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Chapter-4 Structure of Molecules

Q.1

Ans:

Q.1

Ans:

Q'

Ans:

INTRODUCTION

What is a chemical bond? (RWP 2017)(K.B)
HEMICAL BOND

“A chemical bond is defined as force of attraction between atoms that holds them

together in a substance ”.

Example:
A bond formed between H and CI atoms in a molecule of HCI.

4.1 WHY DO ATOMS FORM CHEMICAL BOND?

4.2 CHEMICAL BOND
What is a chemical bond and why do atoms form chemical bonds? (Ex @70 U.B+K.B)

HEMICAL BOND
“A chemical bond is defined as force of attraction between ato@ holds them

together in a substance .

Example:

A bond formed between H and Cl atoms in a molecule of HC
WHY DO ATOMS FORM CHEMICAL

Atoms form bonds to get stability

*

Achievement of Stability:
It is a universal rule that everything in this world t tOecome more stable.

Atoms achieve stability by attaining electroni ation of inert gases (He, Ne or Ar
etc) i.e. ns® np® having 2 or 8 electrons in the Yal shell is sign of stability.

Rules to Complete Valence Shell:

Following are two rules by which ato plete their valence shells:

(i) Duplet rule:
Attaining two electrons in the w@e is called duplet rule. For example helium (He).

(i) Octet Rule:
An atom having eight electrogs I valence shell is called octet rule. For example Neon (Ne).
Why Noble Gases a ctive?
The noble gases d§ haie 8 electrons in their valence shells. It means all the noble
gases have their valgnce shells completely filled. Their atoms do not have vacant space
in their valence $hell Yp accommodate extra electrons. Therefore, noble gases do not gain,
lose or share ofts. That is why they are non-reactive.
Noble Gas Electronic Configuration:
e of the noble gas electronic configuration lies in the fact that all other
r best to have the noble gas electronic configuration. For this purpose atoms

Dhge,Wigh one another, which is called chemical bonding. In other words, atoms form

h&gieal bonds to achieve stability by acquiring inert gas electronic configuration.

at is octet rule? Why do atoms always struggle to attain the nearest noble gas

electronic configuration? (Ex-Q.11)(U.B+K.B)
OCTET RULE
“The attaining of 8 electrons configuration in the valence shell, either by sharing, by
losing or by gaining electrons is called octet rule .
Examples:
All noble gases except helium follow octet rule.
ATTAINING NEAREST NOBLE GA NEIGURATION

Atoms always struggle to attain the nearest noble gas electronic configuration in order
to become more stable.
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Q.3

Ans:

Q.4

Ans:

Q.5

Ans:

Q.6

Ans:

Methods to Accommodate 8 Electrons in Valence Shell:

An atom can accommodate 8 electrons in its valence shell in three ways:

(i) By giving valence shell electrons (if they are less than four) to other atoms.

(i) By gaining, electrons from other atoms (if the valence shell has five or more electrons in it)
(iii)By sharing valence electrons with other atoms.

It means every atom has a natural tendency to achieve 2 or 8 electrons in its valence shell.
The atoms having less than 2 or 8 electrons in their valence shells are unstable.

How Can We Identify the Way an Atom Reacts?

The position of an atom in the periodic table indicates its group number. & oup
number is assigned on the basis of valence shell electrons. @

Examples:
e Group 1 has only 1 electron in its valence shell.

e Group 17 has 7 electrons in its valence shell.
e Mode of reaction of an atom depends upon its number of ncegshell electrons.
Bond Formation:

(i) Between Atoms:

If bond formation is between similar atoms or he atoms that have comparable
electronegativities, then the chemical bond or n is by 'sharing' of electrons. This
sharing of electrons may be mutual or @
(iii)Effect of Attractive and Repulsi bn Bond Formation:

When two approaching atoms co w ne attractive as well as repulsive forces
become operative. The formatign oM@ chemical bond is a result of net attractive forces
which dominate. The ene&ﬂ at system is lowered and molecule is formed.
Otherwise if repulsive forges e dominant no chemical bond will be formed. In that
case there will be incigasgsf the energy of the system due to creation of repulsive forces.

4.1 WHY DO ATOMS FORM CHEMICAL BOND?

4.2 CHEMICAL BOND

SHORT QUESTIONS

' @ s form chemical bonds? (U.B)
er OWEEN on pg # 123
Oble’'gases are non-reactive? (U.B)

(i) Between lons:
If the bond formation is between ions, it is due to ani‘ tic force between them.

Ver given on pg # 123
Importance of the noble gas electronic configuration. (U.B)
Answer given on pg # 123
Define duplet rule. (K.B)
Answer given on pg # 123
What is octet rule? (K.B)
Answer given on pg # 123
Define chemical bond. (RWP 2017 G-11)(K.B)

Answer given on pg # 123
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Q.7  What is the rule by which atom complete their valence shell? (U.B)
Ans: RULES T MPLETE VALENCE SHELL

Following are the rules by which atoms complete their valence shells:

Duplet Rule:

“Attaining of two electrons in the outermost shell either by sharing, gaining or losing of
electrons is called duplet rule”.

Octet Rule:

“The attaining of 8 electrons configuration in the valence shell, either by shafng, by
losing or by gaining electrons is called octet rule .

4.1 WHY DO ATOMS FORM CHEMICAL BOND?
4.2 CHEMICAL BOND
MULTIPLE CHOICE QUESTIONS

1. Atoms react with each other because: ¢ (GRW 2016)(U.B)
(A) They are attracted to each other (B) They are sh ctrons
e

(C) They want to attain stability (D) They w, rse

2. Atoms achieve stability by attaining electronic conpig@€ation of: (U.B)
(A) Halogens (B) Transition metals(C) Nob@ses (D) Non-metals

3. Electronic configuration of Ne is: (K.B)
(A) 15, 25, 2p° (B) 2%, 2p° s, 1p° (D) 15°, 25°, 2p*

4, Noble gases have or ons in their valence shell. (K.B)
(A)2or8 (B) 2 or 10 lor7 (D)3or5

5. Noble gases are: (K.B)

(A) Reactive (B) Very react (C) Unstable (D) Non-reactive
6. An atom can accommodate @i ecfrons in its valence shell by electrons. (U.B)

(A) Gaining (B) & (C) Giving (D) All of these
7. The number of electgorEd
B)

lence hell of halogens: (FSD 2017 G-11)(K.B)
(C)7 (D) 8

4.3 TYPES OF CHEMICAL BOND

4.3.1 IONIC BOND

fpes of chemical bonds? Also define bonding electrons.
onic bond? Discuss the formation of ionic bond between sodium and chlorine

Q.1

A) TYPES OF CHEMICAL BOND

re are four types of chemical bonds depending upon the way how valence electrons
are involved in bonding.

(i) lonic Bond

(i1) Covalent Bond

(iii)Dative Covalent or Coordinate Covalent Bond

(iv)Metallic Bond

Bonding Electrons:

“The valence electrons, which are involved in chemical bonding, are termed as bonding electrons”.
They usually reside in the incomplete or partially filled outermost shell of an atom.

Ans:
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(B) IONIC BOND
Definition:

“The type of chemical bond which is formed due to complete transfer of electron from
one atom to another atom is called ionic bond .

Examples:

e Bond between Na and Cl in NaCl

e Bond between K and Cl in KCI

Elements Forming lonic Bond:

The elements of Group-1 and Group-2 being metals have the tendency t%‘heir

valence electrons forming positively charged ions whereas non-metals of G 5to
Group-17 have tendency to gain or accept electrons. They are electrone eféments
with high electron affinities. If atoms belonging to these two different @ metals
and non-metals, are allowed to react, chemical bond is formed.
If the difference of electronegativity between two elements is morgthah 1.7 then the
bond between them will be predominantly ionic bond.

FORMATION OF IONIC BOND IN NAC .

The formation of NaCl is a good example of this type of bond-
2Nag + Clag ——> 2NaCI®
=11) and chlorine (Z=17).

Sodium chloride is a simple compound formed from sdQi

Ground State Electronic Configuration:

The ground state electronic configuration of the@ents is:
L.

. 152,252 2 "‘,ii'_'___?

Z
®
Il

a .
or | Na

! 3p5; or | X CIx

The frames indicate electrons in v hells of these elements; sodium has only one
electron and chlorine has s
Tendency to Lose and Gai
Sodium being electrgp

ment has the tendency to lose electron and chlorine
ent, has the tendency to gain electron. Therefore, they
form positive and riggalive 1ons by losing and gaining electrons respectively. They attain
electronic configaratign fo the nearest noble gases. 15, 2s%, 2p°, 3s%, 3p° (Ar).

Following a eps involved for the formation of ionic bond in sodium chloride (NaCl):
(i) Forgmsiomdf Na' lon:
Sogli ‘@ loses one electron from the outermost shell and becomes sodium (Na™) ion.
e Sgcond shell becomes valance shell with 8 electrons.
ation of CI lon:

Q
&m atom gains one electron in the outermost shell and become CI" ion with 8 electrons.

Na — ‘Na* + e
1¢%, 2¢°, 2p° (Ne)
Cix + 6 —> 28l o or
1s?, 2%, 2p°, 35, 3p° (Ar)
(iii) Establishment of lonic Bond:
Na" and CI" ions stabilize themselves by combining with each other due to electrostatic
force of attraction between them.

