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Chapter-4 Structure of Molecules

Q.1

Ans:

Q.2

Ans:

rrl“

INTRODUCTION

What is a chemical bond? (RWP 20573iK (3
CHEMICAL BON ) A

“A chemical bond is defined as farce of cttr"‘"‘t or bewvﬂen aten's (that. Holls them

together in a substance ”. '

Example:

A bongTa/imad betwwsen F gnd Ceathms.in-a ‘malecdle of HCI.

Lot

o
4\1

Wiet i< achemical bond and why do atoms form chemical bonds? (Ex-Q.10)(U.B+K.B)
CHEMICAL 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.
WHY DO ATOMS FORM CHEMICAL BONDS?

Atoms form bonds to get stability
Achievement of Stability:

It is a universal rule that everything in this world tends to become more stable.
Atoms achleve stablllty by attaining electronic configuration of inert gases (He, Ne or Ar
etc) i.e. ns® np® having 2 or 8 electrons in the valence shell is sign of stability.

Rules to Complete Valence Shell:

Following are two rules by which atoms complete their valence shells:
(i) Duplet rule:
Attaining two electrons in the valence shell is called duplet rule. For example helium (He).
(i) Octet Rule:
An atom having eight electrons in the valence shell is called octet rule. For example Neon (Ne).
Why Noble Gases are Non-reactive?

The noble gases do have 2 or 8 electrons in their valence shells. It means all the noble
gases have their valence shells completely filled. Their atoms do not have vacant space
in their valence shell to accommodate extra electrons. Therefore, noble gases do not gain,
lose or share electrons. That is why they are non-reactive.

Importance of the Noble Gas Electronic Configuration: -
The importance of the noble gas electronic configuration lies ln thie] act that ail othar)
atoms try their best to have the noble gas e'cutronic copfigiraticn. For|this surpese Eitiiis

combine with one another, which istalled ¢heriiidallbc r.dmg Ii: Gther wards;-atoms form
chemical bonds to achieve'stebilityv 5y a,qu.*mg iners gas electronic c:)nflguratlon
What is gstet rule? Why du /atdras | ,Iv»ay .u_qm to attain tihe nearest noble gas
electr¢nit'con .9urat u"l : \ \ - (Ex-Q.11)(U.B+K.B)
. 1 QQTETRULE
“Thg attain. nc hf'8 pl“cluons configuration in the valence shell, either by sharing, by

» lesing eriby yaaning electrons is called octet rule ”.

Exainples:
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.1

Ans:

Q.2

Ans:

Q3

Ans:

Q.4

el
Nk
AnNs:

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 ot/ier aorns.

(i) By gaining, electrons from other atoms (it tie valence snéllhas fiveormior-clexrissin it)
(iif)By sharing valence elegtrons 'nith othr athmis. |

It means every atom has a naiurdi iéncehcls th echiéy 2\dr € efectrans in its valence shell.
The ateimis havino-tess than 2 ¢r &.eléctrens-in.theirvalence shells are unstable.

How Csii We dentify the Wey-an-Xiom Reacts?

The-nositinn of, ah ‘atcmi-h the periodic table indicates its group number. The group
ninber.1s astigned on the basis of valence shell electrons.

Fixanples:

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 valence shell electrons.
Bond Formation:

(i) Between lons:

If the bond formation is between ions, it is due to an electrostatic force between them.
(i) Between Atoms:

If bond formation is between similar atoms or between the atoms that have comparable
electronegativities, then the chemical bond formation is by 'sharing' of electrons. This
sharing of electrons may be mutual or one sided.

(iii)Effect of Attractive and Repulsive Forces on Bond Formation:

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. 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.

4.1 WHY DO ATOMS FORM CHEMICAL BOND?

4.2 CHEMICAL BOND
SHORT QUESTIONS

Why do atoms form chemical bonds? . (LB
Answer given on pg # 123 _ : Y ad
Why noble gases are nor=ieactive> TERRIRERE - (U.B)
Answer given on pg # 123 | | 1RR " ' '

Imporiaiite bf the riokle Jas electronic.configuration. (U.B)
Answerigiien'ph fig'# 123 | |

Defiie duflet'rigle, | = (K.B)
Arsnesgiverron pg # 123

*Vhat 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

Ans:

What is the rule by which atom complete their valence shell? (U.B)
RULES T MPLETE VALENCE SHELL .

Following are the rules by which atoms complete their valence °h°|l‘
Duplet Rule:

“Attaining of two electrons-in the outernest shell, exthern by ¢heririg, gan...lg or losing of
electrons is called duplet rile"’.
Octet Rl

“The at meq of-@ electrons’canii w“atlun in the valence shell, either by sharing, by
losing or Ey\geinirg'elecironsis called octet rule .

Y DO ATOMS FORM CHEMICAL BOND?

4.2 CHEMICAL BOND

MULTIPLE CHOICE QUESTIONS

Atoms react with each other because: (GRW 2016)(U.B)
(A) They are attracted to each other (B) They are short of electrons

(C) They want to attain stability (D) They want to disperse

Atoms achieve stability by attaining electronic configuration of: (U.B)
(A) Halogens (B) Transition metals(C) Noble gases (D) Non-metals
Electronic configuration of Ne is: (K.B)
(A) 15, 25, 2p° (B) 2%, 2p° (C) 1s%, 1%, 1p° (D) 15°, 25°, 2p*
Noble gases have or electrons in their valence shell. (K.B)
(A)2or8 (B) 2 or 10 (C©1lor7 (D)3or5

Noble gases are: (K.B)
(A) Reactive (B) Very reactive (C) Unstable (D) Non-reactive

An atom can accommodate eight electrons in its valence shell by electrons. (U.B)
(A) Gaining (B) Sharing (C) Giving (D) All of these

The number of electrons in valence hell of halogens: (FSD 2017 G-I1)(K.B)
(A)5 (B) 6 )7 (D) 8

4.3 TYPES OF CHEMICAL BOND

Q.1

Ans:

4.3.1 IONIC BOND

(A) Name the types of chemical bonds? Also define bonding electrars... ™ ~KB)) W

(B) What is ionic bond? Discuss the formatien of ionic ban - uWe"’l. S| J¢um and clilomi e
atoms. (DGK 2016, RWP 2016, SWL 2617 BWP 207 6 Wil Q R‘;V 2017 JI, I_HR chﬁ_F L,J)(UB+K.B)

There are feur types of ch Bmis al b)mh ceponj ng tpen Lne way fiow valence electrons
are |n\,ol). ed in udndmg . \ :

(i) lonic Bond | WA

(i) Covay leht Bond

s i Detive Gvalent or Coordinate Covalent Bond

&v)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.
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(B) IONIC BOND

Definition: e
“The type of chemical bond which is formed due to complete t[an e ofelectrariicm
one atom to another atom is called i |on|c berd . . _ f ;
Examples:
e Bond between Na and Cl\in N2t
e Bond heiveen K anc Ci ir, KCI
Elements -ormiing foi c:_im'i
The elemeritsicf Gio p;l ana Giroup-2 belng metals have the tendency to lose their
valgijce electrins formiriy positively charged ions whereas non-metals of Group-15 to
(zraup-17 Eeave tendency to gain or accept electrons. They are electronegative elements
witir high electron affinities. If atoms belonging to these two different groups, metals
and non-metals, are allowed to react, chemical bond is formed.
If the difference of electronegativity between two elements is more than 1.7 then the
bond between them will be predominantly ionic bond.

FORMATION OF IONIC BOND IN NACL
The formation of NaCl is a good example of this type of bond.

2Na(s) + C|2(g) E— 2N&C|(S)

Sodium chloride is a simple compound formed from sodium (Z=11) and chlorine (Z=17).
Ground State Electronic Configuration:
The ground state electronic configuration of these elements is:

Na = 1s?,25 2p%, 35" | or | Na

;Cl = 152, 2¢ 2p(’,:3:_9i__3p_5- or | XClIx

The frames indicate electrons in valence shells of these elements; sodium has only one
electron and chlorine has seven electrons.

Tendency to Lose and Gain Electrons:

Sodium being electropositive element has the tendency to lose electron and chlorine
being an electronegative element, has the tendency to gain electron. Therefore, they
form positive and negative ions by losing and gaining electrons re 2pectlvely They attain
electronic configuration to the nearest noble gases. 1s, 2s%, 2p°, 3s%, 3p° (Ar).

Steps for Bond Formation:

Following are the steps involved for the formation of ionic bond in sodium chlorlde (NaCI)
(i) Formation of Na' lon: A
Sodium atom loses one electron from the outermost shell ars.- Lecomeﬂ smuum (l\a \ ol

Now the second shell becomes valance shel ! wlfh 8 JIec*ro |’~ IR R
(ii) Eormation of CI” lon:— \ 4 -
Chlorme atom gains one ele*tmr In'the’p 1te rn os* »he" aml 'eccome Cii~4on with 8 electrons.
W\ " Na} i~ TNl T
== 1 ) A i _.x i e 25,2p (Ne)
e —— 5l o o

I " 1s?, 257, 2p°, 3s%, 3p° (Ar)

i) 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 thls tyme of bnndmﬂ
while other electrons are not involved. - s

e Insuch type of reaction heat is usuallygi'ven out:

e The compounds formeg-due to'this tyvise of Lording are ua1le1 ignic cornpounds.

