula of a compound tells you which elements it contains and the
whole number ratio of those atoms. In a chemical formula, the elemental symbol and numerical
subscripts indicate the type and number of each atom in the compound. The compound has

several chemical formulas. Learn about the two types of chemical formulas.

6.1.1 Empirical Formula
The empirical formula of a compound is the chemical formula that gives the simplest integer ratio

of the atoms of each element. For example, the compound hydrogen peroxide has one H atom for
every O atom. Therefore, the simplest ratio of hydrogen to oxygen is 1:1. The empirical formula

for hydrogen peroxide is therefore written as HO.
The simplest ratio between C, H and O atoms in glucose is 1 : 2 : 1. What is the empirical formula

of glucose?

6.1.2 Molecular Formula

A molecular formula is an expression that specifies the number of atoms of each element in one
molecule of a compound. This shows the actual number of atoms in each molecule. For example,
the molecular formula of hydrogen peroxide is H,0,. It shows that each molecule of hydrogen
peroxide is made up of two hydrogen atoms and two atoms of oxygen. Similarly C,H,0, is
molecular formula of glucose. It shows that every molecule of glucose has 6 carbon atoms, 12
hydrogen atoms and 6 oxygen atoms. The molecular formula of a compound shows the simplest

ratio between different atoms present in the compound.
Benzene is a compound of carbon and hydrogen. It contains one C atom for every H atom. Each
benzene molecule actually has six carbon atoms and six hydrogen atoms. Identify the empirical

and molecular formulas of benzene from the following formulas.
‘ CH, , CH
Molecular formulas for water and carbon dioxide are H,0 and CO, respectively. What are empirical

formulas for these compounds?



https://v3.camscanner.com/user/download

Unit 6: Stoichiometery

g many C??P?S?S;rsmpiﬁcal and molecular formulas are same. For example water (H,0),
carbon dioxide (CO,) ammonia (NH,), methane (CH,), sulphur dioxide (SO,) etc. Can you show it

why?
l:——, Table 6.1 Formulae of some common elements and compounds
Element Formula ] Compound Formula

Hydrogen gz Water H:0
Oxygen : Carbon dioxide C0,

Nitrogen Nz Hydrochloric acid | HC
Fluorine b Sodium hydroxide | NaOH
Chlor ne Cly Copper (l) sulphate | CuSO4
Bromine Brz Glucose CeH120s

ratios:

?

and four oxygen atoms, in this compound. Write its empirical and molecular formulas.

2. " Vinegar is 5% acetic acid. It contains 2 carbon atoms, four hydrogen atoms and 2 oxygen
atoms. Write its empirical and molecular formulas.

3. Caffeine (C,H,,N,0,) is found in tea and coffee. Write the empirical formula for caffeine.
L__.m- P LS. - : »

6.2 MOLECULAR MASS AND FORMULAMASS

Molecular mass is the sum of the atomic masses of all the atoms present in the molecule. All
you have to do is to add up the atomic masses of all the atoms in the compound. For example,

Molecular mass of water H,0 = 2(atomic mass of H) + atomic mass of oxygen
=2(1.008) +16.00
=2.016 +16.00
=18.016 amu
\ — o

(8 CamScanner
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Example 6.1: Determining molecular mass
ucose C,H,,0, which is also known as bloog S"Qar

L
Determine the molecular mass of g : .
mass of naphthalene C,,Hs, which is usedin mothballs,

1.
2, Determine the molecular

Proble ing strategy:
roblem solving strategy n by their subscripts anqg adg

Multiply atomic masses of carbon, hydrogen and oxyge
= 6(12.00) + 12(1.008) + 6(16.00)

Solution:
1. Molecular mass of CH,,0
=180.096 amu
2. Molecular mass of C,H, =12x10+1x8
=120+ 8 = 128 amu

The term molecular mass is used for molecular compounds. Whereas, the term formy|a Magg
used for ionic compounds. lonic compounds consist of arrays of oppositely charged jons fa
than separate molecules. So we represent an jonic compound by its formula unit. A f°rmulau

indicates the simplest ratio between cations and anions in an ionic compound. For example,
common salt consists of Na" and CI' ions. It has one Na" ion for every Cliion. So formula unit fy

common salt is NaCl.
The sum of the atomic masses of all the atoms in the formula unit of a substance is callyg

formula mass.

, and iﬂ

Rl
{, =Xal
£

Chloride, also called as table salt is used to flavour food, preserve meat

1. Sodium
the preparation of large number of compounds. Determine its formula mass.

2. Milk of magnesia which contains Mg(OH),, is used to treat acidity. Determine its formula
mass.

Problem solving strategy:
Add the atomic masses of all the atoms in the formula unit.

Solution:
1. Formula mass of NaCl = 1 x Atomic mass of Na + 1 x Atomic mass of Cl
=1x23+1x35.5
= 58.5amu
2. Formula mass of Mg(OH), =24 + 16x2 + 1x2
=24+32+2
= 58 amu

(8 CamScanner
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when baking soda, NaHCO, is heateq . B ooy
2 the rising of cookies and’)breada. te(écarbm} dioxide is released, which is responsible for
carbon dioxide. + Petermine the formula masses of baking soda and}
llowing compound ' ! Gy AL
3. :; Ugrea (:Hz) Csoare used as fertilizers, Determine their formula masses.
) 2 s Ak s v
A (1) Ammonium nitrate, NHNO,

[ ]
b}

Abinary fonic compound is ComPOS?d of mono-atomic metal cations and mono-atomic non-metal
anions- To write the name of .an 10nic compound, the cation is named first followed by thé name of
anion. HOW e You name cations and anions? The name of the cation is the same as the name of
the metal, butin W To—. of mono-atomic anion, the suffix ide is added to the root name of the
element. For example, sodium chloride, magnesium oxide, aluminium nitride, etc.

The follov‘ving steps are used to \fvrite the chemical formula of a binary ionic compound.
step 1. Write the symbols for the cation first and then the symbols for the anion and their charges.

step 2.Balance the charges on the cations and anions using the smallest coefficient. The total
charge on the cation must equal the total charge on the anion because an ionic compound
js patural. ¢ :
step 3. Write coefficient as subscripts for each ion. ‘
Step 4. Write the formula of ionic compound. For this leave out all the charges subscript which are
3
For example, the chemical formula of sodium chloride is written as follows;
Na"Cl’
1(+1) = (-1)1
Na,Cl,= NaCl

Example 2, the chemical formula of aluminium oxide is written as follows;

AI”0’
2(+3) = (-2)3
+6=-6

Al,O,

s oy vy 4
o e — |

(& CamScanner
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Li L Fluoride i S B ; (
s Na' Chloride by
i?ndr:‘;:ium NH4' Nitrite ‘\\‘ﬁz)\
Potassium K Bromide N
Magnesium Mt Nitrate — A\
Calcium — G Phosphate _\: P033.
Copper Cu(ll) Sulfate ;

6.4 AVOGADRO'S NUMBER AND MOLE

How do you count your shoes? Since the shoes come in pairs, you'll probably coynt the
rather than individually. Likewise, €ggs, oranges, etc. are counted in the dozens, fy Pa "Pii;,
the ream. So, the unit of counting depends on what you are counting. Chemists e rm
practical unit for counting atoms, molecules and ions. They use a counting unit Calleg mou[iei
measure the amount of a substance.

Amole is an amount of a substance that contains 6.022 x 10" particles of that Substance
experimentally determined number is known as Avogadro's number., It is répresenteq M
Just as a dozen eggs represents twelve eggs, a ream of paper represents 500 papers, 3 Mol A
substance represents 6.022 x 10” representative particles of a substance. For example 3 Mole
carbon is 6.022 x 10” atoms. Amole of sulphur is 6.022 x 10”atoms. Amole of water 6.022 4

molecules.
A mole of S-atoms A mole of C-atoms A pair of Shoes
(6.022 x 10% S-atoms) (6.022'x 102 C-atoms) a dozen eggs
Il . |

s
—— .. A B
¥ aslal ‘- ’W

-EETAE R
l T - Fig. 6.1: Amole of S-atoms, a mole of C-atoms & pair of Shoes & a dozen eggs -
What is the mass of one mole C-atoms? t., ,Technology and Si:fence

here in 32.1 g of S-
How many atoms are ther g Size of the Mole

atoms? Entire population cannot count 1 mole of coins in a year. They

need about one million year to count them. So, when counting
as # S h ;
Does a dozen €8s have the same mass as a a pile of coins, it would not be convenient to count them one

dozen bananas? Does a mole of carbon by one. The concept of mole has given a very simple method

atoms have a different mass than a mole of  to count large number of items. Mole is not only a number but
also represents definite amount of a substance. Just as 6.02x

sulphur atoms? 10”carbon atoms weigh 12 g, 6.02 x 10” coins will also havea
The mass of one mole of substance is definite mass. So, an easy way is to weigh them. If you know

the mass of one coin, you can count them by weighing.
called as molar mass. What are the molar
masses of carbon and sulphur? The term
representative particles in a substance are atoms, molecules, formula units or ions. For instanc

(8 CamScanner
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ole of water contains 6.022 x10” molecules of water.

. ydrogen contain 6.022 x 10®molecules. Carbon
tains 6,022 x 10”atoms.

m Atomi |
4.4.1 Gra C Mass, Gram Molecular Mass and Gram Formula Mass
A mole of S-atoms

(6.022 x 10 S-atoms) ; A mole of C- atoms
| ' ’ (6.022 x 10?° C-atoms)

-

#
& i

e

what is the mass of 6.022 x 10” S-atoms?
|s this mass of S-atoms equal to its

What is the mass of one mole of C-atoms?
Is this mass of C-atoms equal to its
atomic mass?

Atomic mass of an element expressed in grams is called gram atomic mass.
ls the gram atomic mass of C- atoms 12 g?

What is the gram atomic mass of S-atoms?

If each of the carbon and sulphur sample shown aboy
the samples have different masses?

atomic mass?

€ contains one mole of atoms, why do

Atomic mass of C =12amu \gram atomic mass of C = 12g
Atomic mass of Na = 23amu gram atomic mass of C = 23g
Atomic mass of Zn = 63.54amu  gram atomic mass of C = 63.54g
Gram atomic mass of an element contains 1 mole of atoms.
Therefore,

Mass of 1 mole of C-atoms = 12g
Mass of 1 mole of Na-atoms = 23g
Mass of 1 mole of Zn-atoms = 63.54g

A mole of H;0-molecules A mole of C¢H120¢-molecules

(6.022 x 10%* H;0-molecules) (6.022 x 10% C¢H1204-molecules)

18.016 180.096g

(8 CamScanner
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What is the mass of one mole of what is the mass of 6.022 x 1
I molecules of glucose?

water molecules?
Is this mass of water molecules is this mass of glucose molecyle

equal to molecular mass of water?
Molecular mass of a substance expressed in gram
Molecular mass of H,0

equal to molecular mass of Blucog

&
s is called gram molecular Mass
=2 x 1.008 + 16 '

= 18.016amu
So,  gram molecular mass of H,0 = 18.016¢
Molecular mass of C,H,0; =6x 12+ 12 x1.008 + 16 x 6
=180.096amu
So,  gram molecular mass of C,H,,0, = 180.096¢g

Formula mass of a substance expressed in gram s called gram formula mass.
An ionic compound is represented by the formula unit that represents the simplest ratio between
the ions of a compound. For example NaCl, KCl, CuSO, etc.

Formula mass of NaCl =23 + 35.5
= 58.5amu
Therefore, gram formula mass of NaCl =58.5
Formula mass of KCl =39 + 35.5
= 74.5amu
= 74.5¢

So, gram formula mass of KCl
6.4.2 Difference between the Terms Gram Atomic Mass, Gram Molecular

Mass And Gram Formula Mass
1. Gram atomic mass represents one mole of atoms of an element, gram molecular mass

represents one mole of molecules of a compound or an element that exists in molecular
state, whereas, gram formula mass represents one mole of ionic formula units of a

compound.
Gram atomic mass contains 6.022 x 10° atoms, gram molecular mass contains 6,022 10°

molecules, whereas, gram formula mass contain 6.022 x 10” formula units.

All of these quantities represent molar mass. Mass of one mole of a substance expressedin
grams is called molar mass. “Therefore, mole can be defined as atomic mass, molecular

mass or formula mass expressed in grams”.

In this section, you will learn about the chemical calculations based on the concept of mole

and Avogadro's number.