Na*® + CI'—— NaCl
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(iv)Conditions of lonic Bond Formation:

e |t is to be noted that only valence shell electrons take part in this type of bonding
while other electrons are not involved.

e Insuch type of reaction heat is usually given out.

e The compounds formed due to this type of bonding are called ionic compounds.

4.3 TYPES OF CHEMICAL BOND

4.3.1 IONIC BOND
SHORT QUESTIONS

Q.1  Which electrons are involved in chemical bonding? @U.B+K.B)
Ans: Valence shell electron are involved in chemical bonding.

Q.2 What are bonding electrons? o (K.B)
Ans:  Answer given on pg # 125

Q.3  What s ionic bond? L 4 (K.B)

Answer given on pg # 126
4.3 TYPES OF CHEMICAL BOND

4.3.1 IONIC BOND
MULTIPLE CHOICE QUESTIONS

1. The types of chemical bond are: (GRW 2014)(K.B)
(A1 (B)2 (D)4

2. Chlorine has electrons @ AuUter most shell: (GRW 2014)(K.B)
(A)3 (B)4 €7 (D)8

3. After gaining one electro rife atom attains the electronic configuration of
which noble gas? (LHR 2015)(U.B)

(A) Helium (B% (C) Argon (D) Krypton
4, The formation offonig b etween the ions is due to: (K.B)
(A) Hydrogen bon& ) Electrostatic forces (C) Metallic forces (D) All of these
5. How many valefice Nell electrons are there in Na* ion? (U.B)
¢ (B)9 (C) 10 (D) 11
6. yuration of sodium is: (U.B)

(C) 1s% 25°, 2p° (D) 1%, 2%, 2p°, 352

BOND FORMATION BETWEEN SODIUM AND CHIL ORINE

odium forms chemical bond with chlorine because:

e Sodium has only one electron in its valence shell and has tendency to lose one
electron while chlorine has seven electrons in its valence shell and has tendency to
gain one electron, this favours the transfer of electron from sodium to chlorine and
forms chemical bonds.

e Sodium is electropositive in nature, and is at high energy state while chlorine is
electronegative and is at low energy state. This energy difference favours the
formation of chemical bond between them.
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il.
Ans:

iii.
Ans:

iv.
Ans:

Ans:

Vi.

Ans:

Ans:

Why does sodium lose an electron and attains +1 charge? (U.B)
ATTAINING OF +1 CHARGE

Sodium is electropositive in nature, it easily loses its valence electron to attain noble gas

electronic configuration like ;oNe.

lossoneelectron

Na,, — e 5 Na* +le”

(2,8,1) (2,8)
How do atoms follow octet rule? (U.B)
OCTET RULE
Atoms follow octet rule to achieve stability by attaining noble gases$éleconic
configuration. Atoms follow octet rule in three ways: &
e By giving valence electrons (If less than 3) to other atoms. @
e By gaining electrons from other atoms (if the valence shell haveb electrons
in it).
e By sharing electron with other atoms.
Which electrons are involved in chemical bonding? L 4 (U.B+K.B)

Only valence shell electrons are involved in chemical ich are called bonding
electrons. The inner shell electrons do not take part i bonding.
Why does group lelements prefer to combine witlygroup 17 elements? (U.B)

COMBINATION OF GROUP, 7 ELEMENTS
Group | elements are highly electropositive wgt onization energies. Thus they have
tendency to lose electrons easily and RecameWpositive ions. On the other hand group 17

elements are highly electronegative Mith ionization energies. Thus they have
tendency to gain electron easily and@becQipe #egative ion. Therefore group | elements

prefer to combine with group 17 to form ions and develop ionic bond due to

electrostatic force of attractign. Q

Why chlorine can accept 0& tron? (U.B)
A EOF1ELECTRONBY CI

Chlorine has seve eﬁ;?’in its outermost shell. It requires only one electron to

10 gain electronic configuration of noble gas (Argon (igAr).

complete its valen®
only one electron.

That’s why it acggpt
4.3.2 COVALENT BOND
ond. Explain the types of covalent bond.
(MTN 2016, BWP 2016, FSD 2017, GRW 2016 G-1)(U.B+K.B)
OR
types of covalent bond with at least one example of each. (Ex-Q.5)
COVALENT BOND

xamples:
Bonds formed between atoms in hydrogen, chlorine, nitrogen and oxygen are covalent in

nature.
Elements Forming Covalent Bond:

The elements of Group-13 to Group-17 when allowed to react with each other, they
form a chemical bond by mutual sharing of their valence shell electrons.

When bonding atoms have comparable values of electronegativity they share their
electrons and form covalent bonds.
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Formation of Covalent Bond:

The energy changes during the covalent bond formation are of considerable value. When
two atoms approach each other attractive forces develop between electrons of one atom
and nucleus of other atom. Simultaneously repulsive forces between electrons of the two
atoms as well as between their nuclei are also created. When the attractive forces
dominate due to decrease in distance between those two atoms, a chemical bond is
formed between them. By this mutual sharing of valence shell electrons eacly of the
contributing atom attains the "octet’ or nearest noble gas electronic configu
Bond Pair:

The covalent bond is formed by mutual sharing of electrons between ms. The

electrons that pair up to form a chemical bond are called 'bond pai% i

TYPES OF COVALENT BONDS
Depending upon the number of bond pairs, covalent bond is classified into fo

e Single Covalent bond .
e Double Covalent bond

e Triple Covalent bond @

Q) Single Covalent Bond:

“When one electron is contributed by each bor@%&w, one bond pair is formed and it

ing three types:

forms a single covalent bond”.
Representation:

It is indicated by single line (=) betw: 0 bOpded atoms.

Examples:

Hydrogen (Hz) chlorine (Cly), 0 oric acid (HCI) and methane (CHy,).
ex H or H—H M H

2
single covalent bond

; Hex cX- H-C-H
Ccl— \ H—Cl & o
(i)  Double Cov,
“When two ﬁ’gins are contributed by each bonded atom, two bond pairs are formed
and iz ouble covalent bond”.

eples ion:
ks inditatéd by two lines (=) between two bonded atoms.
les:

Oxygen (O,) gas, ethene (C,H,).

L] XX L L] XX

O: + ; ® X —— .
P o —_— .O. . xx ’ or O p— O ; 02
double covalent bond
He .xH H\ H
Hel C=c
He “H v’ “H
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(iii)

Q.1

Ans:

Q.2

Ans:

Triple Covalent Bond:
“When three electrons are contributed by each bonded atom, three bond pairs are
formed and it forms a triple covalent bond”.

Representation:

It is indicated by three lines (=) between two bonded atoms.

Examples:
Nitrogen (N>) gas:

eNe= + x

IN: iN¥ or N=N; N,
triple covalent bond \

Ethyne (C,H,) gas: @
HexC% 3C exH H—C=C—H

By this mutual sharing of valence shell electrons, each of the@outing atom
attains the "octet’ or nearest noble gas electronic configuration.

4.3.2 COVALENT BOND

SHORT QUESTIONS ¢,
Define covalent bond. P 206, MTN 2016, FSD 2017 G-I)(K.B)

Answer given on pg # 128
Define single covalent bond. Give example (K.B)
Answer given on pg # 129

Define double covalent bond? Give exagp
Answer given on pg # 129 .

4.3.2 COVALENT BOND
MULTIPLE CHOICE QUESTIONS

x'Zx

X
X

(SGD 2016, GRW 2016 G-1)(K.B)

A bond formed betviige qis#OInon-metals is expected to be: (K.B)
(A) Covalent \& Bflic (C) Coordinate (D) Metallic
The example ofgin e Gpvalent bond is: (U.B+A.B)
(A) N2 . B) Cl, € O, (D) CoHq4
H,C; is an @Ie of: (U.B+A.B)
(A) Sin (B) Double bond (C) Triple bond (D) None of these
ich is formed due to mutual sharing of electrons is called: (K.B)
nd (B) Covalent bond  (C) Dative bond (D) Hydrogen bond
js an example of: (U.B+A.B)
Single covalent bond (B) Double covalent bond

C) Triple covalent bond (D) Coordinate covalent bond
The number of electrons participating in double covalent bond is: (GRw 2017 G-1)(U.B)
(A) 2 (B) 4 (©)6 (D) 8
Which molecule has triple covalent bond? (LHR 2017 G-11)(U.B+A.B)
(A) Hz (B) Oz (C) N2 (D) CaHq4
How many electrons are involved in the formation of single covalent bond?(RWP 2017 G-II)(U.B)
(A) Two (B) Four (C) Six (D) Eight
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4.3.3 DATIVE COVALENT OR COORDINATE COVALENT BOND

Q.1 Define the coordinate covalent bond. Explain coordinate covalent bond with the

help of example. (U.B+K.B+A.B)

(SWL 2016,17, FSD 2016, RWP 2016,17, SGD 2017, DGK 2017, BWP 2017, GRW 2017 G-1, LHR 2016 G-I)
OR
How a coordinate covalent bond is formed? Explain with examples. (Ex-Q.6) (SGD 2017 G-I)
Ans: RDINATE VALENT BOND

Definition:

“Coordinate covalent or dative covalent bonding is a type of, covalent bondi% hich

the bond pair of electrons is donated by one bonded atom only.”