(04
e Y

Q.2

Ans:

Q3

Ans:

Ariss

SHORT QUESTIONS

Wi k-tlectrons are involved in chemical bonding? (U.B+K.B)
Valence shell electron are involved in chemical bonding.

What are bonding electrons? (K.B)
Answer given on pg # 125

What is ionic bond? (K.B)

Answer given on pg # 126
4.3 TYPES OF CHEMICAL BOND

5.

6.

4.3.1 IONIC BOND

MULTIPLE CHOICE QUESTIONS

The types of chemical bond are: (GRW 2014)(K.B)
A1 (B) 2 ()3 (D) 4

Chlorine has electrons in its outer most shell: (GRW 2014)(K.B)
(A)3 (B) 4 )7 (D) 8

After gaining one electron, chlorine atom attains the electronic configuration of
which noble gas? (LHR 2015)(U.B)

(A) Helium (B) Neon (C) Argon (D) Krypton

The formation of ionic bond between the ions is due to: (K.B)

(A) Hydrogen bonding (B) Electrostatic forces (C) Metallic forces (D) All of these

How many valence shell electrons are there in Na* ion? (U.B)
(A)8 (B)9 (C) 10 (D) 11 o~
Electronic configuration of sodium is: /lJ P\_ 1)
(A) 1s?, 2s%, 2p°, 3s'  (B) 15?, 252, 2p° (C) 1%, 25?, 2p - ()) 1577257, 2|5

_Eﬁ’ﬂ’lﬁ..a mwxgm

Ans

. \ J..' { '.

Why does sodium form a cl:emizcs; nond vithicl Icrrlnt’? [ (U.B)
1 BOND F”DNAFQMB’_E_ﬂEI_Nb_’)D'_UM AND CHLORINE

Sodiurh fonm siiemici o vidth-cllcrine because:

e Sodiurnl has cniv bre _’ﬂnctron in its valence shell and has tendency to lose one

. Blectron wiite =hiorine has seven electrons in its valence shell and has tendency to

' gaim ee 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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Ans:

Ans:

iv.

Ans:

Ans:

Vi.

Ans:

Q.1

Ans:

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

Sodium is electropositive in nature, it easily loses its valence echtron in.attain nohie\gas

electronic configuration like joNe. -

Nan lﬂﬁeelectror —)Na +|e

"2,8,1) \L 8,‘l
How c*o atorns foltow octat rule?, | |\ . ' (U.B)
OCTET RULE
Atoms fo._low. octet tule'{u achieve stability by attaining noble gases electronic
coafigurativn. Awins follow octet rule in three ways:
¢ | “Fly-giving valence electrons (If less than 3) to other atoms.
e By gaining electrons from other atoms (if the valence shell have 5 or more electrons
in it).
e By sharing electron with other atoms.
Which electrons are involved in chemical bonding? (U.B+K.B)
ELECTRONS INVOLVED IN BONDING
Only valence shell electrons are involved in chemical bonding which are called bonding
electrons. The inner shell electrons do not take part in chemical bonding.
Why does group lelements prefer to combine with group 17 elements? (U.B)
COMBINATION OF GROUP 1 AND 17 EL EMENTS
Group | elements are highly electropositive with low ionization energies. Thus they have
tendency to lose electrons easily and become positive ions. On the other hand group 17
elements are highly electronegative with high ionization energies. Thus they have
tendency to gain electron easily and become negative ion. Therefore group | elements
prefer to combine with group 17 elements to form ions and develop ionic bond due to
electrostatic force of attraction.
Why chlorine can accept only 1 electron? (U.B)
ACCEPTANCE OF 1 ELECTRON BY CI
Chlorine has seven electrons in its outermost shell. It requires only one electron to
complete its valence shell to gain electronic configuration of noble gas (Argon (1sAr).
That’s why it accepts only one electron.

4.3.2 COVALENT BOND

Define covalent bond. Explain the types of covalent bond. _
(MTN 2016, BWP 2016, FSD 2017 GR\I-. 5 C-D(1.37K3).

OR . [ {5 - 1 1 .',,__

Explain the types of covalent boru with at ie ts. ohe exam Dle 0"‘ eal h:._ _(E’A' Q.5)

Definition: - -
“The tye) ff bom’, me- is t med m&fo hes ltua !":arin'g of electrons, is called covalent bond.”

Exampiey;
Bongs forraed bﬂtv /ezn alsis in hydrogen, chlorine, nitrogen and oxygen are covalent in

LRt e

Ellenierits Formmq 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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(i)

(i)

Formation of Covalent Bond:

The energy changes during the covalent bond formation are of considerakiz.value, \kien
two atoms approach each other attractive forces develop between €lesions ¢f oh¢ atom
and nucleus of other atom. Simultaneously| répulsiv TcTces-heiieen lictrons'CF tiie two
atoms as well as betweeirtheir nuizlei~are aiso) cieeted., Vi/hen the attractive forces
dominate due to decrease in distante Leteszn thitse two atoms;-a chemical bond is
formed hétwesi ther, By this mutual shaiiay of valence shell electrons each of the
contribU'tinu attmiattairis the "octet’ or nearest noble gas electronic configuration.
Bor Peir |

e’ Sovdient bond is formed by mutual sharing of electrons between two atoms. The
glectrons that pair up to form a chemical bond are called 'bond pair’ electrons.

TYPES OF COVALENT BONDS

Depending upon the number of bond pairs, covalent bond is classified into following three types:
e Single Covalent bond

e Double Covalent bond

e Triple Covalent bond

Single Covalent Bond:

“When one electron is contributed by each bonded atom, one bond pair is formed and it
forms a single covalent bond”.

Representation:

It is indicated by single line (-) between two bonded atoms.

Examples:
Hydrogen (H.), chlorine (CI), hydrochloric acid (HCI) and methane (CHy,).
He + xH HexH or H—H ; H,
single covalent bond
Jsie Hex (s g i
Cl—cl ; H— Cl - gt oo
H H
Double Covalent Bond:
“When two electrons are contributed by each bonded atom, two bond pa-rs are form
and it forms a double covalent bond”. — [ [ ) (( _
Representation: TV A BN (2 o=
It is indicated by two lines{z) bet rve- n m‘:; br,_\r-Jde'-;_d atéras., ' -
Examples: )
Oxyge 1__&.,__2) _ga.c:_aeihe'nﬁ (= HA) \
1-;. TR X oo XX
e -._f_F'iO __.,., O: or 0=—=0; O
| .. § xR ee” X i 2

P W - : double covalent bond

CHEMISTRY-9 129



Chapter-4 Structure of Molecules

(iii)

Triple Covalent Bond:
“When three electrons are contributed by each bonded atom, three kand palrc are
formed and it forms a triple covalent bond”. - -
Representation:
It is indicated by three linzs(=) between-two ponded aioms.

Examples:
NitrogiEn(No) as:
SNG A DA TN EN or N=N ; N,

triple covalent bond
..... S ayneiCiHy) gas:
HexC% 3C exH H—C=C—H
By this mutual sharing of valence shell electrons, each of the contributing atom
attains the "octet’ or nearest noble gas electronic configuration.

4.3.2 COVALENT BOND

SHORT QUESTIONS

Define covalent bond. (BWP 2016, MTN 2016, FSD 2017 G-1)(K.B)
Answer given on pg # 128
Define single covalent bond. Give examples. (K.B)
Answer given on pg # 129
Define double covalent bond? Give examples. (SGD 2016, GRW 2016 G-I)(K.B)

Answer given on pg # 129

MULTIPLE CHOICE QUESTIONS

4.3.2 COVALENT BOND

A bond formed between two non-metals is expected to be: (K.B)
(A) Covalent (B) lonic (C) Coordinate (D) Metallic
The example of single covalent bond is: (U.B+A.B)
(A) N2 (B) Cl, € O, (D) CoHq4
H,C, is an example of: (U.B+A.B)
(A) Single bond (B) Double bond (C) Triple bond (R I\ione of these
The bond which is formed due to mutual sharing of electier s isgalleg | L )
(A) lonic bond (B) Covalen‘ ’*ond (3 '?a.|vl bom L % (Dy quru:,en bond
C,Hg is an example of: = NEARBIRRENE (U.B+A.B)
(A) Sinalecgvalent bord. | 1/ / Ao (B r)oub!: covalent bond
(C) Trinle coveientbod |4 ., ™ _' D) Coordinate covalent bond
The numiter vl elzctrons perticipating in double covalent bond is: (GRW 2017 G-1)(U.B)
@2 L B4 (€6 (D)8
' ‘M}h'_i_:r_ irigiecule has triple covalent bond? (LHR 2017 G-11)(U.B+A.B)
(A) Ha (B) O, (C) N, (D) CoHq4
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 covalnn* pond wiiin e

help of example. | (U B B
(SWL 2016,17, FSD 2016, RWP 2016,17, SGD.2017, DGK12017, G 2017 GRW & 0 7 G4 HE2016 G- I)
oR- 1
How a coordmate covalent bend is Jorn/ed? Explaia-with ex amples {Ex-Q.6) (SGD 2017 G-I)
Ans: CQ’)_‘?LH\AJE__’QA' FENTBOND
Definiticn.

“Coordinatb covaient cr Jaeive covalent bonding is a type of, covalent bonding in which
the, oonalpair of ctectrons is donated by one bonded atom only. ”

Elxarnpies:

e Bond between NH3 and BF3 in NH3;BF;

e Bond between NH3 and H" in NH,*
Donor:

“An atom which donates the electron pair is called donor”.
Acceptor:

“An atom which accepts the electron pair is called acceptor”.