(& CamScanner
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434 Mole-Mass Calculations

Zxamplé 6.3; Calculating mass of one .nwle,ef.a.substa.nté e

caluiate the malar asses of (2) Na A(b) Nitrogen ~(c) Sucrose C,Hy0,,
problem solving strategy: ‘ , s 0

If an element is a metal then its molar mass s its atomic mass expressed in gnams (gram atomic

mass). If an element exists as a molecule, its molar mass is its molecular mass expressed in |
grams (gram molecular mass). 3 ' o ; :
: : |
|

golution:
Atomic mass of Na= 23amu
1 mole of Na=23g
b) Nitrogen occurs as adiatomic rnolecules.

a)

Molecular mass of N, =14x2
=28 amu
Therefore, mass of 1 mole of N, =28¢g
¢  Molecular mass of C,H,,0,, ’ = 12x12 + 1x22 + 16x11
=144 +22 + 176 =342 amu
Therefore, mass of 1mole of sucrose =342 i

CONCEPT ASSESSMENT EXERCISE 6.4

Calculate the mass of one mole of: { bn
(a) Copper (b) lodine (c) Potassium (d) Oxygen

-

Differentiate between gram formula mass and gram molecular mass.

f moles of a substance

Oxygen is converted to ozone (0,) dunng thunder storms. Calculate the mass of ozone 1f 9.05"
moles of ozone is formed in a storm?

Problem solving strategy:
Ozone is a molecular substance. Determine its molar mass and use it to convert moles to massin

grams.
9.05 molesof O, ——> ?gof
Solution: , ,
1 mole of O, =16 x 3
=48 g
1 mole of O, =48 ¢
S0, 9.05 moles of O, = 48 g x9.05
=434.4g of O,
N ——

(8 CamScanner
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V ; sdd, If 0,25 moles of o
Example 6.5 When natural gas burns CO, I torme d. 1 ‘ Of €O i
mass of CO. IS produced?

Problem solving strategy:

Carbon dioxide is a molecular substance.
moles to mass in grams
0.25 moles of €O, —* ? g of CO,
Solution:
Molar mass of CO, =12+16x2
= 44g
1 mole of CO, =44g of CO,
So, 0.25 moles of €O, =44x0.25
= 11g of CO,

Example 6.6: Converting grams to moles

How many moles of each of the following substance are present?
(@)  Aballoon filled with 5g of hydrogen gas.
(b)  Ablock of ice that weighs 100g.

Problem solving strategy:
Hydrogen gas and ice both are molecular substances. Determine their molar ma

molar mass of each to convert the masses in grams to moles.
mass —> ? moles

Solution:
a) Molar mass of H, =1.008 x 2
=2.016¢
1 mole of H, =2.016¢
So, 2.016gofH, = 1 mole of H,
1gofH, 32_315 moles of H,
S5gofH, B i.(—;fﬁ x5 moles of H,
= 2.48 moles of H,0
b) 1 mole of H,0 =2x1.008 + 16
=2.016 + 16
= 18.016g
1 mole of H,0 = 18.016g
So, 18.016 g of H,0 = 1 mole
1g of H,0 = m‘;‘éu moles

Determine its molar mass ang ysq ™ |
o |
y

(& CamScanner
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= 1
18.01¢ X'%0moles.

or bleaching hair is H,0,. Calculate (a) Mass

1. ;
of this compound that woul ;
‘? contain 2.5 moles. (b) No. of moles of this compound that

would exactly weigh 30g.
Aspoon of table salt, NaCl contains 12.5gra
it contains. m

gefore the digestive systems X-ra : '
: rayed, ¢ s
barium sulpf}ate BaSO, Calculate mass 'ofpoer:)éJ rl:o:ifr ;:llsig P
. e
. J

s of this salt. Calculate the number of moles!

\—— "
6.5.2 Mole-Particles Calculations

R il A g LA T A T T T T T AT T T ST T T T T
;‘ﬂb;i'iﬂ.?{!m‘ld&%ﬁf ato l«;ﬁ B L SR ED T

\ e .d
Pl R TS S MNEESR B T ; ! J‘—‘YLJ ‘Mol At .
ASALIREE o (o MEEE SRR ;-\..?\.‘:5!&;&:@&:,4;:2’%;3‘_}14@ b a'w;j'!., :’*'&; e K N

7n is a silvery metal which is used to galvani ik - ‘
. ze steel to prevent '
atoms are there in 1.25 moles of Zn. i corrosion. How many

3, Athinfoil of aluminium (AL) is used as wrapper in food industries. How many atoms are
present in a foil that contains 0.2 moles of aluminium? '

problem solving strategy:
RO LT thakymbois £n and Al stand for one mole of Zn and Al atoms, respectively.

Solution:
1. 1 mole of Zn contains = 6.022 x 10® atoms
1.25 moles of Zn contain = 6.022 x 10® x1.25
=7.53 x 10” Zn atoms
2. 1 mole of Al contains = 6.022 x 10” atoms
So, 0.2 moles of Al will contain = 6.022 x 10” x 0.2

= 1.2044 x 10" atoms

L. Methane (CH,) is the major component of natural gas. How many molecules are present
in0.5 moles of a pure sample of methane?
2. Athigh temperature hydrogen sulphide (H,S) gas given off by a volcano is oxidized by air
to sulphur dioxide (So,). Sulphur dioxide reacts with water to form acid rain. How many

molecules are there in 0.25 moles of SO,?

Problem solving strategy:

4 ' 23
Remember that CH, is a molecular compound, thus, 1 mole of methane will have 6.022 x 10

N

" -4 Y
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e mole will also hayg ¢ .
' g

molecules, Similarly, SO, is 2 molecular'co'mpound, its on

molecules.
Solution: :
! ' = olecu
1. 1mole of CH, contains 6.022 X110(:: rr; : les
- So, 0.5 moles of CH, will contain =6.022 x 107 x 0.
’ ' - 3.011 x 10° molecules
23
2, 1 mole of SO, contains =6.022 x 10 23molecules
S0, 0.25 moles of SO, will contain = 6.022 x 10°x0.25
= 1.5055 x 10" molecules

T 4.‘;1’-(#:;;"‘?:‘: \‘ "*r_' : ’.f"‘;,’-{
1 ofmoles i he glfen MUITBec et atoms
aircrafts and jet engines, Calcy
te

Example 6:9: Calclating the nunbe

Titanium is corrosion resistant metal that is used in rockets, b
the number of moles of this metal in asample containing 3.011x 10 Ti-atoms.

Problem solving strategy:
Remember that 1 mole of an element contains 6.022 x 10”atoms.

Thus,

6.022 x 1023 atoms = 1 mole
3.011 x 1023 atoms —— 7 moles

Solution:
6.022 x 1023 Ti atoms = 1 mole of Ti

. 1 )
1 Ti atom = il moles1of Ti

3.011 x 1023 Ti atoms = 6.022x 107
= 0.5 moles of Ti

o e o— —— ’ ——
% 3 - - g r ¥ i X ise et
i PR V08 J PR, gy L o B S i : R . ek R o o |
ik {cLHating numpe orrn S 1N tr 1 T .“1‘
4 o LG i 4 1LY ! ViCa 11 U AL M
WY 2 $ 1t An 3 el
SPLERE | . - - k».o“

P

x 3.011 x 10” moles of Ti

35 4,

Formaldehyde is used to preserve dead animals. Its molecular formula is CH,0. Calculate the
number of moles that would contain 3.011 x 10" molecules of this compound. '

Problem Solving Strategy:
Remember that 1 mole of any compound contains 6.022 x 10* molecules.

Thus,
6.022 x 10" molecules = 1 mole of compound
3.011 x 10” molecules —— ? moles
Solution:
6.022 x 10° molecules =1 mole of formaldehyde
1 molecule =m moles of formaldehyde
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.011 x 1022 molecules A il T TSR 3 , :
- : . 6.022 x 7o X 3.011 x 10™ moles of formaldehyde

=0.05 moles of fbrmaldgh)(de

CONCEPT ASSESSMENT EXERCISE 6.5

L.} i L F 1 (3 "
Aspirin 15 & compound that contains carbon, . hydrogen and oxygen. It is used as a

painkiller. An aspirin tablet contains 1,25 y 1o® - :
compound are present in the tablath X 10” molecules. How many ‘r_r.\c‘:lgs of this

2. Amethod used to prevent rusting in shi
the iron to a block of a more active

»

Ps and underground pipelines involves Cohnecting

: 3 metal such as magnesium. This method is called

cathodic protection. How many moles of ) g : 9
ma

e GETYARBET e, gnesium are present in 1 billion (1 x 10°)

ey FP A LD

= & 2 ¥ o w g o
P © FER TR " \ e 13 nk"r
O.v . g VO A LTS L RN

The symbolic representation of a chemical reaction is called chemical equation. The reactants in
a chemical equation are the substances that initiate the chemical reaction, and the products are
the substances that are formed during the chemical reaction. Reactants are always written on
the left of the equation and products on the right, an arrow between them is used to show the
direction of the chemical change.

For writing a chemical equation, follow the following steps.

step 1. Identify reactants and products and write word equation for the reaction. Represent
chemical equation is as follows:

Reactants — Products

Step 2. Write the symbols and formulae of reactants and products. Indicate their physical states
in parenthesis. Use s for solid, | for liquid, g for a gas and aq for aqueous. '

v A AR e
L CNE

: 7% T o s
‘represented
DA R DR e SN,

1. Burning of hydrogen(H,) to produce water.
3 Burning of magnesium(Mg) to produce magnesium oxide(MgO).

6.6.1 Balancing a chemical equation

A chemical reaction only changes the arrangements of atons.The number of atons remains the
same. Count the number of atoms of atoms of each type in the following equation:

Cm + OZ(gl i COZ(S'
Reactants Products
1C-atom 1C-atom
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2 O-atoms & Q-atbms

e on the reactant side
Note that the number of atoms of each type are the same  Sa iR and the >
Side. Such a chemical equation is called a balanced chemical eq -How cap,

Yoy bala(:%"?

Chemica| F€action, it is unbalanced? e,
Consider the following reaction;

CH,, + 0, — €O, *HO,

Reactants Products

1C-atom 1C-atom

4H-atoms 2 H-atoms

20-atoms 3 0-atoms
C-atoms are balanced, but H and 0- atoms are unbalanced.
Balance one element at a time. To balance the chemical equation use co-effic.ients, AlWays "
With the lowest co-efficient. Remember that you should not change subscripts i, 4 Cheny; c:(
formula, I
Step 1:-

Put a co-efficient “2” before H,0 to balance H- atom:s.

CH«;) * 0y - CO.(, +2H,0,
Step 2:-

Now balance O-ato
before 0,

CH

ms. There are 20-atoms on the left side and O-atoms on the right sige. Puty

4@ t zozm = Coz(g) +2H20

(U]

Step 3:-

Now check the equation again, it is balanced.
0.6.2 Exploringionic equation

A chemical equation in which substances dissolved in water are written as individual ions is called
anionic equation. For example,

HCl,, + NaOH,, — NaCl, + HO,,
Write the substances that are soluble in water in their dissociated form.

H"(aq) + Cl'(aq) +Na"(aq)+OH'(aq) -, Na"(aq) +CI'(aq) + H,01)
Remove common ions from both sides. These ions do not actually take part in the chemicl
reaction and are called spectator ions, Write netionic

equation.
Hq(aq) b OH‘(aq) — H0,
1} i1l ._“4 1
Mg, + H,SO,., — MgSO, + H,
Mgm % 2H1'(aq) + 5042.1aq) = Mgz‘(aq) + 5042-(”) +* Hllg)

Mg(;) & ZH“(BQl =5 Mgz’(aq) +H

2(g)



https://v3.camscanner.com/user/download

Unit 6: § oichiomeftery

CONCEPT ASSESSMENT EXERCISE 6.7
_sform the following chemical -equations into ionic equations. .
&5 1os ; AQNO,M, + NaCI § gl ey ASC|N+ NaNO,m,

hue T ZHCIM = anM) +H

2(g)

6.7 “MOLECULARAND STRUCTURAL FORMULA

structural formula of a compound shows the arrangement of atoms present in it. Whereas a
molecutar formula shows the number of atoms of each element. For example,

Structhal formula of n-Butane is CH,-CH,-CH,-CH, and its molecular formula s CHyo-

How can you write the molecular formula of a compound from its structural formula?

Follow the following steps:

1. Identify different types of elements present in the structural formula.
2 Write symbols of these elements side by sideinaline.
| : Count the number of atoms of each element from the structural formula.
4 Show this number of atoms as subscri pts of symbol of corrosponding element.