Examples: @

e Bond between NH3 and BF3 in NH3;BF;

e Bond between NH3 and H" in NH,* o

Donor:

“An atom which donates the electron pair is called donor”. @’

Acceptor:
“An atom which accepts the electron pair is called acc@
Representation:

A small arrow (—) is usually used to indi% tom and pair of electron being

donated. The head of arrow is towards the ac tom.

Lone Pair of Electrons:

The non-bonded electron pair availa tom in a molecule is called lone pair of
electrons.

Example:
The electron pair available on ni en atom in ammonia (NH3) molecule is called
lone pair of electrons.

Example 1 (Formati@Qn monium Radical (NH;"):
um ion, the nitrogen of NHj; is the donor atom while

In the formation
hydrogen ion H” isYhe §cceptor atom.
¢ +
H H

eHx-rﬁ:/DH* | HeN—H

H H
& Ammonia Hydrogen ion Ammonium ion

(donor) (acceptor) (adduct)
ngle 2 (Formation of Co-ordinate Covalent Bond Between Ammonia and Boron
rifluoride):

In the formation of BF;3 (boron trifluoride) molecule, three valence electrons of boron
atom (Z = 5) pair up with three electrons, one from each three fluorine atoms. The boron
atom even after this sharing of electrons (covalent bond formation), remains short or
deficient of two electrons in its outermost shell. Now if a molecule with a lone pair
approaches this molecule, it accepts lone pair from that donor and forms a coordinate
covalent bond. The lone pair on nitrogen of ammonia molecule makes it a good donor
molecule to form a coordinate covalent bond.
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g HoEy
HxeN e Boxfr— | BoNi—B o[k
H §XFX§ H %% |
(donor) (acceptor) (adduct)

4.3.3 DATIVE COVALENT OR COORDINATE COVALENT BOND

SHORT QUESTIONS

Q.1 What is meant by lone pair of electrons? (RWP 2016, SG
Ans: LONE PAIR OF ELECTRONS
The non-bonded electron pair available on an atom in a molecule is call@e
electrons.
Example:

pair of electrons.
Q.2  What is the difference between donor and acceptor?

Ans: DIFFERENTIATION
The differences between donor and acceptor are as f@

The electron pair available on nitrogen atom in ammonia (Nwwcule is called lone

(FSD 2017 G-1)(U.B)

e An atom which donate the elegirog
pair is called donor.

An atom which accept the electron
pair is called acceptor.

fl 3
HX°N® Lone P :B. x;f::;g
32
or (Acceptor)
Donor always inYat Ieast one lone | Acceptor must be deficient of two
pair of electron electrons in valence shell.

@ QI MULTIPLE CHOICE QUESTIONS

g of the following is an electron deficient molecule? (LHR 2016 G-1)(U.B)
3 (B) BFs (C)N. (D) O,
ative bond is formed between ammonia and boron trifluoride the donor atom is: (Z.B)

(A) Fluorine (B) Boron (C) Hydrogen (D) Nitrogen

3. NH,4Cl is an example of: (U.B)
(A) Covalent bond  (B) lonic bond (C) Dative covalent bond (D) All of these

4, Coordinate covalent bond is also known as: (K.B)
(A) Dative covalent bond (B) Double covalent bond
(C) lonic bond (D) Triple covalent bond

5. BF; is deficient of electrons: (U.B)
(A) Three (B) Four (C) Two (D) Five
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4.3.4 POLAR AND NON POLAR COVALENT BOND
Q.1 Explain in detail the polar and nonpolar covalent bond. (SWL 2016)(U.B+K.B)
OR
How can you justify that bond strength in polar covalent compounds is comparable
to that of ionic compounds? (Ex-Q.2)(U.B)
Ans: POLAR AND NON-POLAR COVALENT BOND

(1) Non-Polar Covalent Bond:
“A covalent bond is formed between two similar atoms (homo-atoms) in which h& pair

of electrons is attracted by both the atoms equally, called non-polar covalent bon

Explanation
These bonds are formed by equal sharing of electron pair between th bonding
atoms. This type of bond is called a pure covalent bond.

Examples:
Bond formation in Hy, Cl,, Oz, Noand F.

(ii) Polar Covalent Bond:

“A covalent bond is formed between two different types of @:ﬁ
pair of electrons is not attracted by both the atoms equa i g0l
Examples:

Water, hydrogen fluoride, hydrogen chloride t

Formation of Polar Bond:

The difference between electronegatiSiti
electronegativity of chlorine is mor
with a greater force. A partial ne

[ietero-atom) in which bond
polar covalent bond .

hydrogen and chlorine is 1.0. As the
act® the shared pair of electron towards itself
arge is therefore created on chlorine and in

turn a partial positive char ydPogen due to electronegativity difference. It creates
polarity in the bond and is c ar covalent bond.
Delta (8) sign: a
The delta (8) sign fpdiQatessgartial positive or partial negative charge that is developed
due to unequal shaRy f shared pair or bonded pair of electrons.
Polar Compounds:

“The comp eﬁjlting from polar covalent bonds are called polar compounds .

Exampl

on of Nature of Chemical Bond:
el€ctronegativity values, it is possible to predict whether a chemical bond will
nic or covalent in nature.’ A bond formed between elements of high
electronegativity (halogen group) and elements of low electronegativity (alkali
etals) are ionic in nature there is complete transfer of electrons between them.
Criteria:
o If the difference of electronegativities between two elements is more than 1.7 the
bond between them will be predominantly ionic bond.
e [Ifitislessthan 1.7, the bond between two atoms will be predominantly covalent.
e If the difference of electronegativities between two elements is zero, the bond
between them will be non-polar.
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4.3.4 POLAR AND NON POLAR COVALENT BOND

SHORT QUESTIONS

Q.1  Define non-polar covalent bond. (MTN 2017, FSD 2017, SWL 2016, LHR 2016)(K.B)
Ans: Answer given on pg # 133
Q.2  What s polar covalent bond? (SWL 2017)(K.B)

Ans: Answer given on pg # 133
4.3.4 POLAR AND NON POLAR COVALENT BOND

MULTIPLE CHOICE QUESTIONS

1. Identify which pair has polar covalent bond? (U.B)
(A) 0O, and Cl, (B) H.O and N, (C) H,0O and C,H, (D) Cl

2. Which one is polar molecule? (LR 20%G-11)(U.B+K.B)
(A) H, (B) HCI © Cl, (D

3. In non-polar covalent bond the bonded atoms share the electr Ps (U.B)
(A) Unequally (B) Equally (C) Differently ) Oppositely

4, In polar covalent bond molecules are: (U.B+K.B)
(A) Homoatomic (B) Tri-atomic (C) Heter, I (D) Monoatomic

5. Indicate which molecule is non-polar? { (U.B)
(A) NaCl (B) KBr

(U.B+A.B)

The electronic configuration of carho
L

2 4
In subshells= 1s?, 252, 2
ii. What type of eleme
Ans: TE
The non-metallic_el&gneRgs with comparable values of electronegativity have tendency of
sharing electrons.
Examples:
The ele roup-13 to Group-17 usually have tendency of sharing of electrons.
iii. If rep orces dominate the attractive forces, will a covalent bond form?  (U.B)
X0

In shells =

(U.B)

Ans: DOMINANCE OF REPULSIVE FORCE

m pvedforces dominate the attractive forces, covalent bond will not be formed. This

i to increase in energy. The bond formation takes place when the attractive forces

Qwinate rather than repulsive forces.

iv. onsidering the electronic configuration of nitrogen atom, how many electrons are
involved in bond formation and what type of covalent bond is formed. (U.B)

Ans: ELECTRONIC CONFIGURATION OF NITROGEN

Electrons configuration of N =1s?,2s?,2p®
There are 3 unpaired electrons in a nitrogen atom which are involved in bond formation.
Nitrogen atoms will form three covalent bonds with other nitrogen atoms:
INGHENE ——INIENS — 5N =N or N,
Triple covalent bond is formed between nitrogen atoms.
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V.

Ans:

Vi.

Ans:

Vii.

Ans:

viil.

AnNs:

AnNs:

Point out the type of covalent bonds in the following molecules.

(U.B)

CHy, CyH4, Ha, Np, and O,

TYPES OF

CH, : Single covalent bond.
C,H, : Double covalent bond.
H, : Single covalent bond.

N2: Triple covalent bond.
O, : Double covalent bond.

What is a lone pair? How many lone pairs of electrons are present on

ammonia?

VALENT BOND

odgn in

(SGD 2017, RWP B)
LONE PAIR
The non-bonded electron pair available on an atom in a molecule is cal ir of

electrons.
Example:

There is one lone pair of electrons pressnt on nitrogen in am

Lone pair

21N

Why is the BF; electron deficient?

m%‘
@

(U.B)

BE; ELECTRON DEFRJC IS
Boron atom has total 5 electrons out of whi @ trons are present in valence shell.
These electrons share with three atoms4 lgf fluotiné®® form BF;.