Representation:
A small arrow (—) is usually used to indicate the atom and pair of electron being
donated. The head of arrow is towards the acceptor atom.

Lone Pair of Electrons:
The non-bonded electron pair available on an atom in a molecule is called lone pair of
electrons.

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

FORMATION OF RDINATE VALENT BOND

Example 1 (Formation of Ammonium Radical (NH,"):

In the formation of ammonium ion, the nitrogen of NHj is the donor atom while
hydrogen ion H" is the acceptor atom.

+

H H

X X

U + [ ]

xeN+“+H —— |HxN:—H

L[] ° 1 § ! .

X X ey, ™ LR [ {
Ammonia_., Hydfoden ior “mmaoniim fop | b ™
(donor) | | (aczéprof) L\ Yaddict)

Example 77 ( ormatlc.. ef Cc ordmare C,m alont Byrid Between Ammonla and Boron
trlfluo."ﬁe\ v ™

In the nrmatm of B| -3 (kofcn trlfluorlde) molecule, three valence electrons of boron
~ atm (Z'= %) paur_.l,.p ‘with three electrons, one from each three fluorine atoms. The boron
s dlor uerafter this sharing of electrons (covalent bond formation), remains short or

W1 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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XX XX
H XF% H 3F%
. o xx . ¥
x-N:/+\B-xf13x§—> HxoNs— B oxf & ¢
° . o . XX
H 3 _HAER
(donor ™, (acceatar) (acduct)

43.3_DATIVE COVALEWTGR CODOINATE GOVALENT BOND
ShArSdOEsTIONS

Q.1

£, e
AN

Q.2

Ans:

V\/hat isimzant hy\lcre pair of electrons?

(RWP 2016, SGD 2017)(K.B)

LONE PAIR OF ELECTRONS
TheNon- bonded electron pair available on an atom in a molecule is called lone pair of

electrons.
Example:

The electron pair available on nitrogen atom in ammonia (NH3) molecule is called lone

pair of electrons.

What is the difference between donor and acceptor?

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

DIFFERENTIATION
The differences between donor and acceptor are as follows:

(D]e]g[o]§
Definition

Acceptor

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

e An atom which accept the electron
pair is called acceptor.

Example
XX
(] 0]
HX°I}I® Lone Pair .B. x;f::;g
X X
H XF%
Donor o

(Acceptor)

Donor always contain at least one lone
pair of electrons.

Acceptor must be deficient of two
electrons in valence shell.

4.3.3 DATIVE COVALENT OR COORDINATE COVALENT BON P

MULTIPLE CHOICE QUESTIQNS

(L Hr( 203676 I)(U B)

1. Which one of the following is an glactrori dufisizrit 1. blecule? ™,

2. A dative bond is formed befween aramn, ( niy ana boror.trifldoride ti:x’donor atom is: (.B)
(A) Fliorine | ' ’R) %Jron \ ~4Cy Hydrogen (D) Nitrogen

3. NH4Clis an examp!e of; ! (U.B)
(A) Govalent bond| | _(3j-onic bond (C) Dative covalent bond (D) All of these

£, [T Caandinate bovalent bond is also known as: (K.B)

N | £\)"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

Ans:

Explain in detail the polar and nonpolar covalent bond. (_Q.‘,’\IL 2016)([ FRECB)
OR - )

How can you justify that bond strangth * n on'ar cawvalent cnrﬂouu nlls s “fn.parable

to that of ionic compouns? . \ | (Ex-Q.2)(U.B)

POLAR AND [ IOI\ -FO._AR CO /ALENMT BOND

“A covallent, bur d s for m=d betwecr Wo similar atoms (homo-atoms) in which shared pair
of elgctron is atirasted by-voth the atoms equally, called non-polar covalent bond ™.
f2planation.

Tnese bonds are formed by equal sharing of electron pair between the two bonding
atoms. This type of bond is called a pure covalent bond.

Examples:

Bond formation in H,, Cl, O, N2and F,.

(ii) Polar Covalent Bond:

“A covalent bond is formed between two different types of atoms (hetero-atom) in which bond
pair of electrons is not attracted by both the atoms equally is called polar covalent bond .

Examples:

Water, hydrogen fluoride, hydrogen chloride etc.

Formation of Polar Bond:

The difference between electronegativities of hydrogen and chlorine is 1.0. As the
electronegativity of chlorine is more, it attracts the shared pair of electron towards itself
with a greater force. A partial negative charge is therefore created on chlorine and in
turn a partial positive charge on hydrogen due to electronegativity difference. It creates
polarity in the bond and is called polar covalent bond.

Delta (8) sign:

The delta (8) sign indicates partial positive or partial negative charge that is developed
due to unequal sharing of shared pair or bonded pair of electrons.

Polar Compounds:

“The compounds resulting from polar covalent bonds are called polar compounds ”.
Examples: -

HCI, HBr, H,0 etc. . _ oL
Determination of Nature of Chemical Bdnd: . | "~ % % [ [ ¢ -

By using electronegativity-values, it is r'uaolb'-lt to predict) w1e;he| al chemlcal bond will
be ionic or covalent in Anawre. ) A | bonil\ Termed beiweelr'elements of high
electrrne,t at Vity, alogﬁn qr p) ‘and-elermeris” of low electronegativity (alkali
metals}-ave |omc n neture the r= is complete transfer of electrons between them.
Crlfﬂrlo :

AT ) the, afffelerice of electronegativities between two elements is more than 1.7 the

Kond 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

Q.1

Ans:

Q.2

Ans:

-Ek.ﬂ_ﬁﬂﬂ‘t‘l“

4.

5.

SHORT QUESTIONS

Define non-polar covalent bond. (TN 2017, F58 2017;:SV/L | 016 DHI R4 SK.B)
Answer given on pg # 133
What is polar covalent bund? ' ) | (SWL 2017)(K.B)

Answer_qiyen on pa #2323

SOLAR COVALENT BOND

MULTTPLE CHOICE QUESTIONS

{glen ifivetiich pair has polar covalent bond? (U.B)
(A) 0O, and Cl, (B) H.O and N, (C) H,0O and C,H, (D) H,0 and HCI
Which one is polar molecule? (LHR 2016 G-11)(U.B+K.B)
(A) Hz (B) HCI ©Cl (D) O

In non-polar covalent bond the bonded atoms share the electrons: (U.B)
(A) Unequally (B) Equally (C) Differently (D) Oppositely

In polar covalent bond molecules are: (U.B+K.B)
(A) Homoatomic (B) Tri-atomic (C) Heteroatomic (D) Monoatomic
Indicate which molecule is non-polar? (U.B)
(A) NaCl (B) KBr (©) CO, (D) KI

4.2 TEST YOURSELF

Ans:

Ans:

Ans:

Give the electronic configuration of carbon atom. (U.B+A.B)
ELECTRONIC CONFIGURATION OF CARBON
The electronic configuration of carbon (¢C) is:

L
In shells =
4
In subshells= 1s?, 252, 2p?
What type of elements have tendency of sharing of electrons? (U.B)

TENDENCY OF SHARIN FELECTRON
The non-metallic elements with comparable values of electronegativity have tendency of
sharing electrons.
Examples:
The elements of Group-13 to Group-17 usually have tendency of sharing.ci-2lectrons, <,
If repulsive forces dominate the attractive forces, will a cova!ent'boncj'torm? (R
DOMINANCE OF REPULISIVE FOROES . '\, o \o~
If repulsive forces dominate.the atiraitive-for¢es, iccvalent,bend will hot-se formed. This
is due to increase in energy.|\ Theucord farraadon ta,<e nlgce when ithe attractive forces
dominate rather than GCulSJVE fosces. |
Consuﬁ?lr\g the’, etecironic coanf\g!‘.ra*lu" of nltrogen atom, how many electrons are
involved inibérid fornwaflon and what type of covalent bond is formed. (U.B)
Z!_EICTRONIC CONFIGURATION OF NITROGEN

| o'qrurjs 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:

INGHENS ——INIENS — S N=N or N,
Triple covalent bond is formed between nitrogen atoms.
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V.

Ans:

Vi.

PAY LI

Vii.

Ans:

viil.

Ans:

iX.

Ans:

_ Sgedra 3

Point out the type of covalent bonds in the following molecules. (U.B)
CHy, CoHg, Hz, N2, and O; -
TYPES OF COVALENT BOND

e CH,: Single covalent bond.
e C,H,: Double covalent bond. ;™
e H,: Single covalent bdnc.

No:-F1.ol» covaleri nond.

0, Bcukle covaleny b.wd
What i a rorig| paii? Howy many lone pairs of electrons are present on nitrogen in
draly omaf , (SGD 2017, RWP 2016)(U.B+K.B)

LONE PAIR

The non-bonded electron pair available on an atom in a molecule is called lone pair of
electrons.

Examgle
There is one lone pair of electrons pressnt on nitrogen in ammonia.

Lone pair
e ‘ \
H H

H

Why is the BF; electron deficient? (U.B)
BE; ELECTRON DEFICIENT

Boron atom has total 5 electrons out of which 3 electrons are present in valence shell.

These electrons share with three atoms of fluorine to form BFs.