CH, CH CH OH
v Solution:  C,H,0

CONCEPT ASSESSMENT EXERCISE 6.8
write the molicular formulae of the following compounds, EEARY

|

| 1.  CH,-CH,-OH
| 2. CH,-CH-NH,
& 1 eHLBCH il

* Chemistry is the science of materials of the universe.

* The branch of Chemistry that deals with laws and theories to understand the structure and
changes of matter is called Fhysical Chemistry. ;

* Anelement is a substance all the atoms of which have the same atomic number.

* Acompound consists of two or more elements held together in fixed proportions by chemical
bonds.

Chemical formula of a compound that gives the simplest whole-number ratio between
atoms is called empirical formula.

k J
\

< ' N il
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* Molecular formula of a compound gives the exact number of atorns present ina
* Molecular mass is the sum of atomic masses of all the atoms pr esentin the Moleg, Ul e

* The number of representative particles in one mole of the substance is known asg,

Number, ’ adf%
* The amount of matter that contains as many atoms, ions or lr)nol:jecules as be
atoms in exactly 12g of C-12 is called mole. Mole can also be defined ag at '01

molecular imass or formula mass expressed in grams. |
* Atomic mass of an element expressed in grams is called gram atomic mass.

* Molecular mass of an element or acompound expressed in grams is its gram molecu[

\>_Gram formula mass is the formula mass of a substanceingrams. —

B s \\
References for additional information '

* Zumdahl, Introductory Chemistry.
* Raymond Chang, Essential Chemistry.

REVIEW QUESTIONS
I Enci
(i) What is the formula mass of CuS0,.5H.,0. (Atomic masses: Cu=63.5, S=32, 014
H=1) '
(@) 159.5 (b) 185.5
() 249.5 (d) 149.5

(i) A compound with chemical formula Na,CX, has formula mass 106 amy, Atomic
mass of the element X is:

(a) 106 (b) 23
(c) 12 (d) 16

(1)) How many moles of molecules are there in 16g oxygen gas?
(a) 1 (b) 0.5
(c) 0.1 (d) 0.05

(iv)  What is the mass of 4 moles of hydrogen gas?
(a) 8.064g (b) 4.032¢
(c) 1g (d) 1.008¢

(v) What is the mass of carbon present in 44g of carbon dioxide?
(a) 12g (b) 6g
(c) 24g (d) 44g

(vi)  Which term is the same for one mole of oxygen and one mole of water?
(a) volume (b) mass
(c) molecules (d) atoms

(8 CamScanner
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If one mole of carbon cont’ains.x é
in 12g of Mg?

X
(a) (b) 0.5x

(c) 2x
' : d) 1.
e short answer. (d) 1.5x

What is mole?

(vii) toms, what is the number of atoms contained

Giv
(i)

i - Qpterentate between empirical formula and molecular formula.
(i) What is the number of molecules in 9.0 g of steam?

(iv) What are the molar masses of uranium -238 and uranium -2352 ‘

(v) :‘n/;‘iz;‘?e mole of hydrogen molecules and one mole of H-atoms have different

e jon, molecular ion, form i : : ' '
Deflnfe g S ’ ula unit, free radical, atomic number, mass nummber,
atomic mass unit.

pescribe how Avogadro’s number is related to a mole of any substance.

Calculate the number of moles of each substance in samples with the following masses:
(a)2.4gof He (b) 250 mg of carbon ; |
(c) 15 g of sodium chloride (d)40g of sulphur

(e) 1.5 kg of MgO

Calculate the mass in grams of each of the following sampies:

(a)1.2 moles of K (b) 75 moles of H,

(¢)0.25 moles of steam (d) 1.05 moles of CuS0,.5H,0

() 0.15 moles of H,S0,

Calculate the number of molecules present in each of the followirg samples:

(a) 2.5 moles of carbon dioxide (b) 3.4 moles of ammonia, NH,

(c) 1.09 moles of benzene, - (d) 0.01 moles of acetic acid, CH,COOH

Decide whether or not each of the following is an example of empirical formula:

(a) ALCI, ’ (b) Hg,Cl, Ty

(c) NaCl (d)CH,.O

TNT or trinitrotoluene is an explosive compound used in bombs. Its molecule contains 7 C-
atoms, 5 H-atoms, 3-Natoms and 6 O-atoms. Write its empirical formula.

A molecule contains four phosphorus atoms and ten oxygen atoms. Write the empirical
formula of this compuund. Also determine the molar mass of this molecule.

Indigo (C,H,,N,0,), the dye used to colour blue jeans is derived froma compouhd known as
indoxyl (C,H,ON). Calculate the molar masses of these compounds. Also write their

empirical formulas.

| N T
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12.

13.

14,

15.

16.

e that has formula niass of 133.5aniu.

Identify the substanc

(a) MgCl, (b) S,.Cl,

(c) BCl, (d) AICI,

Calculate the number of atomsin each of the following samples:

(a) 3.4 moles of nitrogen atoms (b)23gofNa

(c) 5gof Hatoms

Calculate the mass of the following:

(a) 3.24x 10" atoms of iron (b) 2x 10" molecules of nitrogen gas
(d) 3x 10°atoms of Al

(c) 1x 10® molecules of water
Balance the following chemical equations
(@) Nay+ HO, NaOH,, + Hi

(b) NH3(§) Nl(g) * HZ(s)
Potassium is Group 1 element. It is silvery white metal. It burns in air and f,

potassium oxide and potassium nitride. The nitride ion is N*and oxide ion is 5
(a) Predict the formula of petassium oxide and potassium nitride.
(b) A0.5gsample of K was added in 100 cm’ of water.
Ko+ H0, KOH,q + Hig
Show that 1.28x10?mole of K were added to the water.
(c) Balance above chemical equation.
(d) Transform above chemical equation into ionic equation.
(e) Calculate the number of atoms present in the sample of K.

Img both
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After completing this lesson, the student will be able to;

e Define redox reactions as simultaneous oxidation and reduction in terms of transfer of oxygen,
hydrogen, electrons, and changes in oxidation state.

* Useroman numerals to indicate oxidation number of an element in a compound.

¢ |dentify oxidizing and reducing agents in redox reactions.

* Recognize that the oxidation number of elements in their free state is zero.

* Derive the formula of ionic compounds from ionic charges and oxidation numbers.

* Identify the oxidation number of a monoatomic ion is the same as ghe charge on theion.

* Explain that the sum of the oxidation numbers in a neutral compound is zero.

Explain that the sum of the oxidation numbers in an ion is equal to the charge on the ion. _
Identify the redox reaction by the colour changes involved when using acidified aqueous potassium
manganate(VIl) to (Il) or aquous potassium iodide.

* Define corrosion and discuss methods to prevent it. (Some examples may include barrier method such
L'\fsing paint, galvanizing, electroplating, sacrificial protection such as using magnesium blocks in ships.

A A B A o8 R A e
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INTRODUCTION |
ox) are fundamental chemical processes that Play ,

Oxidation-reduction reactions (red . \ =N : |
role in a variety of natural phenomena and industrial applications. Th!s ChaPFer exami':s\(
: actions, such as the rusting of iron objects, thep b

commonalities between different redoxre 4 in human and ani
: nlma[

: i res, and the metabolism of food 1n ke B

of fuel in car engines, forest fires, duction of electricity in batteries :

] i jons in the pro _
addition, the importance of redox reactions in : ' : &
decolorization of substances with household bleaches, and in the industrial Prodygy &
important metals and chemicals is discussed. _ v

stry is batteries and fuels cells, Whig
%

One of the most important application of electrochemi
chemical energy to generate electrical energy.

7.1 OXIDATION AND REDUCTION
We can define redox reactions in terms of transfer of oxygen, hydrogen, and electron, In et

reactions oxidation and reduction occur simultaneously.
7.1.1 Oxidation-Reduction in Terms of Loss or Gain of Oxygen

1)
"\

Oxidation is gain of oxygen and reduction is loss of oxygen
In steel mills iron ores, usually oxides of iron are converted to the pure metal commercially

reaction with coke (carbon) in the blast furnace. The carbon first reacts with air to form Carty

monoxide, which in turn reacts with iron oxide as follows.

Fe,0, + 3C0 —— 2Fe + 3CO,

Which substance in this reaction is losing oxygen? Which substance is gaining oxygen?
COis gaining okygen, so undergoing oxidation.

Fe,0, is losing oxygen, so undergoing reduction.

7.1.2 Oxidation-reduction in terms of transfer of hydrogen

Oxidation is loss of hydrogen and reduction is gain of hydrogen
Acetylene (C,H,) is commercially used for cutting and welding metals. When acetylene burns, i
produces a very hot flame known as oxy-acetylene flame. Following reaction takes place whentt

burns.
2CH, +50,—>4C0, + 2H,0

Which substance is losing hydrogen? Which substance is gaining hydrogen?

C,H, is losing hydrogen, so unregoing oxidation.

0, is gaining hydrogen, so undergoing reduction.

7.1.3 Oxidation and Reduction in Terms of Transfer of Electrons
Oxidation is loss of electrons and reduction is gain of electrons.

Forexample, consider the following reaction.

(&Y CamScanner
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Cuo. + In 5 Gy Zn0
per(")O"ide and  zinc(ll)oxides are both ion
tion-

ea?

ic compounds. Rewrite this equation as ionic

Cuz‘ + 01' + zn T Cu + znZQ e oz_
eions are spectator ions, so net €quation is;

id
oxt W +7Zn — Cu + I
 jons are gaining 2 electrons to form Cu.
Cue undergoing reduction. The oxidation num
r

ectrons and undergoing oxidation,

Its Oxidation state changes from +2 to zero. So Cu®"

ber of zn is increasing from zero to +2, so Zn is losing
26l

Cl_.|4 + 202 B C02+ ZHZO + heat
|dentify the element undergoing oxidation.

problem solving strategy:

|dentify the substance that gains O-atoms or loses H-atoms.

Solution:

since C in CH, loses H-atoms and combines wit , thus C atoms undergo
oxidation. At the same time O-atoms combine with H-atoms to form H,0, thus O-atoms
undergo reduction

Redox in Photography
Aphotographic film is basically an emulsion of silver bromide, (AgBr) in gelatin. When the fitm is exposed to light, i
Silver bromide granules become activated. This activation depends on the intensity of the light falling upon them.

hat is actually a reducing agent. Hydroquinone which is amild

reducing agent is used as developer. In hydroquinone the activated granules of silver bromide are reduced to black

metallic silver. Reduced silver atoms form image.

Ag' +1e — Ag,

Inactivated silver bromide is removed f rom the film by using a solvent called a fixer. Sodium thiosulphate is used for

this purp_se. The areas of the film exposed to the light appear darkest because they have the highest concentration
of metallic silver. Thus photography involves oxidation-reduction reaction.
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XERCISE 7.1
e following reactions;

CONCEPT ASSESSMENT E
dergoing oxidation and reduction in th

Identify elements un
1. N, +3H ———-)‘ZNH,_
2. W0, — 2H,0
3. Fe,0,+3C0 —> 2Fe+3C0;
4

. 4AlL + 302 -———" 2Al;°3

0

In th fl!owmg reaction ldentlfy Wthh element is oxndlzed and Wthh element S redyceg
2Ca+0, —> 2Ca0

Problem solving strategy:
Ca being metal forms cation by losing electrons (oxidation) and oxygen being NON-met,

gains electrons (reduction) to form anion.

Solution.
Remember that Group IIA metals form M¥ cations, and that Group VIA non-metals form y
anions. This means in this reaction each Ca atom loses two electrons to form Ca* , 50 it
oxidized. Each oxygen atom gains two electrons to form 0%, soitis reduced.
2Ca —>2Ca” +2e (oxidation)

0, +4e —— 20" (reduction)

In the followmg reactions, 1dent1fy thCh element is ox1dlzed and Wthh element is reducedm

terms of electron transfer.
4Na+0, —> 2Na,0
2AL+3Cl, —> 2AlCL,

\ s N5 I 4
ST;“ﬂ*ES

7.2.1 Oxidation States
Oxidation state or oxidation number is defined as the number of charges an atom will have
amolecule or acompound.

The elements that show an increase in oxidation number are oxidized. The elements that show?
decrease in oxidation number are reduced. Do you think H in HCl is oxidized and Cl is reducé®
.Comparison of oxidation and reduction processes is given in table 7.1.
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7,2.2 Rules for Assigning Oxidation Statec

1.