(B . AFP
F

Now boron has 6 electrons i v@well in
its octet. That is why it is ca% on deficient molecule.
a molecule good donor?

S e
%OOD DONOR
re on atoms

in a molecule make a molecule good donor.
volved in bonding so they can be used to form further bonds.

What types of electron

Lone pairs of electfon
These electrons are Wot

Example: 2 4
In ammoni

coordinate
What j

Bonded Pair

v

pa ons is present is NHz molecule?
DIFFERENTIATION
_TRgdifferences between bond pair and lone pair are as follows:

Definition

BFs3, it still needs two electrons to complete

(U.B)

t bond with H"to form NH;;

a%ere& one lone pair of electrons on nitrogen atom which can form a
ce between bonded and lone pair of electron ‘and how many bonded

(RWP 2017, GRW 2016 G-11)(U.B)

o End pair of electrons is involve in bond

[ ]
formation

Lone pair of electron is not involved in
bond formation.

Example

In a ammonia molecule there are three .

bond pairs.

/N

In a ammonia molecule there are three
lone pair of electrons

A
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X. What do you mean by delta sign and why it develops? (U.B)
Ans: DELTA SIGN

The delta(s) sign indicates partial positive or partial negative charge that is developed due
to unequal sharing of shared pair or bonded pair of electrons.
Xi. Why does oxygen molecule not form a polar covalent bond? (U.B)
Ans: NON POLARITY OF OXYGEN MOLECULE
Oxygen molecule does not form a polar covalent bond because it consists of two similar
oxygen atoms (homoatomic). There is no difference of electronegativity and shaed pair
of electrons is attracted by both the atoms equally. X
1

xii.  Why has water polar covalent bonds? (DG U.B)
Ans: WATER HAS POLAR VALENT BOND
Water has polar covalent bond because there is difference of electro@ity (1.3)
between H and O atoms. The shared pairs of electrons are unequally ed oy both the
bonded atoms. Hence poles will beédeveloged and molecule will bec pofar.
H—OQO *

Q.1  What is metallic bond? Explain metallic bonding With the help of diagram. (Ex-7)
(SGD 2016, FSD 2016, 17)(U.B+K.B)
Ans:

“The metallic bond is defined as a bon
ions) due to mobile or free electrons

Example:

The bond found between at(@;m, calcium and magnesium metals.

Different Type of Metalld
The different propeyti

etween metal atoms (positively charged

by metals such as high melting and boiling points, good
conductions of heat apd electricity, hard and heavy nature, suggest existence of
different types ofchefpical bond between atoms of metals.

€ FORMATION OF METALLIC BOND
cleus over Outermost Electrons:

Bétause of low ionization potentials, metals have the tendency to lose their outer most
hell electrons easily. The loose or free electrons of all metal atoms move freely in the
spaces between atoms of a metal. None of these electrons is attached to any particular
atom.

Fate of Free Electrons:

They belong to a common pool or belong to all the atoms of that metal. Nuclei of metal
atoms appear submerged in sea of these free mobile electrons. These mobile electrons
are responsible for holding the atoms of metals together forming a metallic bond.
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METALLIC BOND

SHORT QUESTIONS
Q.1  What is metallic bond?

( 08#G-1, GRW 2016 G-11)(K.B)
Ans:  Answer given on pg # 136 @

Q.2  What types of elements form metallic bond? (U.B+K.B)

Ans: ELEMENTS FORMING
Metals form metallic bond because they havel Ization energies and high shielding
effect due to these properties metal atgm Joseel€Ctrons easily and form a sea of mobile

electrons with positive ions.
Examples:
e Sodium
e Calcium

4.4 INTER MOLECULAR FORCES
What are intermoleCulai#b1Pes? Compare this forces with chemical bond forces with
reference to HCI @ (Ex-Q.9) (SWL 2016, MTN 2016, RWP 2016, FSD 2016,17)(U.B+K.B)
Ans: NTERMOLECULAR FORCE

Definition:

“The force@agractlon present between molecules of a substance are called

intermo

OR
) that hold atoms in a compound are chemical bonds. In addition to these
t onding forces, relatively weak forces also exist in between the molecules, which
called intermolecular forces ”.

xample:

The bonding and intermolecular forces of hydrochloric acid.
chemical bond

intermolecular forces
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Q.2

Ans:

Comparison of Strength of Intermolecular and Intramolecular Forces:

(i) Intermolecular Forces:

Intermolecular forces are weaker them chemical bond (intramolecular forces).
Example:

It requires about 17 kJ energy to break these intermolecular forces between one mole of
liquid hydrogen chloride molecules to convert it into gas.

(if) Intramolecular Forces:

About 430 kJ are required to break the chemical bond between hydrogen and ciglorine
atoms in 1 mole of hydrogen chloride (Intramolecular forces).

TYPES OF INTRAMOLECULAR FORCE
All intermolecular forces, which are collectively called van der Waalgf'fgrces, are

electrical in nature. Following are the types of intermolecular forces:
(i) Dipole-Dipole Forces
(it) Hydrogen Bonding
Write a note on dipole-dipole interaction.
(FSD 2016, SWL 2016, SGD 20
DIPOLE-DIPOLE INTERACT

*

16, MTN 2017)(U.B+K.B)

Definition:
“The force of attraction present between partl end of one polar molecule and

partial negative end of other polar molecule dipole - dipole force .
Example: Q

é ......... H NARA Cl
Occurrence:
These forces occuri)\x Iecules in polar substances.

Dependence
These forces depgn

e Electron tlvw difference between bonded atoms

e Distanc en molecules

Devel Dlpole Dipole Forces:

(|) uIt from the attractions of opposite charges which may be temporary or

e unequal sharing of electrons between two different types of atoms make one
end of molecule slightly positive and other end slightly negatively charged.

iii) As shared pair of electron is drawn towards more electronegative atom, it is partially
negatively charged, as chlorine in hydrogen chloride. The other end automatically
becomes partially positively charged.

H o+ _Clﬁ—

(iv) When partial positive and partial negative charges exist at different positions in a

molecule, the adjacent molecules will arrange themselves in such a way that

negative end of that molecule comes near to positive end of other molecule.
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Q.3  Explain hydrogen bonding in detail.
(LHR 2016, FSD 2016, SGD 2016, MTN 2016, DGK 2016, SWL 2016, BWP 2017)(U.B+K.B)

OR
Define hydrogen bonding. Explain that how these forces affect th sical
properties of compounds. (Ex—Q& K.B)
Ans: HYDROGEN BONDING

Definition:

“The forces of attraction present between partially positively char en atom of
one molecule and partially negatively charged atom (N, O or F) of @gothér molecule is
called hydrogen bonding .

Partially positively hydrogen of one molecule attracts and for ﬁd with the partially
negatively charge atom of the other molecule, the bondinggds.C hydrogen bonding.
Explanation: @

Occurrence:

polar molecules. This bonding can be consider e dipole-dipole attraction.
Development of Hydrogen Bonding:

This force of attraction develops betweg
to a small, highly electronegative a '@

Hydrogen bonding is a special type of intermoleQa rces present in the permanently

ules that have a hydrogen atom bonded

ith Bene pairs of electrons such as nitrogen,

oxygen and fluorine. The covalent,bd een hydrogen atom and other atom becomes

polar enough to create a partial poSRive Charge on hydrogen atom and a partial negative

charge on the other atom. T | gize and high partial positive charge on the hydrogen
% ronegative (N, O or F) atom of the other molecule.

atom enables it to attract hi

Representation:

This force of attracgi &r sented by a dotted line (...... ) between the molecules:
S5+

Example:
5+‘

‘-\ ............... H()-\ ............... |_+|O\ ............... Hio\
&+ &+ &+ 3+
é H 5 I H
Effect en Bonding on Physical Properties:

Q) oints:
is, boiling points of the compounds are affected greatly.
o ances the force of attraction between molecules.

mple:
<BO|Iing point of water (100°C) is higher than that of alcohol (78°C) because of more

and stronger hydrogen bonding in water.
(i) Density of Water:
The important phenomenon of floating of ice over water is because of hydrogen
bonding. The density of ice at 0 °C (0.917 gcm™) is less than that of liquid water at
0°C (1.00 g/cm®). In the liquid state water molecules move randomly, however. When
water freezes the molecules arrange themselves in an ordered form that gives them open
structure. This process expands the molecules. That results in ice being less dense as
compared to water.
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4.4 INTER MOLECULAR FORCES

SHORT QUESTIONS

Q.1  What are intermolecular forces? (FSD 2017 G-11)(K.B)
Ans:  Answer given on pg # 137
Q.2  Define hydrogen bonding. (GRW 2016 G-11, LHR 2016 G-1)(K.B)

Ans:  Answer given on pg # 139
Q.3  What are dipole-dipole interactions?
Ans:  Answer given on pg # 138

4.4 INTER MOLECULAR FORCES

MULTIPLE CHOICE QUESTIONS /

1. Energy required to break forces of one mole liquid HCI molecule,if: (K.B)
(A) 16kJ (B) 15kJ (C) 17kJ (DWNL8K

2. The density of ice at 0°C is: (K.B)
(A) 0.917g/cm?® (B) 0.719g/cm® (C) 0.197g/cm® ’0.0917g/cm3

3. Which properties are affected by hydrogen bonding? (U.B)
(A) Physical (B) Chemical (C) lonic (D) Metallic

4, The bond dissociation energy of HCI molecule is: (GRW 2016)(K.B)