F
Now boron has 6 electrons in valence shell in BFs3, it still needs two electrons to complete
its octet. That is why it is called electron deficient molecule.
What types of electron pairs make a molecule good donor? (U.B)
GOOD DONOR
Lone pairs of electrons present on atoms in a molecule make a molecule good donor.
These electrons are not involved in bonding so they can be used to form further bonds.

Example:
In ammonia, there is one lone pair of electrons on nitrogen atom which can form a

coordinate covalent bond with H*to form NH,;

What is difference between bonded and lone pair of electron_‘ang o mc ny 30Tl h-d:'
pair of electrons is present is NHz moleci:a? ARV 201 f '-:va 2015 SMTB)
DIEFERENT!AT!IEN , W

The dlfferences between b snd paira:4d lone pail; ade as Follows: |

lllﬂﬂlm_

Bond pairfo? =Ier* rom id nv3cVe_n\md o Lone pair of electron is not involved in

format-')n ARIERE bond formation.
______ P _ij____ AP A= Example
\ 'Inaammuma molecule there are three e In a ammonia molecule there are three
~bond pairs. lone pair of electrons

N N
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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 i is-des ’e|Cp-‘G Jue
to unequal sharing of shared pair or bonded-pair of electresis. ™ ™/ )
Xi. Why does oxygen molecule not forin a pclar coyatent benid? ' (U.B)
Ans: NON POLARITY. S RXYSENMDLETULE

Oxygen msizcule does-nat!iforrn A [rolar covalent bore-oecause it consists of two similar
oxygeih aioms {iomoeiemic). Therelis'na. difieience of electronegativity and shared pair
of electronis is.attracted Ly hothithic-dtoms equally.
Xii. V\'hy hais v/ater' pdlar-covalent bonds? (DGK 2017)(U.B)
£06 - WATER HAS POLAR VALENT BOND
A \Nau:r has polar covalent bond because there is difference of electronegativity (1.3)
between H and O atoms. The shared pairs of electrons are unequally attracted by both the

bonded atoms. Hence poles will be developed and molecule will become polar.
S5+

H—O\
o+
H

4.3.5 METALLIC BOND

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: METALLIC BOND

“The metallic bond is defined as a bond formed between metal atoms (positively charged
ions) due to mobile or free electrons ™.

Example:
The bond found between atoms in sodium, calcium and magnesium metals.
Different Type of Metallic Bond:

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

EORMATION OF METALLIC BOND
Weak Hold of Nucleus over Outermost Electrons:

In case of metals, the hold of nucleus over-the outermast-cis Ltrcn.; s Nveqk bPC‘lt 95OF
large sized atoms and greater numbes, of shell' in-nel W n 1u Ie us.and valense-ciectrons.

-

L oss of Electrons:

Becauset Iuw ionization )o*er ials, rnetais have -1‘n'é'tendency to lose their outer most

shell ei=ctior's ecai-!y The, 1oCse or.free eiectrons of all metal atoms move freely in the

spaces uet, l\reew at)ns of al izetal. None of these electrons is attached to any particular
: c'[OI’ﬂ . -

|— ale 01 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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4.4 INTER MOLECULAR FORCES

" 4.3.5 METALLIC BOND

SHORT QUESTIONS
What is metallic bond? (GRW 2017 G-1, GRW 2016 G-11)(K.B)
Answer given on pg # 136
What types of elements form metallic bond? (U.B+K.B)

ELEMENTS FORMING METALS

Metals form metallic bond because they have low ionization energies and high shielding
effect due to these properties metal atom lose electrons easily and form a sea of mobile
electrons with positive ions.
Examples:
e Sodium
e Calcium

What are intermolecular forces? Compare this forces with chemical bond forces with
reference to HCI molecule. (Ex-Q.9) (SWL 2016, MTN 2016, RWP 2016, FSD 2016,17)(U.B+K.B)
INTERMOLECULAR FORCE

Definition:

“The forces of attraction present between molecules of a substance are calledm

intermolecular forces”. - 1A r=lla\\
OR - o 'H-. NN PR,

“The forces that hold atoms in a- uf)mDOL nc| e «he mlca] bonds Ih 'aaaitan to these
strong bonding forces, relatively. wc*u’( ﬁ‘{)r'ws Al so ens* 'n )erw»er‘ the molecules, which

are called *ermol_e_culﬂr f(}rcea" ARV ,J
Examg_e- VY ) o \ \
The bor! d| m cm mt:rr [ Ien ulﬂ' torces of hydrochlorlc acid.

| L 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 (mtrar**a'ecul o mrces)
Example: - - -
It requires about 17 kJ enzrgy to urpak these intermolecular folceu b'etweeri one mole of
liquid hydrogen chloride miolecuies to C :)rwe“t itlinio-gay. :
(i) Infr_al@:;cgl'_"qgs_
About 430k ‘ard fequired o bieak the chemlcal bond between hydrogen and chlorine
ators ir, 1'rnote\of hyd-ogen chloride (Intramolecular forces).

5 TYPES OF INTRAMOLECULAR FORCE
A II intermolecular forces, which are collectively called van der Waals forces, 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 2016, BWP 2016, MTN 2017)(U.B+K.B)
DIPOLE-DIPOLE INTERACTION

Definition:
“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 ”.

Example:

Occurrence:
These forces occur between molecules in polar substances.
Dependence:
These forces depend upon:
e Electronegativity difference between bonded atoms
e Distance between molecules _
Development of Dipole-Dipole Forces: 1 - )
(i) They result from the attractlons of odpasne charges wiit Lh w'a\' Je ﬁn r“mr‘, or
permanent. L AT \ -
(ii) The unequal sharing ofl e':c {Fong bit.*ve 2 t'fv(:' cih'fe[‘ it ‘typ 2s/of atoms make one
enr*-rn n olecule siigiitly positive and ‘ot ierend-stightly negatlvely charged.
(i) As=7 arell hairof alacirons d\avw towards more electronegative atom, it is partially
negati/ely, tharged, 'as! ctiiorine in hydrogen chloride. The other end automatically
./ becdmeag parsdlly positively charged.
B Hz)+ CI(B—
(|v) 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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Q3

£, Vet
AN

Explain hydrogen bondir g n cetal !
(LR 2016, FS2-2014, $G:D/2016,|MTN 015, DGK 2016, SWL 2016, BWP 2017)(U.B+K.B)

OR -
Define 'h_/druger. "oondir.g. Expiain that how these forces affect the physical
propprties cf cemporras. (Ex-Q.8)(U.B+K.B)
| I i ] HYDROGEN BONDING
Cetinition:
“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 .
Partially positively hydrogen of one molecule attracts and forms a bond with the partially
negatively charge atom of the other molecule, the bonding is called hydrogen bonding.
Explanation:
Occurrence:
Hydrogen bonding is a special type of intermolecular forces present in the permanently
polar molecules. This bonding can be considered unique dipole-dipole attraction.
Development of Hydrogen Bonding:
This force of attraction develops between molecules that have a hydrogen atom bonded
to a small, highly electronegative atom with lone pairs of electrons such as nitrogen,
oxygen and fluorine. The covalent bond between hydrogen atom and other atom becomes
polar enough to create a partial positive charge on hydrogen atom and a partial negative
charge on the other atom. The small size and high partial positive charge on the hydrogen
atom enables it to attract highly electronegative (N, O or F) atom of the other molecule.
Representation:
This force of attraction is represented by a dotted line (...... ) between the molecules:

Example:

Effect of Hydrogen Bonding on Physical Properties:
(i) Boiling Points:

e Due to this, boiling pomts of thMompcur.df crefatt ectc a gr‘a*ly A
e It enhances the force of a*tractn- “hetiveen mohncule&’ |
Examgle

Boiling pJJnl, (02 wafer (1ﬂ°L 1 m\hgq' r [P"-F.“that of alcohol (78°C) because of more
and str Jng°r onrogen b(,r ding-in-water.

AN w mmr 2t pnenomenon of floating of ice over water is because of hydrogen
bhiirig. 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.

CHEMISTRY-9 139



Chapter-4 Structure of Molecules

4.4 INTER MOLECULAR FORCES _

SHORT QUESTIONS

Q.1  What are intermolecular forces? | (FSR2017 845 B)
Ans:  Answer given on pg # 137

Q.2  Define hydrogen bonding. /GR'W'20%6 G-I, LHR 2016 G-1)(K.B)
Ans:  Answer givei on pg # 1239

Q.3  What are dipcie<dipcia iivlaractians?