Table 7.1: Process leaging mm—
rocess leading to oxidation and reduction
Oxidation T ——

Reduction

Gain of oxygen \1\
W 0ss
Loss of hydrogen Tif oxygen
ain
Loss of electrons \.‘Jf hydrogen
Gain of electrons

Increase in oxidation number T =———
umber - "
Decrease in oxidation number

or Numbers

xidation state i
The 0 of any uncombined or free elements is always zero e.g., oxidation

state of Zn, Na, HinH,, Sin S, etc is zero,

In simple ions, oxidation state is same as thei|
i eir charge e.g., oxidati :
CainCa” is+1and +2 respectively. argee.g., oxidationstate of Nain Na“and

In a complex ion the sum of oxidation states of atoms is equal to the charge on their on.

e.g., in CO,", the sum of oxidation states of ¢ and 3 ‘ ' i .
. nid 0 -2. n
cum of oxidation states of N.and 4H atoms is + atoms is -2. Similarly, in NH,", the

The OXidlatiOF(lj nhumber of each of the atoms in a molecule or compound is counted
separate yan t elr 'algebr.a1c sumis zerg e.g., In HCl, the sum of oxidation states of Hand
Cl atoms is zero. Similarly in CO,, the sum of oxidation states of one C and 2 oxygen atoms
is zero.

Table 7.2 shows the oxidation states of some of the elements in binary compounds which rarely

change.

Table 7.2: Oxidation states of some elements in
binary compounds that rarely change

Elements Oxidation State

Group- 1 +1
?roup- 2 +2
Group- 13 +3

H +1 (except in metal hydrides where it is -1)
Group-17 | -1
(0] : -2(except peroxides and in OF;)

Monoatomic ions and their oxidation numders

The oxidation number of a monatomic ion is equal to its charge. For example,
aNa atom has lost one electron to gain a +1 charge. 5

chlorine atom forms a Cl” io
number is -1. The oxidation number of an atom is the number of electr

gained. Because a monatomic ion is for

Na’ is formed after
o its oxidation number is +1. Similarly, a

n after gaining one electron to obtain a -1 charge. So its oxidation
ons the atom has lost or

med by the gain or loss of electrons from a single atom, its

charge is equal to its oxidation number..

-
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ici ir oxidation numders :

ic ions and their oX o
Polyatom of the oxidation numbers of all the atoms is equal to tq %
S ion the oxidation numbers of carbon and oxygen arq i a%
ber of one carbon atom and three OXYSen nd'll

In a polyatomic ion, the su

. 2

the ion. For example, in CO, .
' idation num

tively. So, the sum of the oxi : g
\r:ossledc be 1)(,4-4) +3(-2) = -2 whichisthe charge on the ion. t“’a

7.2.3 Determining the Oxidation Number of an Atom in a Compoun

i i ine the oxidation
Let's see how to use rules discussed in section 7.2.2 to determ nu"‘bErof
atom of an element in a compound. ,,

oxidation state of Crinit.
Problem Solving Strategy: ) |
Use rules 1 to 4 and table 7.1 to get as many oxidation numbers as you can. Use o4y
get oxidation'number that has not been assigned. '

Solution:

1. The oxidation number of K is +1, since it belongs to Group-1. There are 2

K atom
therefore, overall oxidation number for K is 2(+1)=+2
There are 7 oxygen atoms, therefore overall oxidation stateforQis 7(-2) =-14

3. Suppose oxidation for Cr is x, since there are two Cr atoms, therefore, overall Oxidatioy
sate for Cris 2x.

4. The sum of oxidation numbers must be zero.
+2+2x + (-14) = 0
2x-12=0
2x =12
X = +6
Thus oxidation state for Cr in K2Cr207nis +6

Boric acid H,B0, is used in eye wash. What is the oxidation state of B in this acid?
Problem solving strategy:

Use rules and table 7.2 to get the oxidation state of H and O- atoms. Use rule 4 to
get the oxidation state of B.

Solution:

There are 3 H-atoms, therefore, overall oxidation state for H is

3(+1) = +3

R o s :

(8 CamScanner
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ere are 3' O-atoms,

t
2 b 3(-2)=-6 i overall oxidation state for O is
: suppose the oxidation state for B i
: total oxidation st : ,
4. L +3+X+(-6) = ?)tes Froite atoms must be zero.
+3+x-6=0
x-3=0
x=3

s the oxidation state for B in H,80,is + 3

CONCEPT ASSESSMENT EXERCISE 3.1

one major pro?lem of air pollution is the formation of acid rain. Air pollutants such as 50, and
0, combine f”‘th oxygen and water vapours in the air to form H Sb and HNO,. These acids f;ll to

lthe ground w1§h the rain, making the rain acidic. Clouds can alsc; ab4sorb the a:.ids and carry them

hundreds of |.<1lom_eters away fme where the pollutants are released. Determine the oxidation
ymber of NinNO; and HNO,, $in SO, and H,S0, . it

R 2 T RS & .
b o S
- R T

X5 «,:A; "’,.’?;??4'2";!}’?:‘ 3’,;{.‘-""",",: 259 R T BRESPT
tonnumber ofan element inanion.”

’Mrk.:-N"! - s Data
Examp! o5

LT
LY 5,‘:’*“1: s ey

what is the oxidation number of C in carbonate ion, CO,* ?

problem Solving Strategy:
@ Use rule that oxidation number of O is -2
(b) Use rule 3 to find oxidation state of C

Solution: |
Suppose oxidation stai? of C=x
x +3(-2)=-2
x-6 =-2
x=6-2
x=4

Thus the oxidation of C in carbonate ion is +4

" CONCEPT ASSESSMENT EXERCISE 7.4

Determine the oxidétion state of

1. Sinsulphate ion, SO,

2. Pin phosphate ion, PO,”
\_ 3. Ninammonium ion, NH,"

B } - B
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3 i % b A Y X
. e AN, IONIC COMPOUND . ‘
T ~Didi it A (i AR B ) 5 ;
7.3 FORMULA U¥ A ompound from the fonic charges and O);ldatmn ny
cc J er ratio of catj I
hOle numb Ons pOSi 30{

joni
ine the formula of an 107 =~ implest W
To detem_"n ; ou must determiné the Sme esults in a neutral compg tiy
the constituent ions, Y ely charged jons) that r ; Ung. ,Q‘v
(negative y t the total positive charge of the cationSi °ni‘

(, meaning tha

charged ions) to anions
anions. Let'sgot

compounds are electrica
to the total negative charge of the

& 'de : '
Example: Calcium chlori : . Consider, for
he compound and their charges Examplg thy

Step 1: Identify the jons in tZ
combination of calciumions (Ca")

ly neutra hrough step by step to derive the formu[saeq

and chloride ions (Cl).
ges needed to balance each other. In this case, calciyp ?
ge of -1. You need two chloride ions for every calcjyp, ionsta

0

Step 2: Determine the ratio of char
charge of +2 and chloride has a char

T —_ ts the relationship defined in §
3: Write a formula with assignments that represents NStep). The

Step '
formula for calcium chloride is CaCl,.

Example: Magnesium oxide
, 4 2+ " .
Step 1: Identify the ions and their charges - magnesium ions (Mg™") and oxide ions (0*)

Step 2: Determine the charge - the magnesium has a charge of 2 and the oxide has a charge of

Thus, one magnesium ion is required for each oxide ion.

Step 3: Write the formula - MgO.

Example: Aluminum sulphate

Step 1: Identify the ions and their charges—aluminum ions (Al’) and sulphate ions (50,")

Step 2: Determine the charge - aluminum has a charge of +3 and sulphate has a charge of -2, o,
need two aluminum ions for every three sulphate ions to balance the charges. ,

Step 3: Write the formula - AL,(S0,)..
It is important to remember that when writing a formula, parentheses must be used to add

polyatomic ions when more than one is needed to balance the charges. By following these steps
and understanding the charges on the ions, you can derive the formulas of various ionic

compounds.

J i ’
f ands 180

Roman numerals are used to indicate the oxidation states of elements in compounds, when a
metal exhibits variable oxidations in compounds. For examples in transition metal compounds.
CuSO, is written as copper (1) sulphate. |

FeCl, is written as iron (I) chloride.

FeCl, is written as iron () chloride

An oxidizi i
fro::‘;flﬂﬁg agentis a substance that causes another substance to oxidize by taking electron
- IL1s often called an electron acceptor because it accepts electrons during a reactio

e e T
Ml ——
stsios S J
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¥/ ., agents themselves are reduced }
'O”id;z::,goxi%izmg agents are oxygen (Oz:?n:gr;:nmes.s (they i.?.a;u;‘l el_ectrt::rls).a':arw of | !
Carr?n  ganate (KMr?O,). Areducing agen s , oy t[;erox\de (H.0,), chlorine (CL,) Pﬂta‘:l::

P ced bY f’°"a;‘tmg elsctro.?s Lo it It is often c:::dﬂ:\t :’xon donor because it losss

ecto™ dunngEia;relaecs :)(;nc:o by, agents themselves are oxidized in the process (they

¢ gelectons): BT B CHMMON reducing agents include hydr (H,), metal hydrides

105¢ " <NaBH,), car on monoxide (CO), ang metals such as zinc (Zn)(;gr;n‘a?fmiml’n (AD). it.

queh : :
B xample, in the reaction between sodiym ang chlorine to form sodium chloride
2Na+Cl, —, onact

- AC ‘-."\VEKL}“/’ 7 R T >

e S S R I
e R e T

7

prepare SOlUti‘;ni thf)irtr?lsscsugphate (FesO,) éﬁd poEassnur:n “bé‘f;{;anganate (.) in separate
akers. Transte pop (;n of ferrous sulphate solution in a test tube. Add about 10 cm’ of
4ill, H:S04 1 it. Now add few drops of KMnO,solution in the test tube. What happens?

eSO, reduces .KMnO.,, so its purple colour js discharged. KMnO, oxidizes FeS0, in this reaction.
FeSO, is reducing agent whereas KMnO,is oxidizing agent

Acolor change during a chemical reaction may indicate a redox reaction.

potassium permanganate (V1) is an oxidizing agent.

often used to test for the presence of reducing agents.

when acidified KMnO, is added to the reducing agent, it changes from purple to colorless.

The above reaction discharges the purple colour of KMnO,

Therefore, the solution must contain a reducing agent that reduces MnO,’ ions (purple) to Mn™

T e R e TR T
.«‘—“

- S

ions (colourless).
During this reaction, the oxidation number of Mn changes from +7 to +2.

e e

]
|
e
i

R
i

Prepare an aqueous solution of potassium iodide and transfer it toa 10 cm' test tube. Add about

5cm’ of hydrogen peroxide to it. what's going on, the solution turns reddish-brown, indicating

v g

TN
R
"

he formation of iodine.

tassium iodide is a reducing agent. Often used to test for the presence of oxidizing agents.
then a potassium iodide solution is added to an acidified hydrogen peroxide solution, the
slution turns reddish-brown. The appearance of this color is due to the formation of iodine |,

lis oxidized and H,0, is reduced.
1is redox reaction can be confirmed by a color change from colorless to reddish-brown,

H0,, +2Kl, +2H', » o 2Kt byt 2H0

(aq)
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S —

and reducing agents in ch '
Oy

i

§

1 i

tify oxidizing

7 4.2 How can you ide
reaction?
lace in the manufacture of steel.
i ction that takes p
Consider the following rea o 200 - \9Fe ~+3002
2

g and reducing agents, work out the oxidation states of 3| the g

To identify the oxidizin

involved in the reaction. "

2e3) (23 +22 0

Fe,0,+ 3CO——2Fe + 3CO,

(i)  Carbonisbeing oxidized because there is an increase in its oxidation state
(i)  Feisbeing reduced because there is a decrease in its oxidation state,
The reactant CO contains the C that is being oxidized, so CO is reducing agent

(iii)
(iv)  The reactant Fe,0, contains the Fe that is being reduced. So, Fe,0, is °Xidizin
agent. g

Oxidizing or reducing agent is the whole molecule or formula unit and not the atom that
)

undergone change in oxidation number.

y et

Tungsten is used to make filaments for electric bulbs because it has the highest melting po;

and high electrical resistance. This metal is obtained from tungsten (VI) oxide, WO, by reducint

it with hydrogen gas. g
WO, +3H, ——>W+3H,0

Identify the oxidizing and reducing agents in this reaction.

Step 1:Workout the oxidation states of all the elements involved in the reaction.