5. The boiling point of alcohol is: (GRW 2016 G-11)(K.B)
(A) 44°C (B) 19°C (D) 78°C

6. Ice floats on water because: (U.B)
(A) Ice is denser than water (BPWater is denser than ice

(C) Ice is crystalline in nature (D) Water molecule move randomly
7. Which type of force is presen!@rogen bonding? (LHR 2015)(U.B)
0 C

(A) Intermolecular forces (B& es (C) Covalent forces (D) Metallic force
8. Hydrogen bonding is prgsent (U.B+K.B)
le

(A) 430 kJ/mol (B) 340 ki/mol (0)@' ol (D) 304 kJ/mol

(A) Non polar molec@le (B) Temporary polar molecule

(C) Permanently p@lar Yol (D) Homoatomic molecule
9. Weakest force axn e molecules is: (U.B+K.B)
L 4

(A) lonic force (B) Metallic force
Ce (D) Intermolecular force
10. Metals ha or free electrons. (K.B)
(B) Tightly bonded  (C) Free (D) None of these
good conductor of heat and: (K.B)

High ionization energy (B) Low ionization energy
) High electron affinity (D) Less number of free electrons

4.3 TEST YOURSELF
I What type of elements form metallic bonds? (K.B)
Ans: METALLIC BOND
Metals form metallic bond because they have low ionization energies and high shielding
effect. Due to these properties metal atoms lose electrons easily and form a sea of mobile
electrons with positive ions.

11. :
& i (B) Energy (C) None of these (D) All of these
1@ have tendency to lose electrons due to: (U.B)
(
C
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Examples:
e Sodium

e Calcium
ii. Why is the hold of nucleus over the outermost electrons in metals weak? (U.B)
Ans: WEAK HOL D OF NUCLEUS
The hold of nucleus over the outermost electrons in metals is weak because of;
e Large sized atoms
e Greater number of shells in between nucleus and valence electrons

e Low ionization energy
iii. Why the electrons move freely in metals? \ .B)

Ans: FREE MOVEMENT OF ELECTRONS
Electrons move freely in metals because of large sized atoms, increased Idihg effect

and low ionization energy. Due to these properties the metals have ncy to lose
their outer electrons easily. Resultantly loose or free electrons of allgpetal atoms move

freely in the spaces between atoms of a metal. None of these electrons 18 attached to any
particular atoms. ¢

iv. Which types of electrons are responsible for holdings the ato gether in metals? (K.B)
Ans: ELECTRON HOLDING THE AT
Mobile electrons present within the metals are re{ for holding the atoms of

metals together forming a metallic bond.

V. Why a dipole develops in a molecule? (U.B)
Ans: DEVELOPME OLE
A dipole develops in a molecule dug tg.el egativity difference between the two

bonded atoms. The unequal sharing ofgle s between two different types of atoms
makes one end of the molecule s pogttive and other end slightly negatively
charged. Hence a dipole develops i cule.
Example: é
Ho Cl&m 1 Y C1%
Vi. What do you mean by inemcethgtipole? (U.B)
Ans: INDUCED DIPOLE
“A temporary dip ich§ produced in a non-polar molecule due to the influence of a
polar molecule is called%gn induced dipole .
The positive end®of Pglar molecule attracts the mobile electrons of the nearby non polar
molecule an cé@the polarity in non-polar molecule.
Vii. i rces of attraction not found in halogen molecules? (U.B)
Ans: NO DIPOLE FORMATION IN HALOGENS

of attraction are not found in halogen molecules because halogens are
molecules. Due to no difference of electronegativity between atoms halogen
es have no dipoles and thus are non-polar.

le:
C|2, I, Br, and F,
viil. hat types of attractive forces exist between HCI molecules? (U.B)
Ans: ATTRACTIVE FORCES BETWEEN HCI MOLECULE

HCI forms a polar covalent bond between atoms due to difference of electronegativity
between bonded atoms. There exists a dipole in the molecule. The positive end of one
molecule attracts the negative end of other molecule. Hence dipole forces (intermolecular
forces) exist between HCI molecules.

Example:
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iX. Define intermolecular forces; show these forces among HCI molecule.
(BWP 2017, FSD 2017 G-11)(U.B+K.B)

Ans: INTERMOLECULAR FORCES
“The forces that hold atoms in a compound are chemical bonds. In addition to these
strong bonding forces, relatively weak forces also exist in between the molecules, which
are called intermolecular forces ”.

Example:

Chemical Bond

4.5 NATURE OF BONDING AND PROPERTIES

4.5.1 IONIC COMPOUNDS
Write down the properties of ionic compounds. (
WwT

(FSD 2016, SWL 2016, DGK 2016, 17, RWP 2016,17 017, GRW 2016 G-I, I1)(U.B+K.B)

Ans: IONIC COMPOUN
Definition:
“The compounds which contain ionic bond ifth&/ are called ionic compounds. ”

Examples:
NaCl, KCI, KNO3, CaCO; etc.

Composition:
lonic compounds are mad f itively and negatively charged ions. Thus they
consist of ions and not the r& .

Attractive Forces:
These positively agd charged ions are held together in a solid or crystal form

with strong electroStatig attractive forces.

Ordered Arranfem@pt of lons:
The orderly gement of Na* and CI ions in a solid crystal of sodium chloride is

given bel

xS
\\¥

@nat &P o

Figure: Regular Arrangement of Na* and ClI” ions

in Solid Crystal of NaCl.
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(i)
(i)

(iii)

(iv)

Q.2

Ans:

(i)
(i

(iii)

(iv)

PROPERTIES OF 1IO0NIC COMPOUNDS
The ionic compounds have following properties:
Crystalline Solids:
lonic compounds are mostly crystalline solids.
Electrical Conductivity:
lonic compounds in solid state have negligible electrical conductance but they are good
conductors in solution and in the molten form. It is due to the presence of free ions in
them.

Melting and Boiling Points:

lonic compounds have high melting and boiling points. For example, sodium ide
has melting point 800°C and a boiling point 1413 °C. As ionic compoun de up
of positive and negative ions, there exist strong electrostatic forces of aftr between
oppositely charged ions. So, a great amount of energy is required to Qakiese forces.
Solubility:

They dissolve easily in polar solvents like water. W hgs “high dielectric
conductance that weakens the attraction between ions.

What are covalent compounds? Describe the proper lent compounds.

(MTN 2016, RWP 2016, BWP 2017 017, LHR 2016 G-1)(U.B+K.B)
VALENT MP
Definition:

“The compounds which contain covalent bon are called covalent compounds.”

Composition:

The covalent compounds are made up
electrons between their atoms i.e. cov
Strength of Bond:
A covalent bond is generally reg@gded ¥ weaker than an ionic bond. Covalent compounds
are made up of two or more n

Example:
H21 C|21 COZ, HZS 4,\ etC

les that are formed by mutual sharing of
on

Physical States:

Lower molecula®mags covalent compounds are gases or low boiling liquids. Contrary to it,
higher mole madss covalent compounds are solids.
PR PERTIES OF VALENT MPOUND
T s of covalent compounds are as follows:
Boiling Points:

ave usually low melting and boiling points.
ctrical Conductivity:
They are usually bad conductors of electricity. The compounds having polar character in
their bonding are conductor of electricity when they dissolve in polar solvents.

Solubility:

They are usually insoluble in water but are soluble in non-aqueous solvents like
benzene, ether, alcohol and acetone.

Crystal Formation:

Large molecules with three dimensional bonding form covalent crystals which are very
stable and hard. They have high melting and boiling points.
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Q.3  Write a note on polar and non-polar compounds. (U.B+K.B)
Ans:  (A) Polar Compounds

Q4
Ans:

“A compound having polar covalent bond is called polar compound. ”

Examples:
HF, HCI, H,0, NHj etc.

Development of Polarity in Chemical Bond:

Polarity in a chemical bond is due to difference in electro negativities of the bondin§atoms.
Electronegativity Scale:

On the Pauling Scale fluorine has been given an electronegativity val@& The

values for other elements are calculated relative to it.

PROPERTIES
(i) Properties of non-polar and polar covalent compounds differ to s@ent.

(ii) Polar covalent compounds usually dissolve in water while non polaMelo not dissolve.

(iii))An aqueous solution of a polar compound usually con elfctricity due to the
formation of ions as a result of its reaction with water.

He + xé:]:ﬁ —_ {%

(B) N

“A compound having,n ovalent bond is called non polar compound. ”
Examples:
2, C|4 etc.

CO,, CH4, CsHg, C

L 4 PROPERTIES
(i) Non-pol valgnt compounds usually do not dissolve in water.
(it) Similarl olar compounds do not conduct electricity.
Write properties of coordinate covalent compounds. (K.B)

RDINATE COVALENT COMPQOUND
% nds which contain coordinate covalent bond in them are called coordinate
0 t

compounds ”.
mples:
NH, -BF,, NH,CI, NH, - AICl, etc.