Ans:  Answerigli/en D pg'# . 38

] LY INTER MOLECULAR FORCES

N

i. Energy required to break forces of one mole liquid HCI molecule is: (K.B)
(A) 16kJ (B) 15kJ (C) 17kJ (D) 18kJ

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

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)
(A) 430 kJ/mol (B) 340 kJ/mol (C) 403 kJ/mol (D) 304 kJ/mol

5. The boiling point of alcohol is: (GRW 2016 G-11)(K.B)
(A) 44°C (B) 19°C (C)53°C (D) 78°C

6. Ice floats on water because: (U.B)
(A) Ice is denser than water (B) Water is denser than ice
(C) Ice is crystalline in nature (D) Water molecule move randomly

7. Which type of force is present in hydrogen bonding? (LHR 2015)(U.B)
(A) Intermolecular forces (B) lonic forces (C) Covalent forces (D) Metallic force

8. Hydrogen bonding is present in: (U.B+K.B)
(A) Non polar molecule (B) Temporary polar molecule
(C) Permanently polar molecule (D) Homoatomic molecule

9. Weakest force among the molecules is: (U.B+K.B)
(A) lonic force (B) Metallic force
(C) Covalent force (D) Intermolecular force

10. Metals have or free electrons.
(A) Mobile (B) Tightly bonded (C) Free (J) 'er of tht e :

11. Metals are good conductor of heat and: \ —K.B)
(A) Electricity (B) Energy ) (Cy I\;or‘e LT these -( D) A ur these

12. Metals have tendency to loje ’Ie:m ng quete: - (U.B)

(A) Higr-ienization engigy, |
(C) Higk=2lteticn e.rs_nl iyl

MULTIPLE CHOICE QUESTIONS

ey

(B, Lewionization enefgy

(D) Less number of free electrons

434l | L) WTEST YOURSELF

MY 'I at teofelements form metallic bonds?
METALLI

(K.B)

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.
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Ans:

iv.

Ans:

Ans:

Vi.

Ans:

Vil.

Ans:

viii.

Ans:

Evalii

Examples:
e Sodium .
e Calcium - [y |
Why is the hold of nucleus over the outeriiiost electrgns’in wictels weak? 1Y)

WEAK HCLD OF MUCLEUS

The hold of nucleus over th? cutermastelsctzans, in me*al ‘s ive'a_k becaljse of:
e Larae sized atoms f
e Graatar nuriiser of; anelh |r‘ heuv‘etl *Hm'bua and valence electrons

o Low idr izationt energy |
\’"hy the electiins move freely in metals? (U.B)
|9 ] FREE MOVEMENT OF ELECTRONS
Eiectrons move freely in metals because of large sized atoms, increased shielding effect
and low ionization energy. Due to these properties the metals have the tendency to lose
their outer electrons easily. Resultantly 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 atoms.
Which types of electrons are responsible for holdings the atoms together in metals? (k.B)

ELECTRON HOLDING THE ATOM
Mobile electrons present within the metals are responsible for holding the atoms of
metals together forming a metallic bond.
Why a dipole develops in a molecule? (U.B)

DEVELOPMENT OF DIPOLE
A dipole develops in a molecule due to electronegativity difference between the two
bonded atoms. The unequal sharing of electrons between two different types of atoms
makes one end of the molecule slightly positive and other end slightly negatively
charged. Hence a dipole develops in a molecule.
Example:
H6+ Cls-_ H6+ Cla- ______ H6+_ Clé—
What do you mean by induced dipole? (U.B)
INDUCED DIPOLE

“A temporary dipole which is produced in a non-polar molecule due to the influence of a
polar molecule is called an induced dipole .
The positive end of polar molecule attracts the mobile electrons of the nearby non polar
molecule and induce the polarity in non-polar molecule.

Why are dipole forces of attraction not found in halogen molecules? —. () o

NO DIPOLE FORMATION IN HALOGENS [~ 1“7

Dipole forces of attraction are not found-in halogen roleciites hes: ause hc|r%r‘r~ e
homo atomic molecules. Due to nq o;fferen celoi elettroneq allv|ty bet\ veen atoms halogen
molecules have no dipolesiard thuc aie yior-ootar. | Y L

Example: - Yy \

C|2, I B__!'z ard1 . |

What typeal of atlract'w foy ces st oetween HCI molecules? (U.B)

VAT RAQ,. 1VE FORCES BETWEEN HCI MOLECULES

._H" forns'a "‘JhaT covalent bond between atoms due to difference of electronegativity

fm maen 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:
H*— C1%-mm- H* — C1%
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iX.

Ans:

Define intermolecular forces; show these forces among HCI molecule.
(BWP 2017, FSD 2017 G- ||)(u B+K By

INTERMOLECULAR FORCES i [€
“The forces that hold atoms in a compouail are chemizai izsnas.| In 0citin-10-titese
strong bonding forces, relatively wegk for(es aisy tXI in bﬁt\/ ieen the 'malgcules, which
are called intermolecular jorzes”. ¢ : \

Example: —

| ~Chemieal Rohd

Intermolecular forces

4.5 NATURE OF BONDING AND PROPERTIES

4.5.1 IONIC COMPOUNDS

Q.1

Ans:

Write down the properties of ionic compounds.
(FSD 2016, SWL 2016, DGK 2016, 17, RWP 2016,17, MTN 2017, GRW 2016 G-I, 11)(U.B+K.B)

IONIC COMPOUNDS
Definition:
“The compounds which contain ionic bond in them are called ionic compounds. ”

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

Composition:

lonic compounds are made up of positively and negatively charged ions. Thus they
consist of ions and not the molecules.

Attractive Forces:

These positively and negatively charged ions are held together in a solid or crystal form
with strong electrostatic attractive forces.

Ordered Arrangement of lons:

The orderly arrangement of Na* and CI” ions in a solid crystal of sodium chlorlde is

given below:

@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:

PROPERTIES OF 1IO0NIC COMPOUNDS
The ionic compounds have following properties: _
Crystalline Solids: ;
lonic compounds are mostly crystalllne solidls. - | |
Electrical Conductivity:
lonic compounds in solid ¢ tate hayz r'eJllds H1¢ Blectrical condiictante but they are good
conductorsTin solutior-and 10/ thie ‘maiten farm.. It is-uue to the presence of free ions in
them. "/ ' A
I\/Ieltlnc' and Bailing K Fo nts.
lsnic| compcurids Favs-high melting and boiling points. For example, sodium chloride
hismaeating point 800°C and a boiling point 1413 °C. As ionic compounds are made up
&1 positive and negative ions, there exist strong electrostatic forces of attraction between
oppositely charged ions. So, a great amount of energy is required to break these forces.
Solubility:
They dissolve easily in polar solvents like water. Water has high dielectric
conductance that weakens the attraction between ions.

What are covalent compounds? Describe the properties of covalent compounds.
(MTN 2016, RWP 2016, BWP 2017, SGD 2017, LHR 2016 G-1)(U.B+K.B)
VALENT MPOUND

Definition:

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

The covalent compounds are made up of molecules that are formed by mutual sharing of
electrons between their atoms i.e. covalent bond.

Strength of Bond:

A covalent bond is generally regarded as weaker than an ionic bond. Covalent compounds
are made up of two or more non-metals.

Example:

H,, C|2, CO,, H,S0O,, CsH 1,06 etc.

Physical States:

Lower molecular mass covalent compounds are gases or low boiling liquids. Contrary to it
higher molecular mass covalent compounds are solids.

PROPERTIES OF VALENT MPOUND ;
The properties of covalent compounds are as foIIows e ST e
Melting and Boiling Points: - VOV AN e
They have usually low meitiiig andZailing nom s IRRR '
Electrical Sonductivibv: /
They are.Jsually bad cond LCtr‘{'S fﬂloc "l("Ly The compounds having polar character in
their bond r g e t01d |c{on of eleetricity when they dissolve in polar solvents.

"1 d;, g usually insoluble in water but are soluble in non-aqueous solvents like

venzene, 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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Q3

Ans:

Q.4

Ans:

Write a note on polar and non-polar compounds. (U.B+K.B)
(A) Polar Compounds -
“A compound having polar covalent bond is called polar compang.

Examples:
HF, HCI, H,0, NH; etc

Polarit |r. a chm.u‘al hnd i dl 2 i mﬂ 1§ °nr‘c in electro negativities of the bonding atoms.

Electrone;jati /rtls g

Or |the Rauiing . Scaie fluorlne has been given an electronegativity value of 4.0. The

Ui s Forrother elements are calculated relative to it.

' PROPERTIES

(i) Properties of non-polar and polar covalent compounds differ to some extent.

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

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

XX 61‘— 6—
H . + X C]i —_— H o Eﬁ;
EN.=22 EN.=32
§+ 8-
H—0 5+ 5 5+ 5
\;  H—F H—Cl
H .
(B) NON-POLAR COMPOUNDS
“A compound having non polar covalent bond is called non polar compound. ”
Examples:
CO,, CHay, CGHG, CoH,, CC|4 etc.
PROPERTIES

(i) Non-polar covalent compounds usually do not dissolve in water.
(i) Similarly non-polar compounds do not conduct electricity. _ —. T
Write down the properties of coordinate covalent compouno_l_s. ~A1C~ N\ (CkB)

COORDINATE COVALENT COMPQUNLS | | /o | =
“The compounds which contain c;u;dlnate coy ouer t tcnc |n tnem a- e callgi-toordinate
covalent compounds ”. - Lo
Examples:—
NH, ~RE| Wid,CL NH —Alal\a\l‘

\ .~ PROPERTIES

~ (i Their p cpemp are mostly similar to those of covalent compounds.
Sl f_‘s theniuclei 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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QS5

Ans:

Write down the properties of metals.(FSD 2016, 17, RWP 2017, SGD 2016, GRW 2016 G-I)(KB)
METALS
Definition: L
“The elements which are usually hard, arggood condwsctors 9oF h at larid-glectrisiniana
are malleable and ductile are call2d metal<., ”

Metals have common proparty of-amnducting hzat andd electricityh It/gives them prime role

in man\.inaustries. - /

Examgples:

Iron, coha't) nicke!, poid, si'verietc.

| PROPERTIES

1 e nranarties of metals are as follows:

&) They show metallic luster.