Step 2:Note the element that is undergoing an increases in its oxidation state. Since it is being
oxidized. The reactant that contains this element is reducing agent.

Step 3:Note the element that is undergoing a decrease in its oxidation state. Since, it is being
reduced. The reactant that contains this element is oxidizing agent.
18 [ 11}
First assign oxidation numbers to each atom.
(23 0 0 2(+1) -2
WO, +3H, —> W +3H,0

Be.caus.e the oxidation number of W decreases, so, WO, is an oxidizing agent. Similarly the
oxidation number of H increases, therefore, H,is reducing agent.

[ERWFIPESREW,
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Redox Re - e -
: action
s very soft metal. Silver atoms have weay interact‘-n Photography
io

omes in contact with trace quantiti Ns and are loosely packed together. Silver tarnishes in

sitver !
1es of

. whenitc ;i ;
a0 hur compounds. Silver tarnish is silyer g .HIS 0r 50, in the atmosphere or food such as eggs, that are rich
. sulpt_Ve and practical objects made of solig S-lph'de that gives silver blackish appearance. Due to this reason
gecor®™ [ objects are plated with a thin laye]r\;?'siglraduauy turn black and lose shining appearance. Decorative
.octand forma durable layer. An article thickl Ver. Atoms in thin layers firmly adhere to the metal atoms of

t s = ;
::;e(:?f * m soft covering. These layers gradually tUrr?tfllaactsd with silver contains many layers of silver atoms. Such

Y ROSION AND TS PREVE i .t .
7.5 CORROSION AND ITS PREVENTION

S

7.5.1 Corrosion
corrosion is @ natural electrochemical process that occurs when a metal reacts with its

environment. In this rgactlon a metal reacts with oxygen and moisture in the atmosphere.
Corrosion converts reflneFi metals to the more stable metal oxides. It can cause significant
damage to structures, vehicles, and equipments.

Most familiar example of corrosion is the formation of rust on iron. Oxygen and water are
necessary for iron to rust. Corrosion is an oxidation-reduction reaction. Aregion of metal surface
that has relatively less moisture, acts as anode. Will Fe oxidize in this region?

+

Fesy — >Fe¥,, +2€
q

Another region on the surface of metal that has relatively more moisture acts as cathode. The
electrons released in the oxidation process reduce atmospheric oxygen to hydroxyl ions.

0, +2H,0+4e ——>40H
The Fe? ions formed at the anodic regions flow to the cathodic regions through the moisture on
the surface. Here Fe® ions further react with oxygen to form rust, Fe,0,.xH,0

7.5.2 Prevention of Corrosion

Corrosion is a widespread issue that affects industries, infrastructures, and everyday
objects. Therefore, understanding corrosion and implementing preventive measures are
crucial. Prevention of corrosion is an important way of conserving our natural resources.

Following methods have been devised to protect metals from corrosion:
1 ' CO~

Corrosion can be prevented by ap

J

ting with paint:

Y

plying protéctive coating such as paint or epoxy creating

e S £
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a barrier between metal surface and its environment. Paint is cheap and be
easily. Paint is used to protect many everyday steel objects such as cars, ““Cks

bikes, bridges etc. Paint also provides visual appeal. ' tr“'!

Alloying:
The tendency of iron to oxidize can be greatly reduced by alloying it with Othey

For example, adding chromium to iron forms stainless steel, which is highy, fesis"t:‘t‘k.
corrosion. ty
Coating with a thin layer of another metal:

Metals that readily corrode can be protected by coating with a thin layer of aNothe,

that resists corrosion. This can be done by:

(a) Tinning
(b) Galvanizing
(c) Electroplating

{a)  Tinning:
In the process of tin plating, clean iron sheet is dipped in a bath of molten j, it

then passed through hot pair of rollers. Tin protects iron effectively, since it
' g

very stable.

(b)  Galvanizing (Coating with Zinc):
The process of galvanizing consists of di
chloride bath and heating. After this sheet

(c) Electroplating:
In electroplating an electrolytic process is used to de

metal.

Cathodic Protection:

Cathodic protection also called sacrificial protection is the process in which the metal to
be protected from corrosion is made cathode and connected to an active metal such a
magnesium or aluminum. These metals are more active than iron, they act as anode, The
more active metal oxidizes itself and saves iron from corrosion. Cathodic protection is
employed to prevent iron and steel structures such as pipes, tanks, oil rigs etc in the moist
underground and marine environment. The large bars of magnesium are used to help

protect the ship against rusting.

e

= —— Water line

@_//B / Magnesiurr#
blocks

b : Fig. 7.1: Cathodic Protection

pping a clean iron sheet in a hot 3
is rolled into zinc bath and Cooled,

posit one metal on anothey

.
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idation is the gain of OXyge "

a
" qubstance: M or o of hyq
> eduction is the loss of OXygen atom Ydrogen atom or loss of electrons by a
' e.
ubstanc

Or gaj
dation state or oxidation p,, be o hydrogen atom or gain of electrons by a
' Ot):Jm willhave inamolecuyle, 1S defingg as the
ahe sum of oxidatign state of 3| the atgr. . Number of apparent charges that an
' snoxidizing agen't is the reactap,
' yreducing agentis the reactant
' corrosion s the process in
) atmosphere.
: Electrolytic process u'sed to deposit one :
. cathodic protection is the process in X lonanother metal j
made cathode and is connected tq mEtalsguchEtal that is to e
oferences for add'monal Information
, B.Earland LDR Wilford, FurtherAdvanced Cheri
, g.Earland LDRWilford, Introducion t, Advansngsw' -
, pavid E. Goldberg, Fundamenta| of ChemiStrye 1 Chemistry,
", Addison Wesley, Chemistry, :

t Containir:n AMolecule of compound is zero,

CONtaining ¢ - < EMeNt that i$ reducedin 3 reaction.
Which 5 m element that is oxidized in a reaction.

"eacts with oxygen and moisture in the

s called electroplating.,

. protected from corrosion is
S Magnesiym or aluminum,

J

REVIEW QUESTIONS
.. Enc
(i)  Inwhich of the following changes, the nitrogen atom is reduced
(@) N,toNO (b) N, to NO
(c)N, to NH, (d) N, to HNG,

(i)  Which of the following reaction changes is
() Chlorine molecule to chloride jon
(c) Oxygen molecule to oxide ion

an example of oxidation?
(b) Silver atoms to silver (1) ion

(d) Iron (111 ion to iron(ll) ion
(i) ~ Which of the following elements in the given reaction is reduced?
In0+H, —>In+HQ
(@) H, (b)ZnO
(€)Zn (d)o
(iv)  Consider the following reaction:
HS+Cl, — »2HCL+S

In this reaction H,S behaves as

(a) Reducing agent (b) Oxidizing agent
(c) Catalyst (d) Electrolyte
\h‘m’:’mk"ff‘» = v LA S O LA ‘:z:':ai
K
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3
4.
5.
6.

10.

suitabie e amples.
- poes

The oxidation state of Cr In K,Cr,0, is 1
(a) +12 st
(c)+3

Give shoirt answel

is oxidation state?
(: )) vv\\//::: l: the oxidation number of Cr in chromic acid (H,CrO,)?
(i -

(iii)

v)

Identify reducing agent in the following reaction
QO+ Hy —9 Cu +HO
(iv)  Whytin plated steel is used to make food cans? |
Explain one example from daily life which involves oxidation-reducﬁon reacy:

(v)

Compare and contrast oxidation and reduction,
Define oxidaticn and reduction in terms of loss or gain of electrons,

Explain how food and beverage industries deal with corrosion.
or reduced. Give reason for yoyr answer

’

State the substances which are oxidized
(@) N, +3H, —5NH,

(b) CO, +2Mg —— 2Mg0 + C
() Mg+HO —> MgO+H,
(d) HS+Cl, —5 2HCL+5S

(€) 2NH, +3Cu0 — 3Cu+ N, + 3H,0
(@) Define oxidation number or oxidation state.

Find the oxidation state of nitrogen in the following compounds.

(b)
(i)NO, (i) N,O (ifi) N,0, (iv) HNO,

Find the oxidation state of S in the following compounds.

(a) H,S (b) H;SO, (c) NazSzOJ

(@)  Define oxidizing and red 'Cing agents.
(b)  Identify the oxidizing agents and reducing agents in the following reactions:
(i) HS+Cl, — 2HCL + S
(i) 2FeCl, +Cl, — 2Fecy,
(i) 2K1+Cl, —> 2KCl +1,
(iv) Mg+ 2HCl — MgCl, + H,
Hydrogen peroxide reacts with silver oxide and lead(ll) sulphide according to the
following equations. Is hydrogen peroxide an oxidizing or reducing agent in these

reactions. Argue.
() 10,+4g0- 244, H,0+0,

(1) 4H,0, +PbS — Pbso, + 4 0
»»;ﬁg’{i s

Prepare a report about what type of chemical reaction is corrosion
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After completing this lesson, the student will be able to:

\\iteis and lipids as reserve stores of enersy.

Explain the idea of a chemical system and its connections with its surroundings influences energy
transfer during a chemical reaction.

Differentiaie between exothermic and endothermic reactions giving examples.
State that thermal energy is called enthalpy change and recognize its sign as negative for exothermic

and positive for endothermic reactions.
Define activation cnergy as minimum energy that colliding molecules must have for a successful

" collision.

Explain that activation energy depends on reaction pathway which can be changed using catalyst or

enzyme (detailed pathways not required).
Draw, label and inters.et reaction pathway diagram for exothermic and endothermic reaction which

includes enthalpy change, activation energy (uncatalyzed and catalyzed), reactants and products.
Recognize that bond breaking is endothermic and bond making is exothermic processes.

Explain that enthalpy change is sum of energies absorbed and released i
forming. .

Calculate enthalpy change of a réaction from given bond energy values.

n bond breaking and bond

Explain how respiration(aerobic and anae

robic), an exothermic process, provides energy for biological

A
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. Introduction

Every process in this uni

~involves a change in energy. Some
chemical reactions produce huge'a.mou
such as iron, steel, copper, aluminum, :
materials into useful products such as trains,
objects. The study of energy changes in ;hemlcal rea

8.1 ENERGY IN CHEMICAL REACTIONS ‘ ,

f a chemical react;
: ‘ ' loped or absorbed as a result 0 ! ion, 1.
Energy in the form of heat is devc.op > o and new bonds are formed, BreakingTh's

i i jon old bonds are b
because in a chemical react lonses energy, If the energy released in ke

"~ always consumes energy and binding always retea: i i
bondyis greater than the energy expended in breaking the bond, there is a net release of g,

o : m]
energy. On the other hand, energy is absorbed when the energy expendc?d in brea'kmg abe, ‘ﬁl
greater than the energy released in forming the bond. Thus, during chemical reactions, en ergy;:

exchanged with the surroundings.

g cells, test tubes, atmosphere o W

lease energy, others require Energe;'%
s used to produce new ry,, my. I\
etc. Energy is also used to tran'sform these n:te "*2
- trucks, cars, buildings, bridges ang e wr&
ctions is called chemical energeticg y %

verse, whether it is in tivin
processes re
nts of energy, whichi

k

.
,nr‘vflg*
ied B

8.1.1 System and Surroundings

The part of the universe that we want to focus our att
universe is called the environment. In chemistry, a system is usually a substance that chan
physically or chemically. For example, when studying the reaction of limestone and hydrochk,ﬁc
acid solution in a test tube, limestone and hydrochloric acid solution form a system. The test tube
and everything around the test tube is the environment. Similarly, when studying the thermy
decomposition of a compound, the sample of the compound would be the system. While the

beaker, heat source, and everything else would be the environment.

8.2 THERMOCHEMICAL REACTIONS

When a chemical change takes place, energy is exchanged between system and its surroundings,
Energy has many forms such as heat, light, work etc. Achemical reaction which proceeds with the
evolution or absorption of heat is called a thermochemical reaction. A balanced chemicl
equation which also shows heat change of a cheinical reaction is called thermochemical
equation. The branch of chemistry which deals with the heat or thermal energy changesin

chemical reactions is called thermochemistry.

ention on is called a system. The rest of

For example
»CO AH® =-393.5kJ

2(2)

C.+0

(s) 208)

There are two types of thermochemical reactions.