PROPERTIES
(i) Their properties are mostly similar to those of covalent compounds.
(i1) As the nuclei in these compounds are held by shared electrons, therefore, they do not
form ions in water.
(iii)Due to their covalent nature they form solutions in organic solvents and are very less
soluble in water.
(iv)Usually they are rigid compounds with a dipole.
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Q.5  Write down the properties of metals.(FSD 2016, 17, RWP 2017, SGD 2016, GRW 2016 G-I)(K.B)
Ans: METALS
Definition:
“The elements which are usually hard, are good conductors of heat and electricity and
are malleable and ductile are called metals. ”
Metals have common property of conducting heat and electricity. It gives them prime role
in many industries.

Examples:
Iron, cobalt, nickel, gold, silver etc.
PROPERTIES
The properties of metals are as follows:
(i) They show metallic luster.
y virtue of

(it) They are usually malleable and ductile. Malleability is the p
which a metal can be rolled into sheets, while ductility is the erty by virtue of

which a metal can be drawn into wires.
(iii) They have usually high melting and boiling points.
(iv) Being greater in size they have low ionization energies al
(v) They are good conductors of heat and electr|C|t
mobile and free electrons.
(vi)Metals have shining surface.

4.5 NATURE OF BONDING AND PROPERTIES
4.5.1 IONIC COMPOUNDS
SHORT QUESTIONS

ions (M™) very easily.
lid and liquid state due to

(K.B)

Ans: Answer given on pg # 144
Q.2  What is the composition
Ans:

(MTN 2016)(K.B)

lonic compounds age of positively and negatively charged ions. Thus they
consist of ions and Rpt the molecules.
Q.3 Write any two frop8yties of ionic compounds. (RWP 2017 G-I, 11)(K.B)
Ans: ROPERTIES OF IONIC COMPOUNDS

of ionic compounds are as follows:
ds:

nds are mostly crystalline solids.

onductivity:

pductors in solution and in the molten form. It is due to presence of free ions in them.

4.5 NATURE OF BONDING AND PROPERTIES
4.5.1 IONIC COMPOUNDS

MULTIPLE CHOICE QUESTIONS

1 The boiling point of sodium chloride is: (RWP 2015, 17 G-11)(K.B)
(A) 1413°C (B) 1414°C (C) 1415°C (D) 1416°C

2. lonic compounds mostly exist in: (K.B)
(A) Solid (B) Crystalline solid ~ (C) Amorphous (D) Liquid
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3. lonic compounds do not conduct electricity in: (K.B+U.B)
(A) Solid state (B) Liquid state (C) Molten state (D) Both Aand C

4. Melting point of NaCl is: (K.B)
(A) 1413°C (B) 800°C (C)799°C (D) 780°C

5. lonic compounds dissolve easily in: (K.B)
(A) Ether (B) Benzene (C) Petrol (D) Water

6. Non-polar covalent compound usually dissolve in: (K.B)
(A) Water (B) Alcohol (©) Acid (D) Ether

7. Covalent compounds have melting and boiling points: (K.B)
(A) Low (B) High (C) Moderate (D) Very hi

8. Non polar covalent compound usually conduct electricity. ’é (K.B)
(A) Do (B) Do not (C) Both (D) ese

0. Benzene is: (K.B)
(A) Polar compound (B) Non-polar compoun
(C) Homoatomic compound (D) Monoatomic ownd

10. Metals usually have melting and boiling points: @ (K.B)
(A) High (B) Low ' (D) None of these

4.4 TEST YOURSELF
i Why the ionic compounds have high melting ing points? (U.B)

Ans: l
As ionic compounds are made up of positive a ve ions, there exist strong electrostatic
forces of attraction between oppositely i8ns. So, a great amount of energy is required
to break these forces, therefore ionic co s have high melting and boiling points.

ii. What do you mean by malleability~ (SGD 2017 G-I1)(K.B)
Ans: A ABILITY
Malleability is a special pro etal, by virtue of metal can be rolled into sheets.

Examples:

Metals such as gold per are malleable.
iii Why are ionic co a5|ly soluble in water? (U.B)
Ans: 1ONIC COMPOUNDS

lonic compoupds areNeasily soluble in water, because water is a polar solvent and has

high dlelect%s nt that weakens the attraction between ions of ionic compounds like

dissolved ilar solvents dissolve similar solutes. lonic compounds are polar that’s
thgy ard)soluble in polar solvent like water.

hloride can easily be soluble in water.

i hat type of bond exists in sodium chloride? (U.B)
An BOND EXIST IN SODIUM CHLORIDE

odium chloride is an ionic compound therefore ionic bond is present in sodium chloride.
V. Why the covalent compounds of bigger size molecules have high melting points?(uU.B)
Ans: HIGH MELTING POINT

The covalent compounds of bigger size molecules have three dimensional bonding in
them, which forms covalent crystals which are very stable and hard. So, they have high
melting and boiling points.
Examples:
SiO,, SiC, etc.
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Vi, How much there is electronegativity difference between the following pair or
elements (atoms). Predict the nature of the bond between them? (U.B+A.B)
(A) Hand CI (B) Hand Na (C)Naand I (D) Kand ClI
b. Comparing the electronegativity differences, arrange these compounds in
increasing ionic strength. (U.B+A.B)
Ans: Pair of Elements Electronegativity Nature of Bond

Differences

(A) H and CI 1.0 Polar covalent bond
(H=2-2, CI=3.2)
(B) H and Na 1.3 lonic bond
(H=2-2, Na=0.9)
(C) Naand | 1.6 lonic bond
(Na=0.9, 1=2.5)
(D) KandCl 2.4 lonic bo
(K=0.8, CI=3.2)
b. Comparing the electronegativity differences, arrange these mpgu ds in increasing
ionic strength.
The order of increasing ionic strength of compounds is:

H-Cl<H-Na<Na—Il<K-Cl @
Least ionic Most io(

4.1

1\|J2\ ‘H° AﬂA
\ A B. .AnB.CnA

BDCAC

4.3.4 POLAR AND NON POLAR COVALENT BOND
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4.4 INTER MOLECULAR FORCES

CAAADBAECED 10 AA 7} B

4.5 NATURE OF BONDING AND PROPERTIES
4.5.1 IONIC COMPOUNDS
ABABDDAEBEB
EXERCISE SOLUTION
MULTIPLE CHOICE QUESTIONS

1. Atoms react with each other because: (GRW 2016 G-1)(U.B)
(A) They are attracted to each other. (B) They are sh eftrons
(C) They want to attain stability (D) They want t rse

2. An atom having six electrons in its valence shell wij IEve noble gas electronic
configuration by: (U.B)
(A) Gaining one electron (B) &1” electrons
(C) Gaining two electrons (D wo electrons

3. Considering the electronic configuration ofjat which atom with the given atomic
number will be the most stable one? (U.B)
(A) 6 (B) 8 10 (D) 12

4. Octet rule is: (BWP 2016 G-11, SGD 2016 G-1)(K.B)
(A) Description of eight electrons (B) Picture of electronic configuration
(C) Pattern of electronic congii ' (D) Attaining of eight electrons

5. Transfer of electrons bet s results in: (K.B)

(GRW 2017 G-I1, DGK 2 I, SWL 2017 G-I1, BWP 2016 G-I, FSD 2016 G-I, SGD 2016 G-11)

(A) Metallic bondigg (B) lonic bonding
(C) Covalent bond& (D) Coordinate covalent bonding

6. When an electronegativg elément combines with electropositive element the type of bonding is:(@.B)
(A) Covalen ¢ (B) lonic (C) Polar covalent ~ (D)Coordinate covalent

7. A bond for@tween two non-metals is expected to be:

W, 207 G-1, SGD 2017 G-11, BWP 2016 G-I, 11, SGD 2016 G-11, FSD 2016 G-1)(U.B+K.B)
% (B) ionic (C) Coordinate covalent (D) Metallic

8. r in covalent molecules usually has: (GRW 2016 G-I, RWP 2017 G-1)(U.B)
ANO&electron (B) Two electrons  (C) Three electrons (D) Four electrons

9s of the following compounds is not directional in its bonding? (U.B)
(A) CHy4 (B) KBr (C) CO, (D) H.0

10. ce floats on water because: (SGD 2017 G-1, SWL 2017 G-I)(U.B)
(A) Ice is denser than water (B) Water is denser than ice
(C) Ice is crystalline in nature (D) Water molecules move randomly

11. Covalent bond involves the: (LHR 2016 G-1)(U.B)
(A) Donation of electrons (B) Acceptance of electrons
(C) Sharing of electrons (D) Repulsion of electrons

12. How many covalent bonds does C,H, molecule have? (MTN 2016 G-1)(U.B)
(A) Two (B) Three (C) Four (D) Five
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13.  Triple covalent bond involves how many number of electrons?
(LHR 2017 G-1, 2016 G-I1, FSD 2016 G-I, 11)(U.B)

(A) Eight (B) Six (C) Four (D) Only three

14, Which pair of the molecules has same type of covalent bonds? (DGK 2016 G-1)(U.B)
(A) O, and HCI (B) 0O, and N, (C) 0, and C, (D) 0O, and C;H;

15. Identify the compound which is not soluble in water: (K.B)
(A) CeHe (B) NaCl (C) KBr (D) MgCl,

16.  Which one of the following is an electron deficient molecule?

(LHR 2016 G-I, MTN 2016 G-I, I, RWP 2016 (K.B)
(A) NH; (B) BF; (C)N; (D) 0, K

17. Identify which pair has polar covalent bonds: (U.B)
(A) O, and Cl, (B) H,0 and N, (C) H,0 and C,H, (D) H2@C|

18.  Which one of the following is the weakest force among the atoms? (K.B)
(A) lonic force (B) Metallic force  (C) Intermolecular forceq§D) Covalent force
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1. Why do atoms react?