(if) They are usually malleable and ductile. Malleability is the property by virtue of
which a metal can be rolled into sheets, while ductility is the property 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 and form cations (M") very easily.

(v) They are good conductors of heat and electricity in solid and liquid state due to
mobile and free electrons.

(vi)Metals have shining surface.

4.5 NATURE OF BONDING AND PROPERTIES
4.5.1 IONIC COMPOUNDS

Q.1

Ans:

Q.2

Ans:

Q.3
Ans:

SHORT QUESTIONS

Write properties of non-polar compounds. (K.B)
Answer given on pg # 144
What is the composition of ionic compounds? (MTN 2016)(K.B)

COMPOSITION OF IONIC COMPOUNDS
lonic compounds are made up of positively and negatively charged ions. Thus they
consist of ions and not the molecules.
Write any two properties of ionic compounds. (RWP 2017 G-I, 11)(K.B)

PROPERTIES OF IONIC COMPOUNDS

The two properties of ionic compounds are as follows:
Crystalline Solids: — [
lonic compounds are mostly crystalllne soligs e N N |
Electrical Conductivity: ' i A '
lonic compounds in solid stéte have 1egll"'bl> elocrrlca* cardlrctance but they are good
conductors-ii solutlon andl in the InLIter fc, rm. Lt 'S dln to presence of free ions in them.

BMULTIPLE CHOICE QUESTIONS

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.

4.

10.

Ans:

Ans:

Ans:

W

lonic compounds do not conduct electricity in: (K.B+U.B)

(A) Solid state (B) Liquid state (C) Molten state (D) Batr-Aand C .

Melting point of NaCl is: - [ TR

(A) 1413°C (B) 800°C {C) 799°C . v MDY 780°C '

lonic compounds dissolve easily in{ ~ AL ] (K.B)

(A) Ether (B) Beizess T\ [ (W(QPetrel || L (D) Water

Non- po'or ccvalen’r cempaundiusdaily' Llssnl Ve N (K.B)

(A) Waizt, | - U(ES) Acotial (C) Acid (D) Ether

Covaler t ¢gmpeunas Have iviztting and b0|I|ng points: (K.B)

(&) Low ' . ~(B) High (C) Moderate (D) Very high

Nen palair covalent compound usually conduct electricity. (K.B)

(A) Do (B) Do not (C) Both (D) None of these

Benzene is: (K.B)

(A) Polar compound (B) Non-polar compound

(C) Homoatomic compound (D) Monoatomic compound

Metals usually have melting and boiling points: (K.B)

(A) High (B) Low (C) Both (D) None of these

Why the ionic compounds have high melting and boiling points? (U.B)
10ONI MPOUND

As ionic compounds are made up of positive and negative ions, there exist strong electrostatic

forces of attraction between oppositely charged ions. So, a great amount of energy is required

to break these forces, therefore ionic compounds have high melting and boiling points.

What do you mean by malleability? (SGD 2017 G-I1)(K.B)
MALLEABILITY

Malleability is a special property of metal, by virtue of metal can be rolled into sheets.

Examples:

Metals such as gold, silver, copper, are malleable.

Why are ionic compounds easily soluble in water? (U.B)

1IONI MPOUND
lonic compounds are easily soluble in water, because water is a polar solvent and has
high dielectric constant that weakens the attraction between ions of ionic compounds like .

dissolved like similar solvents dissolve similar solutes. lonic compoundg are, pola'_ e R

why they are soluble in polar solvent like Water

Examples: LT A NN (eho~—
Sodium chloride can easily-ise soluntd i inavaten, | Ly T
What type of bond exists in sgdium e nde’ g R (U.B)

~ BOR; ')_I:X.QT 1N SGTM 1 CHLORIDE

Sodiuny b.mrlca i5an‘o 1|c (onp)l ie-itherefore ionic bond is present in sodium chloride.

hv th coval ent cum. paunas of bigger size molecules have high melting points?(U.B)
HIGH MELTING POINT

i o co\/alent 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.

Ans:

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 ClI (B) Hand Na (C)Naand I . (D)<ana Cl

b. Comparing the electronegativity differences. -srianige these Compoungs i

increasing ionic strength. ‘ . I (U.B+A.B)
Pair of Elements ‘r‘m i iature of Bond
il = "‘1' aj*; 2

(A) H and CI Polar covalent bond
(H=2-2;TI'=3:2} _
(B)-H "and'Na, | ! 1.3 lonic bond
(M =P-2,'Ne=9.4)
(G N2Yaiia | 1.6 lonic bond
\Na=0.9, 1=2.5)
(D) KandCl 2.4 lonic bond
(K=0.8, CI=3.2)

b. Comparing the electronegativity differences, arrange these compounds in increasing
ionic strength.
The order of increasing ionic strength of compounds is:

H-Cl<H-Na<Na-I<K-Cl

Least ionic Most ionic

ANSWER KEYS

4.1 WHY DO ATOMS FORM CHEMICAL BOND

4.2 CHEMICAL BOND
H°BE°BE'H'HB°MH

4.3.1 IONIC BOND

DCCBAnA

4.3.2 COVALENT BONDESES 'S

4.3.3 DAT(VE COVALENT.OR COOK BHIATE COVALENT BOND

NUi-5"4" POLAR AND NON POLAR COVALENT BOND

WM ECE B B -k
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4.4 INTER MOLECULAR FORCES

TR REE R R ecel

[ﬂiﬁqu "'_DEDIAE R R

S

R EXERCISE SOLUTION

10.

12.

MULTIPLE CHOICE QUESTIONS

Atoms react with each other because: (GRW 2016 G-1)(U.B)

(A) They are attracted to each other. (B) They are short of electrons

(C) They want to attain stability (D) They want to disperse

An atom having six electrons in its valence shell will achieve noble gas electronic

configuration by: (U.B)

(A) Gaining one electron (B) Losing all electrons

(C) Gaining two electrons (D) Losing two electrons

Considering the electronic configuration of atoms which atom with the given atomic

number will be the most stable one? (U.B)

(A)6 (B) 8 (©) 10 (D) 12

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 configuration (D) Attaining of eight electrons

Transfer of electrons between atoms results in: (K.B)
(GRW 2017 G-I1, DGK 2017 G-I, SWL 2017 G-11, BWP 2016 G-11, FSD 2016 G-I, SGD 2016 G-11)

(A) Metallic bonding (B) lonic bonding

(C) Covalent bonding (D) Coordinate covalent bonding

When an electronegative element combines with electropositive element the type of bonding is:(@.B)

(A) Covalent (B) lonic (C) Polar covalent  (D)Coordinate covalent

A bond formed between two non-metals is expected to be:
(RWP 2017 G-I, SGD 2017 G-I, BWP 2016 G-I, I, SGD 2016 G-11, F$H.2016 G-I)(\/2=K B)

(A) Covalent (B) ionic (C) Coordma_te cavaien;: | (D) \Metallik:
A bond pair in covalent molecules-usually Itas: (C-Rw'?_om (X} Rw_v-?-%l? G-I')(U.B)
(A) One electron (B) Twwo elestzons~ _ ((¢) Three glectrens, (D) Four electrons
Which of the following compg Uunios is nct dirscticiial indts boncling? (U.B)
(A) Chigyh (BY'K B . \ WA “10) CTy (D) H,0
Ice flogision w atéribecouse; e (SGD 2017 G-1, SWL 2017 G-I)(U.B)
(A) Ice is Lens=L thair watsr (B) Water is denser than ice

3 (I(“.I e i¢ chystzliiie in nature (D) Water molecules move randomly
Clohlent 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
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-3}

(A) Eight (B) Six (C) Four (5] ) onhy tree’ ¢

14. Which pair of the molecules has same tyn<,of covalent.5oraz ’_? | (DEK2016-5:i410B)
(A) Oz and HCI (B) O, and M3 (SO anil'Cy (D) o ax6CoH,

15. Identify the compound whith isnStseius'e i) water! A | (K-B)
(A) CeHs (R) Fla! L (ChrKbr. (D) MgCl,

16. Whict! orw oF tiid fo.Iqu ¢ is-an °I=clron de..Clent molecule?
(LHR 2016 G-1, MTN 2016 G-I, 11, RWP 2016 G-1)(K.B)

(A)MHs 0B, DF3 (C) N2 (D) O,
=4 |¢encify ivirish pair has polar covalent bonds: (U.B)
[ M (/\") O, and Cl, (B) H,O and N, (C) H,O and C,H, (D) H,0O and HCI
13.7 Which one of the following is the weakest force among the atoms? (K.B)

(A) lonic force (B) Metallic force

/3 A kN B

(C) Intermolecular force (D) Covalent force
1 Kl 12 [} 14“15 16.1718

bR
EXERCISE SHORT QUESTIONS -

1. Why do atoms react? (LHR 2017 G-1, SGD 2017 G-I1)(U.B)
Ans: REACTIVITY OF ATOM
Atoms react to form chemical bonds in order to get stability. Atoms achieve stability by
attaining electronic configuration of inert gases by losing, gaining or sharing of electron.
2. Why is the bond between an electropositive and an electronegative atom ionic in nature?(U.B)
Ans: IONIC NATURE
The bond between an electropositive and an electronegative atom is ionic in nature
because electropositive atom due to low I.E. can lose electron easily and forms a positive
ion whereas electronegative atom due to high electron affinity will accept that electron
easily and forms a negative ion. In this way positive and negative ions are attracted by
electrostatic force of attraction to form ionic bond.