8.2.1. Excthermic Reactior
A chemical reaction that proceeds with the evolution of heat is called an exothermic
reaction. In an exothermic reaction the chemical system transfers energy to the surroundings &
the reactants are converted to products e.g. burning of fuels is a highly exothermic reaction. T
energy released can be used to heat a room, or to drive an engine or to cook food. Examples of

exothermic reactions are given below:
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()€, 40 ' L

® " Y2 = > CO,, AH° =.393,5kJ

(i1) ZHM,*‘OM,“——) ZHzom AH° =;571 6kJ o

--i 1 5 : :
(iii) Cot"2 02(8) L Com ; AH° = .110.5kJ

8.2.2 Endothermic Reactioﬁs;

tion that proceeds wi y
A chemical reac " proceeds with the jp eat is called an endothermic
ceaction. In these reactions heat is transferr.. Sarption gi hed Y '

: ferred f ing to the system. Examples of
endothermic reactions are given below: - rom surrounding Y P
() . Hyg+hg— 2H) A a e s i

() Cy+H0, *COg +Hyg  AH = 413141

(1) Ny + 0y ——2NO AH° =+180.5 kJ

CONCEPT ASSESSMENT: EXERCISE 8. 1
Classify the following processes as exothermic or endothermic: :
(a) Freezing of water '
(c) Sublimation of dry ice
(e) decomposition of limestone.

(b) Combustion of methane
(d) Hlo(g) —- » H,0Q

8.3 ENTHALPY OrF REACTION

The amount of heat or thermal energy evolved or absorbed in a chemical reaction is called
enthalpy of reaction. Its sign is negative for exothermic and positive for endothermic reactions.

Enthalpy of reaction measured at 25°C (or 298K) and one atmospheric pressure is known as
standard enthalpy change. It is denoted by AH° .

(1) Cior ¥ Oz —— > COy, AH° =-393.5kJ
Which of the above reaction is endothermic?
Q d gr’j.}.‘[rfsf:"»‘\)i"ﬁw»Aw«-tw\-v/-..,,.:‘.,,.},. FARITY DA

SCOACIATIONENERGY-
When a chemical reaction occurs, old bonds are broken and new bonds are formed. Breaking
bonds always requires energy, and forming a bond always releases energy. The amount of energy
required to break one mole of a particular bond to form neutral atoms is called the bond
dissociation energy. In contrast, the amount of energy:released when neutral atoms form one
mole of a bond is called bond formation energy. The difference between the bond dissociation
energy and the bond formation energy determines whether the reaction absorbs or releases
energy.

The enthalpy change in a chemical reaction is the sum of energies absorbed and released in bond
breaking and bond forming.

AH°= sum of bond dissociation energies of reactants — Sum of bond formation energies of
Products
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on between hydrogen and iogj,,
Bond energy of H—H, I-I, H— beoto for ]
Nele .M
Gy |

halpy of the reacti

Example 8.1: Calculate the ent
hydrogen iodide from the given
436k.J/mol, 151kJ/moland 299kJ/mo!

bond energy data.
respectively

Problem solving strategy:

1. Write the balanced chemical equation.
2. Show all the reactant and the products in the gaseous state.
3. Substitute the relevant bond energy values in the formula and solve.

o = Sum of bond dissociation energies of reactants —Sum of bond formation eng,. .
products o By

Solution:

Hyy + he — 2HI, AH"=?

AH® = [BDEof H—H +BDE. of I=1] — [2xBFEofH—1]
_[436 + 151]  [2 % 299] |

587 — 598

— 11 kJ/mol
Note that the enthalpy of reaction calculated using bond energy data are often different from

values determined experimentally.
CONCEPT ASSESSMENT EXERCISE 8.2

Example: Calculatelthe enthalpy of the following reaction from the given bond energy dat,
Bond energy of H—H, F—F, H—F bonds are 436kJ/mol, 155kJ/mol and 567kJ/mol, respectively i

2 5 ACTIVATION ENERGY
Chemical reactions involve the breaking and forming of chemical bonds. These changes are
nergies. Collision theory was proposed to explain the observed

accompanied by changes in e
al reaction to occur, the bonding atoms or molecules must collide

reaction kinetics. For a chemic
with each other. These collisions can be effective or ineffective depending on the energy and

direction of the colliding particles. An effective ”
collision can only occur if the energy of the ’ b i
colliding particles is high enough to overcome the
repulsion between the electrons around the
reacting particles. The correct orientation means
that at the moment of collision, the atoms needed
to form new bonds must collide with each other.
The minimum amount of energy that, in addition
to the average kinetic energy, particles must have
an effective collisions is called the activation !

‘ﬁhq, Jmot —

energy. No reaction occurs if the energy of the :
reacting particles is lower than the activation ‘”“":'_;/T
energy. Thus, the speed of a reaction depends on | Fig. 8.1: Energy level diagram w
bk reaction \
/1
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ation energy. The higher the activation en
s acet;ction petween A, and B, molecules,

ghe"

R

o mssus
=

+ BX

i ——
———

gffective collision
- -
(A ® Az —V@J‘
® T @
u \
nstable \ B
activated complex :
ineffective collision

848 o~
2= 0O®20 -» @@

Fig. 8.2: Representation of Effective and Ineffect

ergy, the lower the reaction rate. For example,

h w—
1 )m
+ @@

IR

ive collision in a reaction

3.6 CATALYST

Many industrial reactions_ are carried out at high

remperatures over a period of time to maximize
the amount of product that can be synthesized.
High temperature reactions cause safety [
problems and many chemicals are not stable at *
high temperatures. So, it would be useful to use |

i i
ot

another method to increase the speed of | >
chemical reactions. Another way to increase the | g
reaction rate is to change this mechanism in a 31‘1:1
way that lowers the activation energy. This can ‘
be done by adding a catalyst. A substance that |

accelerates a chemical reaction, but remains
chemically unchanged at the end of the
reaction, is called a catalyst, and the
phenomenon is called catalysis. The catalyst
provides a new mechanism for the reaction with

s

Actvabon energy
lw:!hout catalyst

Reactants' |

== Reaction without catalyst \
Reaction with catalyst N

Products .

Reaction porgress ————» [

low activation energy (Figure 8.3). Thus, a
catalyst increases the rate of a reaction by

e ————CRTREE

Fig. 8.3: Effect of catalyst on energy
of activation during exothermic reaction

lowering its activation energy. The catalyst does

not affect the overall thermodynamics or enthalpy of the reaction.
In the bodies of living organisms enzymes catalyze chemical reactions.

8.7 RESPIRATION

Where do we get energy for our body? Respiration is.a biochemical process in which energy is
"eleased from food in a biological system. During this process, glucose is oxidized in the body of

——

¢
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efore respiration is an exothermic reactlon

Ther
i released°
living organisms and ener . ps S
are two types of resP G Respiration that requires
tion-
. Aerobic respIrer erobic respiration.
a r + Energy

energy is call R Carbon ledee +wate '
Glucose * oxygen to bre
o Respiration that does not require 0xys ak dowp, gl

ic respiration.

_lel%*

"y

ic res jration
Anaerobi P lled ana erobi

2
ease energy is cal
= Glucose Lacticacid + Energy o -
. tion releases MOr€ energy than anaerobic respiration. Lipids are iy
Aerobic respiration our body. They also act as reserve energy sources. Lipids can e N
ing rcise intensely, the oxidation of glucos W,
'fl

body. When you €xe

substances for buildi
ized for energy.

large amounts of energy i
enough for energy- At thiss

nour
tage, lipids are oxid

al reactions is called chemical energetics. -
lution of heat is called an exothe;,mc

« The study of energy changes in chemic
e A chemical reaction that proceeds with the evo

reaction.

The amount of heat or thermal energy evolved or absorbed in-a chemical reaction is Calleg

enthalpy of reaction.
een the bond dissociation energy and the bond energy determing

« The difference betw
whether the reaction absorbs or releases energy.
The minimum amount of energy that, in addition to the average kinetic energy, particles

must have in effective collisions is called the activation energy.
Asubstance that accelerates a chemical reaction, but remains chemically unchanged at the

end of the reaction, is called a catalyst.
The catalyst provides a new mechanism for the reaction with low activation energy.

In the bodies of living organisms enzymes catalyze chemical reactions.

Respiration that requires oxygen to break down glucose to release energy is called aerobic

respiration.
Respiration that does not require oxygen to break down glucose to release energy is called

anaerobic respiration.
Lipids acts as reserve energy sources.
_/

.

‘References for additional information
» Zumdahl, Introductory Chemistry.

* Raymond Chang, Essential Chemistry. : '
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Unit 8 Energetics

REVIEW U .
| encircle the correct answer, Q ESTIONS
2 @ If the AH value is negative than reaction will be:

(@)~ Exothermic
() May or may not be Exothermj
(d) - None of these
(ii) All chemical reactions involye:
") Catalysts
(b). E :
© ()  Energy changes. (d)) AT? tehsese
('iii)-' * Which is not-released in an aerobic respiration?
(@)  Carbon dioxide (b) Wa'ter
Ener
(c) . gy (d) - Lactic acid
(iv) A catalyst increases the rate of 3 chemical reaction by:
(@)  increasing activation energy - '
(b) increasing the enthalpy of reaction
(©) Decreasing the enthalpy of reaction
(d) None of these

(v) ~ Activation energy of a chemical reaction must be the average kinetic
energy of reacting molecules: ‘

(b)  Endothermic
¢ or Endothermic

(a)  Lowerthan (b)  greaterthan
(c) equalto (d)  None of these | : ;
7. Give short answer.

(i) Define exothermic and endothermic reactions.

(ii) Define enthalpy of 2 chemical reaction.

(iii)  What is anaerobic respiration?

(iv)  Defineactivation energy.

(v) What is the role of a catalyst in a chemical reaction?

(vi)  Differentiate between aerobic and anaerobic respiration.

How can you determine the enthalpy of a chemical reaction?

Explain, how does the process of respiration provides us energy? ‘ _

Draw labeled reaction pathway diagram for an exothermic and an endothermic reaction. -,

Calculate the enthalpy of reaction between hydrogen and chlorine to form hydrogen
chloride from the given bond energy data. Bond energy of H-H, CI-Cl, H-Clare 436kJ/mol,

243 kJ/mol and 432 kJ/mol, respectively.
7. Justify the statement that the process of respiration is crucial for us.

PROJECT &

, Crgate a chart showing pathway diagram for exothermic and endothermic reactions,,
which includes enthalpy change, activation energy (catalyzed and uncatalyzed),
réactants and products.

.ON.LJ'I.AW
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After completing this lesson, the student will be able to:
* Recognize that reversible reaction are shown by =—= and may not go to completion.

Describe how changing the physical conditions of a chemical equilibrium system can redirect reversib!e
reactions (3) effect of heat on hydrated compounds (b) addition of water to anhydrous sybstancesm

particular copper (Il) sulphate and cobalt () chloride.
e State that reversible reactions can achieve equilibrium in a closed system when rate of forward and

backward reactions are equal.
q —
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complete reaction is a reaction in w

; hi
However, many important chemical reacti]Ch Al reactants have been converted to products.
reactants is formed. In such a reaction, t

L ons are hot completed and a mixture of products and
"% the same time, reactants form produifmduus react together to form the reactants again.
Understanding equilibrium is important i " ese reactions are e e

involved in a number of steps in the commer: -the chemical industry. Equilibrium re.actions :re
_mmonia, sulfuric acid, etc, 1al production of many important chemicals such as

Liquid s=—

Vapours
Many chemical r.e actions do not end. In such reactiong :)he conversion of reactants into produ‘cts
and the conversion of products into reactants can BecuF simultaneously. A reaction in which the
products can react with each other to form the original reactants again is called a reversible
reaction. Areversible reaction proceeds in both the forward and reverse directions under the
same conditions. These reactions never end, All reversible changes (physical and chemical) occur
simultaneously in both directions. Adouble arrow

: ) S——= in achemical equation indicates that
the reaction isreversible. For example:
250, + 0,, * V505 250
)
g ! —— B 3(2)
. 450°C, 200 atm
Sulphur dioxide Oxygen Sulphur trioxide
F
N2 N 3Hy(g) T Sy 2NH3 g,
. - 400°C, 200 atm
Nitrogen Hydrogen Ammonia
: Electric
Nag) + 20;q) i INOy g
_———
Nitrogen . Oxygen spark Nitrogen dioxide

Consider what happens when SO, and O, gases are mixed in a sealed container (Figure 9.1)
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§0, and 0, M 280, +0, - - 280, - o
Tl Wt 31 eQuilibrium)