Ans:

2. Why is the bond between an electropos md
l QWA TURE

The bond between an electr itiy® and an electronegative atom is ionic in nature
because electropositive ato& w L.E. can lose electron easily and forms a positive

ion whereas electrongga due to high electron affinity will accept that electron
a
X
S

easily and forms an @n. In this way positive and negative ions are attracted by
electrostatic force on to form ionic bond.
ids. Justify.

3. lonic compounds a
(MTN 2016, DGK 2016, FSD 2017, RWP 2017 G-I, LHR 2016 G-I)(U.B)

are solids because they have strong electrostatic forces of attraction
Sitively and negatively charged ions which hold them in a three dimensional

|urﬁ chloride (KCI) is a crystalline solid.

&
4Wre electronegative elements can form bonds between themselves. Justify.
(BWP 2017)(U.B)

Ans: JUSTIFICATION
More electronegative elements have high values of ionization energy and do not lose
electrons. They share electrons between their own atoms to complete their valence shells
and form covalent bond.
5. Metals are good conductor of electricity. Why? (RWP 2017 G-I, SGD 2017 G-11)(U.B)
Ans: METALS ARE GOOD CONDUCTOR
Metals are good conductors of electricity due to presence of mobile or free electrons.
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6.

Ans:

Ans:

Ans:

AnNs:

10.

Ans:

lonic compounds conduct electricity in solution or molten form. Why?
(DGK 2017, SWL 2017, BWP 2016)(U.B)

IONI MPOUND
lonic compounds conduct electricity in solution or molten form because in these two
states ionic compounds have free ions in them. When these free ions move in solution or
molten state they become conductor of electricity.
What type of covalent bond is formed in nitrogen molecule? (SGD 2017 G-1)(U.B)
BOND IN NITROGEN MOLECULE
Triple covalent bond is formed in nitrogen molecule. In nitrogen molecule&bond

pairs are involved in bond formation.
INEHENE ——INIENX ——N=N or N, @
Differentiate between lone pair and bond pair of electron. Q
(SWL 2016, DGK 2016, GRW 2016 G-11, RWP 2017 G-I, S&D 2017 G-11)(U.B)

DIFFERENTIATION
The differences between bond pair and lone pair are as follo
Bond Pair

Definition
e Bond pair of electrons is involve | e Lon pf electron is not
in bond formation i 1 bond formation.
Exampl

monia molecule there is one
of electrons

/|\

In a ammonia molecule there are

three bond pairs of electrons.
O

NECESSARY CONDITIONS
for the formation of a covalent bond are as follows:

Describe at least tw y conditions for the formatlon of a covalent bond..B)
Two necessary con \
e Elements shcﬁl electronegative in nature.

e Electro it dlfference between bonding atoms should be very small or zero.
e The should share the electrons mutually.
o ol uld be 4 or more valance electrons.

zation energies of the elements must be high.
es:
|, C|2, CeHe and C,H,.
Why HCI has dipole-dipole forces of attraction? (DGK 2016)(U.B)

DIPOLE-DIPOLE FORCES IN HCI

HCI forms a polar covalent bond between atoms due to difference of electronegativity
between bonded atoms. There exists a dipole in the molecule. The positive end of one
molecule attracts the negative end of other molecule. Hence dipole-dipole forces.
(intermolecular forces) exist between HCI molecules.

Example:
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11. Whatis a triple covalent bond, explain with an example?
(SWL 2017, DGK 2017, BWP 2017, GRW 2016 G-I1)(K.B+A.B)

Ans: TRIPLE COVALENT BOND
When each bonded atom contributes three electrons, three bond pairs are involved in
bond formation. This type of bond is called triple covalent bond.
Representation:

It is represented by three lines (=) between two bonded atoms.

Example:

Triple covalent bond is formed in nitrogen molecule. In nitrogen molecule Qkreefybond

pairs are involved in bond formation.

INGEENE ——INIENS ——>N=Nor N, @

12.  What is difference between polar and non-polar covalent bondg] expdain with one

example of each? (GRW 2017 G-1, LHR'9916 G-11)(U.B+A.B)
Ans: DIFFERENTIATION X 2

The differences between polar and non-polar covalent bond i WS:

Polar Covalent Bond Non-Polar Covalent Bond

Definition
e |t is a bond formed between two different | e It is
types of atoms (heteroatom).

aﬁnd ;ormed between two similar
0 atoms).

e shared pair of electrons is attracted by
h the atoms equally.

e The shared pair of electron is attracted b
both the atoms unequally.

e There exist electronegativity differe There exist no  electronegativity
between two atoms. difference between two atoms.

xamples

a8 of polar | ¢ Hy, Cly, Ny, O, are examples of non-polar

covalent bond.

e HCI, HBr, HF, H,0 ar

covalent bond.

13. Why a covalent bo
Ans: ¢

(LHR 2017 G-1)(U.B)

When there ifference of electronegativity between two covalently bonded atoms,
there willD al attraction for the bond pair of electrons between such atoms. It will
ormation of polar covalent bond.

1 Tais relationship between electronegativity and polarity? (GRW 2017 G-11)(U.B)
Aw RELATIONSHIP BETWEEN ELECTRONEGATIVITY AND POLARITY

T he polarity of a covalent bond depends upon the electronegativity difference between
the bonded atoms. Higher the electronegativity difference between bonded atoms, greater
will be the polarity. Thus electronegativity and polarity are directly related:

F
H—O 5+ 5 5+ 5o
\ s H—F H—Cl
H
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15.

Why does ice float on water? (U.B)

(FSD 2016, MTN 2016, DGK 2016, SGD 2016, RWP 2016, 17 G-I, LHR 2016 G-I, GRW 2016 G-I, 2017 G-11)

Ans: FLOATIN FICE
Ice floats on the water because of the hydrogen bonding. Density of ice (0.917g/cm®) is
less than that of liquid water (1.00g/cm?) at 0°C.
16. Give the characteristic properties of ionic compounds. (GRW 2016 G-11)(K.B)
Ans: HARACTERISTICS PROPERTIES OF IONI MPOUND
The characteristics properties of ionic compounds are as follows:
(i) lonic compounds are mostly crystalline solids.
(i) lonic compounds are good conductors in solution and in molten foffydie to
presence of free ions in them.
(iii) lonic compounds have high melting and boiling points. For e aCl has
melting point 800°C and boiling point 1413°C.
(iv) lonic compounds dissolve in polar solvents e.g. NaCl dissolves inater.
17.  What characteristic properties do the covalent compounds
( 6, LHR 2017 G-1)(K.B)
Ans: VALE
The characteristics properties of covalent compounds gr
(i) Melting Boiling Points: {
They have usually low melting and boiling poin
(i) Electrical Conductivity: @
They are usually bad conductors of electricit r compounds are conductors in their
solutions in polar solvents.
(iii)_Solubility:
They are usually insoluble in wa luble in non-agueous solvents like benzene,
ether, alcohol and acetone.
(iv)_Crystal Formation: xﬂ
Bigger molecules with t sional bonding form covalent crystals which are very
stable and hard. They\gave
EXERCISE LONG QUESTIONS
1. What is an ionft bdpd? Discuss the formation of ionic bond between sodium and
chlorine at *
Ans:  Answer gj g # 125 (Topic 4.3 and 4.3.1)
2. How Justify that bond strength in polar covalent compounds is comparable
to Tt ic compounds?
Ans: S IYen on pg # 133 (Topic 4.3.4)
3 ype of covalent bonds are formed between hydrogen, oxygen and nitrogen?
@plain their bonding with dot and cross model. (U.B+A.B)
Ans TYPES OF VALENT BOND
(i) Hydrogen:

Single covalent bond is present in hydrogen.
Dot and Cross Model:

He + xH HexH or H——H ; H,
single covalent bond
(i1) Oxygen:

Double covalent bond is present in oxygen.
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Dot and Cross Model:

x
*x

[SHER S — = 0530 o 0=0; O

e XX 2

x
>

double covalent bond
(iii) Nitrogen:
Triple covalent bond is present in nitrogen.
Dot and Cross Model:

SN- + xNi INZ iNX or N=N; N,
triple covalent bond ' \

4. How a covalent bond develops ionic character in it? Explain. @

-21
XZX

Ans:  Answer given on pg # 128 (Topic 4.3.4)

5. Explain the types of covalent bonds with at least one example of gtf}Npe.
Ans:  Answer given on pg # 128 (Topic 4.3.2)

6. How a coordinate covalent bond is formed? Explain with e

Ans: Answer given on pg # 131 (Topic 4.3.3) %
7. What is metallic bond? Explain the metallic bonding elp of a diagram.
Ans:  Answer given on pg # 136 (Topic 4.3.5) é

8. Define hydrogen bonding. Explain how these for

compounds.
Ans:  Answer given on pg # 139 (Topic 4.4)
9. What are intermolecular forces? Compar§t forces with chemical bond forces

with reference to HCI molecule?
Ans:  Answer given on pg # 137 (Topic 4.4)
10.  What is a chemical bond and wh
Ans:  Answer given on pg # 123 (Topic 4:
11.  What is octet rule? Why

electronic configuration?
Ans:  Answer given on pg 4128 (e

he physical properties of

Q.1  Why do atoms sprut gley

Ans:
Atoms alw gQle to attain the nearest noble gas electronic configuration in order to
become i e. For this purpose they follow two rules i.e., duplet and octet rule.
Q.2 gn group number to an element? (U.B)
Ans: ASSIGNING GROUP NUMBER

& of an atom in the periodic table indicates its group number. The group

r is assigned on the basis of valence shell electrons.
mples:

Group 1 has only 1 electron in its valence shell.
e Group 17 has 7 electrons in its valence shell.