3. lonic compounds are solids. Justify.

(MTN 2016, DGK 2016, FSD 2017, RWP 2017 G-11, LHR 2016 G-1)(U.B)

Ans: 1IONI MPOUND .
lonic compounds are solids because they have strong electrostatic forces of attrasti, ) ||
between positively and negatively charged |ons Whlch holr1 thine, in & mrce umwr Sicn&:
crystalline or solid form. - AN LAY T
Example: \ _/ A \ ' o
Potassium chloride (KCI) i3 crymlln ) s:)hd

4. More fue'**rL neaet.‘,ﬂ elen'eriis cary for m sonds Between themselves Justify.

\ (BWP 2017)(U.B)

Ans: Vo \ '~ JUSTIFICATION
—, [ViDTe eloct onegf-tlve elements have high values of ionization energy and do not lose
' '”l—."_t_ '0ns=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:

Ans:

10.

Ans:

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

IONIC COMPOUND . 1A s\
lonic compounds conduct electricity in spigtion or_msiten Torm betadssrin| these W
states ionic compounds have free ioris in theny. When Thesz lreo Ians meéye-in solution or
molten state they become ¢orductziof ¢ lectsici Tty - |
What tyn:0f covalertsord is ff)rl ne,; ire.n; tmgﬂn_ mulecule’? (SGD 2017 G-1)(U.B)
Triple Covd lert! b(n1 is foirnzd in mtrogen molecule. In nitrogen molecule three bond
pairs|arelinynlved in sond formation.

INGEENE ——INENE ——N=N or N,

Differentiate between lone pair and bond pair of electron.
(SWL 2016, DGK 2016, GRW 2016 G-11, RWP 2017 G-I, SGD 2017 G-11)(U.B)
DIFFERENTIATION
The differences between bond pair and lone pair are as follows:
Definition
e Bond pair of electrons is involve | e Lone pair of electron is not
in bond formation involved in bond formation.
Example
In a ammonia molecule there are In a ammonia molecule there is one
three bond pairs of electrons. lone pair of electrons.

©
/|”\ /|N\
H H H H

Describe at least two necessary conditions for the formation of a covalent bond..B)
NECESSARY CONDITIONS

Two necessary conditions for the formation of a covalent bond are as follows:

Elements should be electronegative in nature.

Electronegativity difference between bonding atoms should be very smaII or zero.

The elements should share the electrons mutually. .

There should be 4 or more valance electrons. — {

e The ionization energies of the efements m. |°'r he mul _' VN LS

Examgles \ . -..-' L) W T T

HCl, C|2, CsHs and C2H'> | J :

Why H_g.] has & pole d'pol fn{céﬂvf aJraruUn’P (DGK 2016)(U.B)
B DJ_JLE -+POLE FORCES IN HCI

HC'-forins| & prial covalent bond between atoms due to difference of electronegativity

1%,

hetween honded atoms. There exists a dipole in the molecule. The positive end of one

xo0lecule attracts the negative end of other molecule. Hence dipole-dipole forces.
(intermolecular forces) exist between HCI molecules.

Example:
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11.

Ans:

Ans:

12.

What is a triple covalent bond, explain with an example?
(SWL 2017, DGK 2017, BWP 2017, GRW 2016 G- II)(K B+A By
TRIPLE COVALENT BOND _ 4
When each bonded atom contributes three-slectrons, three irend., bairs a” VOIS
bond formation. This type of bond;is “alled trl'3 T cova ent *)cno

Representation:

Itis repmccmed by three-lines, (=) batv/zer o bandsg atoms.

Exampis-

Triple covalert! bend s 1cmn.bd in nltrogen molecule. In nitrogen molecule three bond

pwrs areiin ml\,rﬂ_ in oond formation.
: :N: +>< N

> NN

——>N=N or N2

What is difference between polar and non-polar covalent bonds, explain with one

example of each?

(GRW 2017 G-1, LHR 2016 G-11)(U.B+A.B)

DIFFERENTIATION
The differences between polar and non-polar covalent bond is as follows:

Polar Covalent Bond Non-Polar Covalent Bond

Definition

It is a bond formed between two different
types of atoms (heteroatom).

It is a bond formed between two similar
atoms (homo atoms).

Extent of Attraction

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

The shared pair of electrons is attracted by
both the atoms equally.

Electronegativity Difference

There exist electronegativity difference
between two atoms.

There exist no  electronegativity
difference between two atoms.

Examples

HCI, HBr, HF, H,O are examples of polar
covalent bond.

H,, Cly, Na, O, are examples of non-polar
covalent bond.

13.

Ans:

14.

Ans:

Why a covalent bond becomes polar?

there will be unequal attraction for the bond pair of electrons between such :atoms ALy X\

POLARITY OF
result in the formation of polar covalent bond
Examples: )
HCI, H,0 etc. '

What is relatlonshlp betv 'een “-tu[rﬂr eq] auvlt / cnd po!at |t 2

The po

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

VALENT BOND
When there is a difference of electronegativity between two covalently bonded atoms,

T -
.H.I
L

N |

IGRW 2017 G-11)(U.B)

the bondexI atc rs.| I— |g 1er tno c.ectronegatlwty difference between bonded atoms, greater

i \wll le the mlcntv

8+ 5
H—O

\ o
H

5+
H—F

5HUS electronegat|V|ty and polarity are directly related:

& 3+ 5 -

H—ClI
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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 2015 G-I, 2017G i

Ans:

16.

Ans:

17.

Ans:

Ans:

Ans:

Ans:

FLOATIN FICE I«
Ice floats on the water because of the hydr fen bonding-Der :ﬂty of lice (" 9 7g'c..nf) N
less than that of liquid water (1. OOqfcfn ) ati0“C: L -
Give the characteristic properticsof idniciccrapbuncs [ (GRW 2016 G-11)(K.B)
CH QQAQTER"""IP_S_F ROFERTLES O 4ONIE COMPOUNDS
The characteristicenrgparties c¢f.ioni coiresunds are as follows:
Q) loriic'z conipound's are nostly erystalllne solids.
(i) onic 'comippunds-are good conductors in solution and in molten form due to
| % brgsence of free ions in them.
¢ii) lonic compounds have high melting and boiling points. For example NaCl has
melting point 800°C and boiling point 1413C.
(iv) lonic compounds dissolve in polar solvents e.g. NaCl dissolves in water.

What characteristic properties do the covalent compounds have?
(BWP 2016, LHR 2017 G-1)(K.B)

HARACTERISTIC PROPERTIES OF VALENT MPOUND
The characteristics properties of covalent compounds are as follows:
(i) Melting Boiling Points:
They have usually low melting and boiling point.
(i) Electrical Conductivity:
They are usually bad conductors of electricity. Polar compounds are conductors in their
solutions in polar solvents.
(iii)_Solubility:
They are usually insoluble in water but soluble in non-aqueous solvents like benzene,
ether, alcohol and acetone.
(iv)_Crystal Formation:
Bigger molecules with three dimensional bonding form covalent crystals which are very
stable and hard. They have high melting and boiling points.

EXERCISE LONG QUESTIONS

What is an ionic bond? Discuss the formation of ionic bond between sodium and
chlorine atoms.

Answer given on pg # 125 (Topic 4.3 and 4.3.1) i _ -
How can you justify that bond strength in polar covalent compauf s i Comparatie
to that of ionic compounds? - N NN (O St
Answer given on pg # 133 (Topic 4&4) : g

What type of covalent bonds s Thrimea bewveen r\,dmg A, CX\gen and nitrogen?

Explain-t fhenr bonrimg witn dotand ¢ross model. (U.B+A.B)
£\ \ TYDE«@W»\/H._ENT BOND
(i) Hyd rouen:

Siagle cavel: =nL Lmt ds present in hydrogen.

' "I_Je_tpu 7] Sross Model:

He + xH HexH or H—H ; 1-12
single covalent bond
(i1) Oxygen:

Double covalent bond is present in oxygen.
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. J I' ‘,3|1$
Ans:
Ans:

Ans:
Ans:

Ans:
10.
Ans:
11.

Ans:

Q.1
Ans:

Q.2
Ans:

’ -

Dot and Cross Model:

x
*x

x
>

a8 XX

. L X ] XX -
.O.. + ;’é — O: § or O:O - L.),':x
doulite ovalent s .

(iii) Nitrogen: o
Triple covalent bond is pre seit in |'-'tmg'er*."