{noh 3t eguitnu
Fig. 9.1: Reaction between SO, and O, z

Science Titbits

So, and 0, molecules react to form SO,. SO, molecules
break to give SO, and O,. What types of molecules are in '
equilibrium? In the first reaction (from left to right), SO, When fizzy drinks are made, (o,

d 0, produce SO,. In the second ion (from right to giisaivid 10-the SN, drine i
and U, pro 3 11 cond reaction ( 8NL0  pressure and sealed. When you remove (i
left), SO, decomposes into SO, and O,. Which reaction is  of the bottle, bubbles CO, of suddeny

called a forward reaction? Which reaction is called the  appear. When you put the lid back gn the
bottle, the bubbles stop. This is due to the

reverse reaction? In the beginning, there is no SO;. So the ' e

rate of the reverse reaction is zero. Due to the high f°u°w'"ng]“” ek co

concentration of the reactants, the speed of the forward 2(;9’ - .

reaction is the highest. As the reaction progresses, the ¢ forward reaction happens during:
. manufacturing and the reverse reaction

concentration of the reactants gradually decreases and  p,555ens on opening

the speed of the forward reaction decreases

accordingly. (figure)

2502(g) + 02(5) — S03g)
As the concentration of SO, increases, a small amount of SO, slowly decomposes into SO, and 0,.
This means that the reverse reaction has started. In this reaction, SO, acts as a reactant and

produces SO, and O,. That is, the opposite reaction
2803(g) ——*2502(g) + Oz(g)

As the concentration of SO, increases, the reverse reaction accelerates. In the end, the two rates
are equal. At this point, SO,decomposes into SO, and O, as fast as SO, and O, produce SO,. At this
point, the reaction has reached equilibrium. (Figure 9.1) The state of a chemical reaction where
the forward and reverse reactions occur at the same rate is called chemical equilibrium.
Chemical equilibrium is dynamic equilibrium. This is because reactions do not stop when they
reach equilibrium. Individual molecules are constantly reacting. However, the actual quantities
of reactants and products do not change. This means that the concentration of reactants and

products becomes constant in the equilibrium state.

(8 CamScanner


https://v3.camscanner.com/user/download

) CONDITI_ONS FOR EQU“—'BR]LJ
9.7 . m is achieved when pyre reacts M

ilib 3
@il are first placed in a clogeq Contay "€ Products, o
p ment in the tank occurs gt the ' N each sych ¢
move ntrations of reactants ang Prody
cO"Ci i conditions are met:

5i :
phY oncentrati
The¢

a mixture of reactants and
: ase, forward and backward
|§ leads to a situation where the
Indefinitely, as long as the following

s
Cts Femain the same

on of reactant or Produyct ,
1'Tne remperature of the system F€Mains ¢q
ssure or volume of the System re

e >

Maing UHChange d.
‘ Nstant,

Thepré

ECT OF HEAT |
3 EFFI | (TEmp
EéulLIBR‘UM SYSTEM ERATURE) ON A CHEMICAL
on the temperature is increased the €quilibriy

Jecrease the temperature. So, endothermic reacﬁm Will shift to favour the reactions which will
6 Onis favoured to minimised the chan
ge.

ains Constant.

place 5 g of hydrated copper(ll) sulphate inat

Observe the colour change from bye towhite,

L]
(om temperature.

Note: Copper sulphate is a harmful and
, Add a few drops of water to the test tube using a toxic compound, so handle it with care.

dropper b - o
; Observe the colour change from white to blue

again. When copper (Il) sulphate is heated, the water in it

is removed, forming anhydrous copper (1) sulphate, which is a
sulphate changes back to the hydrated form on adding water.

CuS0,.5H,0 (blue solid) He3tNE cuso white solid) + 5H.0

—_—
Cooling

est tube. and heat slowly.

white solid. This copper (Il)

Likewise

Hydrated cobalt(ll) chloride is a pink solid. When heated, it loses water and becomes anhydrous
cobalt(ll) chloride, a blue solid. So, the equilibrium shifts towards right. But when water is added
toit, it absorbs water and the equilibrium shifts to the left to form hydrated cobalt(ll) chloride
again

ti .
CoCl, 6H,0(pink solid) Se2iEs ol (blue solid) + 6H,0

Cooling

j ]

[\
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ucts can react together to re-form the origina| rea
!

A reaction in which the prod
called reversible reaction.

Areversible reaction is shown b
()sulphateisa white solid.

y symbol

Anhydrous copper (
Hydrated copper( [l)sulphate is a blue solid.

Anhydrous cobalt(ll)chloride is a blue solid.

Hydrated cobalt(ll)chloride is a pink solid.
Astate of a chemical reaction in which forward and reverse reactions take place at the,
Me

rate is called chemical equilibrium.
‘N

\.

References for additional information
. Chemistry, Roger Norris, Lawrie Ryen and David Acaster.

« Principals of chemical equilibrium, Kenneth Denbigh.

REVIEW QUESTIONS

Encircle the correct answer.
- (i) Which is true about the equilibrium state?

(a) The forward reaction stops.
(b) The reverse reaction stops.

(c) Both forward and reverse reactions stop.
(d) Both forward and reverse reactions continue at the same rate.
When a mixture of H, and |, is sealed in a flask and temperature is kept at

(i)
25°C, following equilibrium is established.

Hyg) + Iz(g) = 2HI,
Which substance or substances will be present in the equilibrium mixture?
(a) H and I, |
(b) HI only
(c) H, only

(d) H,, I, and-Hl
Concentration of reactants and products at equilibrium remains unchanged if

(iii)
(a) concentration of any reactant or product is not changed.

(b)

(c)

(d) all of the above are observed

temperature of the reaction is not changed.
pressure or volume of the system is not changed.
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whnicn Ui LS lUllOang dOes T T er—

IV) Hok hap en TR

( @) forward and reverse reactio:s » Whena system is at equilibrium tateri T
(p)  forwardand reverse ratesp Stop, '
() concentration of reacts €Come equal.

3 nts

(d) ~ reactioncontinyegy ok a‘nd Products stop changing.

W) In anirreversible reactiop, s FInboth the directions.

3 .

(@) established Quickly u‘hbri‘um i
(b)  establishedslowly
©) never establisheq
(d)  establishedwhen Féaction stops.
give short answer.
i What is chemical equilibriym?

i) Write two chemical equationsg of reversible reactions.
i Write down the conditions for equilibriym.

. S e
coal reacts with hot steam tq form CO and H,. These substances react further in
5 the presence of a catalyst to give methane and water vapour.

(0 + 3Ha9) == CHag) + H,0,,
Write forward and reverse reactions forit, |

How does temperature affect hydrated cobalt chloride and anhydrous cobalt
Bloride equilibrium? .

o THINK TANK

o

4
¢

Bromine chloride (BrCl) decomposes to form chlorine and bromine. Write
reversible chemical reaction for this reaction.

e e

4l
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" ACIDS, BASES AND SALTS

After completing this lesson, the student will be able to:
e Define Bronsted-Lowry acids as proton donors and Bronsted-Lowery bases as proton acceptors.

e Recognize that aqueous solutions of acids contain'H' ions and aqueous solutions of alkalis contain OH

ions.

Define a strong acid and a base as an acid or base that completely dissociates in aqueous solution and
weak acids and bases that partially dissociates in aqueous solution.( some example include: Students
writing symbol equations to show these for hydrochloric acid, sulphuric acid, nitric acid, and ethanoic

acid).
e Formulate dissociation equations for an acid or base in aqueous solution.

Recognize that bases are oxides or hydroxides of metals and that alkalis are water-soluble bases.
Describe the characteristic properties of acids in terms of their reactions with metals, bases, and

carbonates.
" e Identify the characteristic properties of bases in terms of their reactions with acids and ammonium
| salts. :
| * Defineacidrain. .
E e Discuss effects of acid rain and relate them with the properties of acids.
ol -
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g
TRODUCTION |

en use acids and bases in all areas of lif

.3

f
grinks apple, tomato and toilet cleaners & For example, vinegar, aspirin, lemon juice, cola
[eane’ antacid tablets, baking powder :0ntam acids. Substances containing bases such asdrain
cour body produces them. From "acid inc,ji Oda.,_etc. You eat and drink certain acids and bases and
-1 qews and advertisements. What is acg-zst‘(f”" to "acid rain," the word acid appears frequently
pstances are called acids and which a id rain? This chapter will help you understand which .
5';. 4 reacts with a base? Why do we user[e baSES.. How are they classified? What happens when an
the chemistry of acids and bases. This Wiﬁmon juice on fish? In this chapter, you will learn about
help you better understand these important classes of

. What do we mean b :
compounds. Wha Y the pH el 2o : :
manufactu"e S farilizam andthike fo?:d ?:dau::rl\t;tlon like acid rain? Aqu are widely used in the

: bases are general ; ) /
Acids an.d g ally recognized by their characteristic properties. Table 10.1 shows such
~ propertles.. _ : :

— Table10.1:S ' .
B -1: Some characteristic properties of acids and bases _
e | Property Aci - : 5
No.’ Acid’ Base '
/ ¢ n
1 Taste ~ Sour " Bitter J
— | Effect on blue ) :
Z litmus Turns red - No effect J ;
— | Effectonred’ - ! R
3 litmus No effect Turns blue \
b e A ; .
4 Effect on skin Corrosive Corrosive J
TM “Electrical Aqueous solutions conduct | Aqueous solutions conduct
| conductivity | , electricity l electricity J -
! L | ¥

10.1.1 Arrhenius Concept of Acids and Bases
In 1887, a Swedish chemist Svante Arrhenius proposed the
bases. According to this theory

An acid is a substance that ionize
ionizes in water to produces OH ions.

first successful theory of acids and

s in water to produce H' ion sand a base is a substance that

For example,

H.O -
2, HY gt Cl(aa)

Acid d5 .
NaOHs) T, Natq t OH" (aq)
Base )



https://v3.camscanner.com/user/download

Which substances in the following reactions are acids or bases?

H.O
HNO3 () = H*wgp + NOT* g
AT T ) -2
22V (1) —— 2H (aq)+504 (aq)

H.0 =
KOHy 5 K'(aq)+O0H (ag)

H,0 2,
NH40H(aq) wia A NH:(aq) + OH (aq)

Table 10.2 shows some common acids and table 10.3 shows some common bases.

Table 10.2: Some Common Acids names, formula and their uses

-3

S Common use

Name Formula
" Hydrochloric acid el Cieaning of metals, bricks and removing scale from boiler;”
Nitric acid " HNO, “Manufacture of fertilizers, explosives
Sulphuric acid H,50, Manufactﬂmm
explosives.
Phosphoric acid H,P0, | Manufacture of fertilizers, acidulant for food ]

Table 10.3: Some Common Bases names, formula and their uses

f Name Formula Common use

i Sodium hydroxide NaOH '7’?33;‘)}7)%'?,, drain cleaners

IIH Potassium hydroxide ~ KOH " Making liquid soap, shaving cream |

T Calcium hydroxide Ca (OH), ] Making mortar, plasters, cement B
Mg(OH). " Antacid, laxative

RS S

r Magnesium hydroxide
10.1.2 The Bronsted-Lowery Concept of Acids and Bases

The Arrhenius theory has its limitation
why compounds like CO,, S0,, etc. are acidic. W

C0O,andno OHinNH..

In 1923, J. N. Bronsted and T. M.

shortcomings of the Arrhenius theory. This t
According to this theory, an acid is a proton donor and a base is a proton acceptor.

Consider the following example

H o7

s. This applies to aqueous solutions. This does not explain
hy are substances like NH, bases? There isnoHin

Lowery independently proposed another theory to overcome the
heory is known as the Bronsted-Lowery theory.

A

l »
H—0: + R
H H Chloride ion
Bronsted B g . X
Acid fiils Hydronium ion
/

i
5 1S

L T
o R T S : o e |
ek s . - ‘)‘{
. —-— n—fr-—w‘-—n,r_v:,:;u_u—w"w
o A ) 3
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1 which substance is donating proton?