Q.3 What s the effect of attractive and repulsive forces on bond formation? (U.B)
Ans: EFFECTIVE AND REPULSIVE FORCES

(i) When Attractive Forces Dominate:

When two approaching atoms come closer, the attractive as well as repulsive forces
become operative. The formation of a chemical bond is a result of net attractive forces
which dominate.
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Q4

Ans:

Q.5

Ans:

Q.6

Ans:

Q7

AnNs:

Q.8

Ans:

(i) When Repulsive Forces Dominate:

The energy of that system is lowered and molecule is formed. Otherwise if repulsive

forces become dominant no chemical bond will be formed. In that case there will be

increase in the energy of the system due to creation of repulsive forces.

Which type of element follow duplet rule and why? (U.B)
TYPE OF ELEMENT FOLLOW DUPLET RULE

Elements which have only s-subshell usually follow duplet rule.

Example:

Hydrogen and Helium

Reason: \

Because s-subshell has maximum capacity of 2 electrons. @
(K.B)

What are ionic compounds?
IONI MPOUND
Definition:
“The compounds containing ionic bond in them are called ionigsgompgunds”.
Examples: @

NaCl, KCI, Na,SO, etc.
What is Lewis structure diagram? @ (Do you know Pg. # 63)(K.B)

LEWIS STRUCTURE
The electronic configuration of the valence sh@) ms is shown in small ‘dots’ or

‘crosses’ around the symbol of the element. Eal r cross represent an electron. This
is a standard method of Lewis to describe the\gl nic configuration of valence shell of

an atom. It is called Lewis structure di ewis dot and cross model.
Example:
Lewis dot and cross structure of C llows:
Cx:0

What types of chemlc e present in NH,4 CI? (U.B)
NH, Cl has three typ ical bonds
e Three covalen formed between nitrogen and three hydrogen atoms
e One coordlna 0 ent bond is formed between nitrogen and one hydrogen atoms
e In NH4 cebond is formed between N H,and CI”

H -1+

\ H - N > H|CI
— H -

What are coordinate covalent compounds? (K.B)

RDINATE VALENT MPOUND
Definition:
“The compounds which contain coordinate covalent bond in them are called
coordinate  covalent compounds”.

Examples:
NH,-BF, , NH,CI, NH, - AICl, etc.
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Q.9 CO, BF3;CCly CHyetc. all have polar bonds but the molecules are non-polar. Why?(U.B)
Ans: All these molecules are non-polar because individual polar bonds (dipoles) are cancelled
out with one another due to symmetrical geometries or shapes of molecule.
Q.10 Why does water has stronger hydrogen bonding than alcohol? (U.B)
Ans:  Water shows stronger hydrogen bonding than alcohol because each water molecule forms
two hydrogen bonds and each alcohol molecule can from only one hydrogen bonds.
Q.11 Why boiling point of water is higher than that of alcohol? (GRW 2017 §-))(U.B)
Ans: BOILING POINT OF WATER
Boiling point of water (100°C) is higher than that of alcohol (78°C) because 0& and
stronger hydrogen bonding in water.
Q.12 Why ice is less denser than water? (RW@-I 1)(U.B)
Ans: LESS DENSITY OF ICE THAN WATER
Density of ice at 0°C (0.917 g/cm?) is less than that of liquid water®ag 0°C (1.0 g/cm?)
because of hydrogen bonding. ¢
Mechanism:
In the liquid state water molecules move randomly. H %n water freezes, the
molecules arrange themselves in an ordered form that them open structure. This
process expands the molecules and decreases densit\%ce.
Q.13 What are effects of intermolecular forces? (GRW 2017 G-11)(U.B)
Ans: EFFECTS OF
Intermolecular forces determine the physi te of substances. They affect the density,
melting point, boiling point, heat apofgtion and other physical properties of
substances.
Q.14 What is meant by dielectric ¢ (K.B)
Ans:
“The extent to which thg=orcesf attraction between two oppositely charged ions is
decreased due to a,s0 e@lled dielectric constant”.
Water has high valtg oRdi€lectric constant (80 at 20°C).
Q.15 What are non-pglafcompounds? (K.B)
Ans:

Q.17
Ans:

o' NON-POIAR COMPOUNDS
Definition:%
v

ing non polar molecule is called non polar compound. ”

5H6, CoH,, CC|4 etc.

ntiate between Malleability and Ductility? (U.B)

difference between malleability and ductility is as follows.

Malleability

e Malleability is the property by virtue of | e Ductility is the property by virtue of
which a metal can be rolled into sheets. which a metal can be drawn into wires.

Why ionization energy of metals is low? (GRW 2017 G-11)(U.B)

IONIZATION ENERGY OF METAL
lonization energy of metal is low due to large size and less nuclear attraction on valence
electrons.
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Terms

Chemical Bond

A chemical bond is defined as force of attraction between

TERMS TO KNO

Definitions

atoms that holds them together in a substance ”

Duplet Rule Attaining two electrons in the valence shell is called duplet rule.
For example helium (He)

Octet Rule An atom having eight electrons in the valence shell is called octgt rule.
For example Neon (Ne).

lonic Bond “The type of chemical bond which is formed due ete
transfer of electron from one atom to another @ called
ionic bond”".

Covalent Bond “The type of bond, which is formed due to Wwtual sharing of

electrons, is called covalent bond.” Vs

Co-ordinate Covalent Bond

“Coordinate covalent or dative cov@mding is a type of,
covalent bonding in which th@w pair of electrons is

Polar Covalent Bond

donated by one bonded ato ’
“A covalent bond is f etween two different types of

atoms (hetero-atom % bond pair of electrons is not
attracted by both th& atéfns equally is called polar covalent

Non-Polar Covalent Bond

bond”.

“A covalent Bond & fofmed between two similar atoms (homo-
atoms) in Whi ared pair of electrons is attracted by both the
ato , called non-polar covalent bond .

Metallic Bond

Intermolecular forces
L 4

ic bond is defined as a bond formed between metal

(positively charged ions) due to mobile or free electrons

e forces of attraction present between molecules of a
bstance are called intermolecular forces .

Dipole — Dipole Il@tim

The force of attraction present between partial positive end of
one polar molecule and partial negative end of other polar
molecule is called dipole - dipole force”.

Hyd r(KO g

“The forces of attraction present between partially positively
charge hydrogen atom of one molecule and partially
negatively charged atom (N, O or F) of another molecule is
called hydrogen bonding ”.

lonic Compounds

“The compounds which contain ionic bond in them are called
ionic compounds. ”

Covalent Compounds

“The compounds which contain covalent bond in them are
called covalent compounds.”

Co-ordinate Covalent Bond

“The compounds which contain coordinate covalent bond in
them are called coordinate covalent compounds .
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SELF TEST
Time: 35 Minutes Marks: 25
Q.1  Four possible answers (A), (B), (C) and (D) to each question are given, mark the
correct answer. (6x1=6)
1. Molecules with double covalent Bond is:
(A) Hz (B) C2H2 (C) O2 (D) Nz

2. Which of the following atoms obey duplet rule?

(A)H (B)F ©)o (D) Na \\

3. How much energy is required to break the bon of HCI?

(A) 17kJ (B) 470 kJ (C) 430 k] (@
4. The boiling point of sodium chloride is:

(A) 1450°C (B) 800°C (C) 1413°C ’131400

5. Identify the compound which is not soluble in Water:®

(A) CeHe (B) NaCl (©) KB( (D) MgCl,
6. The density of ice is: @

(A) 1.00g/cm? (B) 0.917g/cm® 1g/cm® (D) 0.719g/cm®
Q.2  Give short answers to the followi Ions. (5x2=10)
(i) lonic compounds are solids. &

(i) Differentiate between,bo &d lone pair.
(iii)  Why has water polar cQyalemt’bond?
(iv)  Why is BF3 electbon §efiCient?

(V) Which type@n&wts follow duplet rule, and why?

Q3 x&;following guestions in detail. (5+4=9)

(iQ covalent Bond. Explain the types of Covalent Bond. )
(i) rite a note on dipole-dipole Interaction? 4
Note:

Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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