Dot and.Crdss Maode::

PR .'.N:§N" or ..E.}i‘ N

st o
i 2

x 2 x

triple covalent bond

IHaw! agevident bond develops ionic character in it? Explain.
Answer given on pg # 128 (Topic 4.3.4)
Explain the types of covalent bonds with at least one example of each type.
Answer given on pg # 128 (Topic 4.3.2)
How a coordinate covalent bond is formed? Explain with examples?
Answer given on pg # 131 (Topic 4.3.3)
What is metallic bond? Explain the metallic bonding with the help of a diagram.
Answer given on pg # 136 (Topic 4.3.5)
Define hydrogen bonding. Explain how these forces affect the physical properties of
compounds.
Answer given on pg # 139 (Topic 4.4)
What are intermolecular forces? Compare these forces with chemical bond forces
with reference to HCI molecule?
Answer given on pg # 137 (Topic 4.4)
What is a chemical bond and why do atoms form a chemical bond?
Answer given on pg # 123 (Topic 4.1& 4.2)
What is octet rule? Why do atoms always struggle to attaint be nearest noble gas
electronic configuration?
Answer given on pg # 123 (Topic 4.1 & 4.2)

ADDITIONAL CONCEPTUAL QUESTIONS

Why do atoms struggle to attain the nearest noble gas electronic configuration? (U.B)
NOBLE GAS ELECTRONIC CONFIGURATION

Atoms always struggle to attain the nearest noble gas electronic configuration in order to .

become more stable. For this purpose they follow two rules i.e., duplet ar\u Getet ru" —

How we assign group number to an element? Tl N (L)

ASSIGNING GRGUP NU_I\"EE*-& -} [ (¢ ~—
The position of an atom .in, the perl odis ab]u inaicates its, gr ou-') lurr.uer The group
number is assigned on the )a |s ai \al=r Ce sneH alect: on< ' )

Examples |, -

o Groin ! has om~y 3 elet trown\i'ts \VE Iem,e sheII

e Gro! Ip\L7 Tves 7 E'GLtIDI’h 7 its valence shell.

- ‘iﬂ]a is ihe lfft ct ef dttractive and repulsive forces on bond formation? (U.B)
S EFEECTIVE AND REPULSIVE FORCES

u) 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.

CHEMISTRY-9 153



Chapter-4 Structure of Molecules

Q4

Ans:

ANS:

Q.6

Ans:

Q7

Ans:

(i) When Repulsive Forces Dominate:

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

forces become dominant no chemical bond will be formed. In. th4t [case. there \7ilk, ae

increase in the energy of the system due to i?ation of rejsuisive foices. /7, —

Which type of element follow dudlet ruleiar G Why? (U.B)
TYPE OF ELEMENT ERLLSGN DUPLEY ?L LE-

Elements 'witich have caly y-sushell usiadly follew giplet rule.

Example; |

Hydrogan'and Hehum

Regson.,

13acsune s=5u0Shell has maximum capacity of 2 electrons.

“What are ionic compounds? (K.B)
1IONI MPOUND

Definition:

“The compounds containing ionic bond in them are called ionic compounds”.

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 shells of atoms is shown in small ‘dots’ or
‘crosses’ around the symbol of the element. Each dot or cross represent an electron. This
is a standard method of Lewis to describe the electronic configuration of valence shell of
an atom. It is called Lewis structure diagram or Lewis dot and cross model.

Example:
Lewis dot and cross structure of CO, is as follows:

(QxCx30
What types of chemical bonds are present in NH, CI? (U.B)
NH, CI has three types of chemical bonds

e Three covalent bonds are formed between nitrogen and three hydrogen atoms
e One coordinate covalent bond is formed between nitrogen and one hydrogen atoms

e In NH4 Cl, ionic bond is formed between N H,and CI”

- ’
- | ™ -.i ! | | L
- - .- ] o 5 .-
| 1 .- - ... i | | '.- ' .l\..| r ) "
- Ay Y i —

H (N - '-Cl \ T

-

What are mordn a e ‘crvaiem compounds? (K.B)
AmY _ ’;QQRDINATE COVALENT COMPOUNDS

“rhe 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
Ans:

Q.10
Ans:

Q.11
Ans:

Q.13
Ans:

Q.14
Ans:

Q.15
Ans:

Q.16
Ans:

5 e l=|

ANS:

CO,, BF3CCl4 CHyetc. all have polar bonds but the molecules are non-polar. Why’>(u B_)_

All these molecules are non-polar because individual polar bonds (dlp0|PS) are canr‘Pl

out with one another due to symmetrical geometries or shapes cf-moje¢ile. _

Why does water has stronger hydrogen londing tvan aleahni? | (& ~{U.B)

Water shows stronger hydrsgen bendling-tian aicohcl Eecayse eackwater molecule forms

two hydrogen bonds and ezct: a! crrol niolclile car: frornor, Iy one hydrogen bonds.

Why hoiiing pointof fwater'is nighey; than m"f af aicohol? (GRW 2017 G-I)(U.B)
= |  BOILING OINT OF WATER

Boiling hoir't ¢f water : 1‘” ’C) is higher than that of alcohol (78°C) because of more and

stitnger, nvilrsgen bonding in water.

\t/hy ice is less denser than water? (RWP 2017 G-11)(U.B)

LESS DENSITY OF ICE THAN WATER

Density of ice at 0°C (0.917 g/cm?) is less than that of liquid water at 0°C (1.0 g/cm?)

because of hydrogen bonding.

Mechanism:

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 and decreases density of ice.

What are effects of intermolecular forces? (GRW 2017 G-11)(U.B)

EFFECTS OF INTER

Intermolecular forces determine the physical state of substances. They affect the density,

melting point, boiling point, heat of evaporation and other physical properties of

substances.

What is meant by dielectric constant? (K.B)

DIELECTRI NSTANT

“The extent to which the force of attraction between two oppositely charged ions is

decreased due to a solvent is called dielectric constant”.

Water has high value of dielectric constant (80 at 20°C).

What are non-polar compounds? (K.B)

NON-POLAR COMPOUNDS

Definition:

“A compound having non polar molecule is called non polarcomoov.um”-_‘ S ial®
Examples: \ NN | o a2t
COz, CHy, CeHs, CoHz, CClaete. () 4 W 4 L s | "
Differentiate between Mélleabiity énd puctility?) || | ' | | (U.B)

The differsnte betweeiTinal leability, am dUP*llwy is-gsTollows.

EWEEED

o '\/Id‘le.mllrtw i€ tne priop seity by virtue of
“| whith a'métai can be rolled into sheets.
\lIFiy 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.

Ductility is the property by virtue of
which a metal can be drawn into wires.
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TERMS TO KNO

Definitions

Chemical Bond

A chemical bond is defined as forcz ef| atrP\,uorw batwesn]
atoms that+ olds tnem Lu]e*hw in‘aisubstande

loricBinilc

Duplet Rule

Aitaining £ elecsiors, in the 'valench shel! is called duplet rule.
ol e @ample hedurn (He) '

A dtoi:hawng 2igiit Celectrons in the valence shell is called octet rule.
| fror eAdmpIe Neon (Ne).

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

Covalent Bond

“The type of bond, which is formed due to mutual sharing of
electrons, is called covalent bond.”

Co-ordinate Covalent Bond

“Coordinate covalent or dative covalent bonding is a type of,
covalent bonding in which  the bond pair of electrons is
donated by one bonded atom only.”

Polar Covalent Bond

“A covalent bond is formed between two different types of
atoms (hetero-atom) in which bond pair of electrons is not
attracted by both the atoms equally is called polar covalent
bond”.

Non-Polar Covalent Bond

“A covalent bond is formed between two similar atoms (homo-
atoms) in which shared pair of electrons is attracted by both the
atoms equally, called non-polar covalent bond .

Metallic Bond

The metallic bond is defined as a bond formed between metal
atoms (positively charged ions) due to mobile or free electrons

Intermolecular forces

“The forces of attraction present between molecules of a
substance are called intermolecular forces”.

Dipole — Dipole Interaction

The force of attraction present between partial positive end of

molecule is called dipole - dlpoleforcpL | 2

TN f,:_»\.'a"ér|"L"_(:c,mpounds
.--l -. b

Hydrogen Bonding

. cahc‘d ‘qyﬁgen ‘mr‘a..ug

lonic Compo mi, L\

“ jonic compounds. ”

“The forces of atirastion sredent-hetweer ['artlah,v i aurvely
charge hﬂfromen atom of| lorie | molécule and partially
ne]a,nely ~ha gvd atoim U\l O'or F) of another molecule is

T w conipounds which contain ionic bond in them are called

“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
Four possible answers (A), (B), (C) and (D) to each quest uon 1re given, magk.-jtie

Q.1
1.

Q.2
(i)
(ii)
(iii)
(iv)
(v)

Q.3

(i)
Note

correct answer.
Molecules with double cevelent Bond is.

(A) Hy, _ 1 (E) GoHly .' 1R (C* Qo "

Which &t the tollovyirg\atains Ghee duplet rule?

(M) OO0 Ly E (C)0

i G risuch energy is required to break the bon of HCI?
(A) 17kJ (B) 470 kJ (C) 430 kJ
The boiling point of sodium chloride is:

(A) 1450°C (B) 800°C (C) 1413°C
Identify the compound which is not soluble in water:

(A) CeHe (B) NaCl (C) KBr

The density of ice is:

(A) 1.00g/cm® (B) 0.917g/cm® (C) 0.971g/cm®

Give short answers to the following questions.
lonic compounds are solids. Justify.

Differentiate between bond pair and lone pair.

Why has water polar covalent bond?

Why is BF3 electron deficient?

Which type of elements follow duplet rule, and why?

Answer the following questlons i detall

Define covalent Bond. Explan ne ype;cft ot Ien* Bcn

Write andyie orf cw“)Ie (.IpOl:' I ~te?“»e ion?

of students.

“viarks 75

ox1=0)
D) N,
(D) Na
(D) 71 kJ
(D) 1314°C
(D) MgCl;
(D) 0.719g/cm?®

(5%2=10)

®)
(4)

"_.‘I"i."ent: orguardians can conduct this test in their supervision in order to check the skill
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