/vm-i’ch’;;stance is accepting proton?

a2

mbstance is an acid?
Q7

/ "

0.4 which substance is a base?
/ .

heré
‘::fﬁcient toa

—

e e

reaction occurs.

vy

— “ v,
Mgy Radesy anuadiltd

H come from when ionizi ; ‘
does Onswer iy questionnblziutz;:ng bases such as ammonia? The Arrhenius theory is not
o i e a,t s e Bronsted-Lowry theory explains how ammonia acts asa
pase in Wate"n Om temperature. When it is dissolved in water, the following

-+

H—N—-H +(@)—0:
|

H H

wh
included in the Ar

bases i
two examples. Inone example, water molecule ac

rhenius Theory are also acids in

proton. E ¥ :
substances that react with both acids and bases ar

7
N

' A A e e s
GEN AT

P e

CYEFE S

a

dentify Bronsted-Lowery acids or bases in the fol

s o A R T L O T T E A et T
cids or:bases or as praton donor or proton acceptor

o

ich substance is donating proton, NH, or H,0? Which substance is proton acceptor? All the acids

the Bronsted-Lowery Theory. However, all the

ncluded in Bronsted-Lowery theory except OH" are not Arrhenius bases. Consider above

cepts a proton and in the other water donates a

his means water behaves like an acid as well as a base. It is amphoteric in nature.

e called amphoteric substances.

lowing reactions.

HCl 4+ H,0 — H30% + CL™
H,0 + NHy=—=NH,* + OH~

Problem solving strategy:
1.

An acid is a proton donor. After donating proton, an acid forms a negative ion.
Abase is a proton acceptor. After accepting proton from an acid it forms a positive ion.

donates and forms H,0", water is a base.
oton, so H,0 is an acid. Because NH, accepts the

8
Solution:
1 Because HCl is converted to CI by donating proton, HClis an acid.
2 Because H,0 accepts the proton that HCt
3. H,0isconverted to OH by donating a pr
proton and forms NH,”, so it is a base.

e

RREAL
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CONCEPT ASSESSMENT EXERCISE 10.1

ldentlfy Bronsted acids and Bronsted bases inthe followmg reactlons.

e HZSO4 + H,0 ——-—%H.S'()4 + H 0+
2, CH3;COOH + H,0 —=CH3C00™ + H;0*

3. HpS+NHy —= NH{ +HS™

-\ S

10.2 STRENGETH OF ACIDS AND BASES

All the acids and bases do not ionize in aqueous solutions to the same degree. Therefore,‘,they
have different strengths.

10.2.1 Strong and weak acids
An acid that ionizes completely in aqueous:solution is called a strong acid. For example, H),
HNO,, H,S0, etc are strong acids. They ionize 100% in aqueous solution. All the molecules of strong
acids ionizes in water. :

H,0 _
HClgy _~, Hag+ Cl g

H,0
HNOsq 25 Htag+ NOI™

H,0
—

H,S04 ) 2H* (aq) + SO0F o)

Acids that do not ionize completely in aqueous solutions are called weak acids. Fewer molecules
of weak acids ionize in water. For example, ethanoic acid(acetic acid) which is found in vinegar

jonizes only up to 5% in water. So, ethanoic acid acid is a weak acid.

CH,COOH H +CH,CO0

10. Strong and v veak base

Like acids, bases can also ionize in water to different degree. A base that ionizes completely or
100% in aqueous solution is termed as a strong base. For example, NaOH, KOH, Ca(OH), etc are

strong bases.
H,0 i _
NaOH —— Na™aq) t OH™ (aq)

H,0 -
KOHi —— K'(aq)+ O0H  (ag)

A base that ionizes to a little extent is called a weak base.Such bases produce fewer OH"ions in
aqueous solution. Al(OH),, NH; etc are weak bases.

H,0 + NHy=—=NH," + OH~
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Jnit 10: Acids, Bases ang saiis.

bases donot dissolve in water. For ey Ichisan alkali KOH or NaOH?
Al(OH), and ferric hydroxide Fe(OH),. Al| ﬁ"éple’_mpper hydroxide(Cu(OH), aluminiun hydroxide

A alis. Many household items such as Soaps?/dromdes are bases and only water soluble bases are

10.3 CHARACTERISTIC PROpP etergents, shampoos, toothpaste contain alkali.

LT ERTIES OF ACIDS

Gen eral properties of acids are as follows:

’ Acids have sour taste.

2. Acids change the colour of blue litmys Paper tored

3, Acids react with most metals ang corr .
magnesium, aluminium and ca|

chloride with the liberation of hyd
acid to produce magnesium sulpha
can be described by the following

Metal + Acid o
For example:

In o+ MO~ 7nCl, 4,
Mg + HS0, — MgSO,+ H,

rogen gas. Similarly, magnesium reacts with sulphuric

te and hydrogen gas. The reactions of metals with acids
equations.

Salt + Hydrogen gas

Acids react with metal carbonates to form salts, water with the liberation of carbon
d1c_)x1de. The l!berate‘d carbon dioxide forms bubbles in water. For example hydrochloric
acid reacts with §od1um carbonate to forn sodiun chloride, carbon dioxide and water.
Similarly, sulphuric acid reacrs with calcium carbonate(lime stone or marble) to produce

calcium sulphate, carbon dioxide and water, The reactions of metal carbonate with acids
can be represented by the following general reaction.

Metal carbonate + Acid —
For example:

Na,CO, + HCl -

Salt + Water + Carbondioxide

NaCl + H,0 +CO,
CaCO, + H,S0, —  (CaSo,+H,0 + CO,
This reaction is used in the industrial preparation of glass, paper and soap.

Acids combine with bases to produce salt and water. This reaction is called as
neutralization reaction. For example, hydrochloric acid neuutralizes sodium hydroxide to
form sodium chloride and water. Similarly sulphuric acid combines with potassium

hydroxide to produce potassium sulphate and water. Neutralization reactions can be
represented by the following general reaction.

Acid + Base — Salt + Water
For examples:

HCI + NaOH — NaCl + H,0

HSO, + KOH — KSO, + HO0

Normal rain is slightly acidic due to dissolved carbon dioxide. As a result of human activity, many
oxides enter the atmosphere, which makes rainwater more acidic, which falls as acid rain .Acid

[ ——

(8 CamScanner
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Unit 10: Acids,

e corrosive nature of acijqs

ric acid. Due to th
) Ag

etals and metal carbonagg, Yiq A

ric and sulphu
vironmental chemistry, %%
J

and st

atues containing m

olved nitr dings
buildings id rain in the chapteron en

rain contains diss
' tructures _
can damage s , g ofaci

learn about the consequ , i
10.4 CHARACTERISTIC PRQP
General properties of bases areé as follows:

ave bitter taste: : , :
(i f red litmus paper to blue.

ERTIES OF BASES

1.
2. Bases change the colouro : T
3 Aqueous solution of bases have slippery touch.
4. Bases neutralize acids toform .salt and water.
For.Example:
HSO; .~ * NaOH 2. Na,50, + H.0
5 Bases decompose ammonium saltson heating and liberate ammonia gas.
For Example: ' | ' : .
Base + Ammoniumsalt — Salt  + Ammonia + water
NaOH +" NH.C — NaCl + NH, +HO
KOH + NHCI _, KO+ NH, +HO

10.5 OXIDESAND HYDROXIDES .
Bases and hydroxides of metals consists of oxides and hydroxides of metals. Metallic OXides 3
the compounds formed by the reaction of metals with oxygen. For example, sodium reacts \m:

Similarly magnesium on ignition in air burns prodyg

.oxygen to produce sodium oxide (Na,0).
magnesium oxide(Mg0).

Metal + Oxygen — Metal oxide
For example: '
4Na + O, — 2Na,0
2Mg + O, — 2 MgO
ve in water, resulting in metal cations and oxide ijons in aquec

When metal oxides dissol

solution. Because oxide ion
" molecules and become hydroxide ions, and the w
Which species is the proton donor in the following reaction?

OF + HOH — 20H"
Metal hydroxide

s are unstable in water, they i mmediately accept protons from wa
ater molecules also become hydroxide io

Metal oxide +water —

For example:
Mg + HO  —  Mg(OH),

Na,0 + H0 —» 2NaOH

ca0 + HO — Ca(OH),
cter

Most mgtal oxides and hydroxides are very basic in nature. They show the chara
properties of bases. However, some metal oxides and hydroxides do not dissolve in watel

behave in chemigal rgactions like both acids and bases. Such metal oxides and hydroxides
calle_d .amphotenc.ox1des and hydroxides, respectively. For example, aluminium oxide (A
alunimium hydroxide Al(OH), zinc oxide(Zn0) and zinc hydroxide(Zn(OH),,etc. '

—

grecaes e T
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—@

dingto Arrhenius theory, an acid is a gj ' nwate
' pase is a substance that orisne i bstance that ionizes in water to produce H+ions
anC¢’ st 1onizes in water to produce OH- ion .
ce OH- fons.

-Lowryacidisa :
. ABronsteCL Lowry proton donoranda base is a proton acceptor.

ong acid completely dissociates in 3 : ' o :
L inS;queous solution. queous solution and a weak acid dlss_ociat'e partially

letely dissoci :
| j stong base comp y dissociates in aqu . s
partiallyi" aqueous solution. Queous solution and a weak base dissociates

, pasesare oxides and hydroxides of metals.

, Alkalisaré water soluble bases.

, Acids neutralize bases to form salt and water.

, Acids decompose carbonates to form salt, water, and carbon dioxide.
dscorrode metalsand formsaltandhydrogen o)

. Aci

peferences for additional information

., Longman Chemistry for IGCSE.

. IGCSE Chemistry.

. Cambridge IGCSE, Chemistry.

. Theories of Acids and Base Chemiguide. ‘

REVIEW QUESTIONS

(h Which of the following cannot be classified as Arrhenius acid?

(@) HNO; (b)  HLCO,
(c) Co, (d)  HS0,
(i)  Which of the following is a Bronsted base? |
(@) NH, (b)  HC
(d) H,0’

()  CH,COOH

(iii)  Milk of magnesia contains M
stomach acid. Which salt is

(@)  MgSO,
(c)  MgCl
(i)  Ammonia is a base, because it
(a) lonizes in water to give OH'ions
()  Canacceptanelection pair

g(OH),. It is used as antacid. It neutralizes excess
formed in this reaction?

(b)  MgCO;

(d  MgO

(b) Contains OH group
(d)  Canacceptproton

\
I ® U = \ T s B AR RO AR BT
:l:"j A Ay
R e
L
'
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(v) Consider the following reaction.

H,0 + HCl=—=H30"* + Cl”

Which species is an electron proton acceptor in this reaction?
(b)  HCl

(@ HO
(c) H,0 (d) none .

Give short answer.
(i) Write the equation for the self-ionization of water.
(ii)
(iii)  WhyHCl acts as a strong acid?

(iv)  Why NH, acts as Bronsted-Lowry base?

Define and give examples of Arrhenius acids.

(v)  Whyammonia acts as a weak base?

Ammonium hydroxide and nitric acid react and produce ammonium nitrate and y,
Write balanced chemical equation for this neutralization reaction. i,

Write balanced chemical equations for the following chemical reactions.
(i) Sulphuric acid + Magnesium hydroxide — magnesium sulphate + water,
(i)  Sulphuricacid + Sodium Carbonate —— Soduimsulphhate + water.

(iii) Hydrochloric acid + Magnesium —— Magnesoum chloride + water

Identify Bronsted -Lowry acids or bases in the following reactions:

(i)  NH; + HNO; ——— NH,NO;
Give the Bronsted-Lowry definition of an acid. Write an equation that illustrates the

definition.
Identify Bronsted acids and Bronsted bases in the following reactions.

Classify water as proton donor or proton acceptor.

(i) CH3COOH(aq) + Hp0==CH3C007 (4q) + H30% (aq)
(i) HCO3 ) + Hp00) ==C03(,q) + H30%q)

(iii)  NHyeg) + Hy0q) ==NH] ,  + OH (aq)

(iv)  HClagy + HCO3 (== H2C03(aq) + CI” (aq)

(V) HS™(aq) + HaOg)=—=5"%(aq) + H30" (aq)
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write equations showing the tontzation of the fol\owing as Arthentus acids.
(a) Hla) (b)  HNOy
write equations showing the fonization of the following as Arrhenius acids.

— compare the relative concentrations of |

' drogg (

10 solution. ydrogen fons and hydroxide fons in each kind o
(a) acidic (b)  basic (©  neutral

1" Codeine, C,4H,NO, Is a commonly prescribed pain killer. It dissolves in water by the
following reaction? , .

CraH2iNOy + Ha0 weser [C\4Hy HNOG | 4 -
pifferentiate Codeine and water as B'ronsted-l.oWry acld or base.

;3. Examine some ways In which you might determine whether a particular water solution
contains an acid or a base,
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examine the labels of at least three antacid preparatfons, Make a list of the Ingredients

in each. Write a balanced chemical equation for the neutralization reaction that takes
place when these antacids react with HCl in the stomach.
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