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Chemical Bonding

)

Choose the correct answer for each from the given options:

u The bond formed in fluorine molecule is due to the overlap of these orbitals:

fal s-s b} s-p fc) pp fd) none of these
ﬁ Bond energy aof C= C as compared to that of C=C is:

{a) grearer (b lesser fe} same fd) none of these
m The angle between sp’ orbitals is:

fei) 127° (b 109.28" ) 180" fd) 90°
ﬁ The strength of sigma bond is higher for:

fa) s-5 averlap (b} s5-p overlap fcl p-p overlap (d] sp'- s overlap
ﬁ The dipole moment of Cl, molecule is;

fa) (.00debyve (b} 1.03 debve fcj 1,85 debye fd) 1.67 debye
@: The single bond in a covalent molecnles is called:

fa) pi-bond (b} sigma bond fe) coordinate covalant (d} none
ﬂ The sp’ hybrid orbitals are:

fa) non-planer (b)) co-planer {ci lincar (di none af these
ﬁ Which bond is non-polar?

fa) CI-Cl ib) N-Ci fcj C-CI feli H-Cl
a Which atomic orbital is abways invelved in sigma bonding?

{a) s-orbital b} p-orbital el d-orbiral fel none of these
ﬂ In ethene (CH, ) molecule, there are:

fa) 5 sigmea and 1 pi bonds {h) 6 siema bonds

fc) 4 sigma bonds and 2 g1 bonds fd) none of these
d Which Qf the r.‘on!‘.‘lafnrr:f.\' Frers m'_r.-" Il_}rbridi;u.rfun?

fa) NH, by C.H, {c} C.H, fdl H,0O
ﬂ The bond distance between C-C single bond is:

fa) 1.54 A b) 1.33 4 fey 1.394 (d) 1.204
ﬁ The largest fonic character is possessed by:

{a) HF by HCT {cl HBr fd) HI
ﬁ The geomerrical shape of §0, molecules is:

fa) lincar thy planer triconal (o) tetrahedral fd) none of these
G The hybridization of nitrogen atonr in NH, molecules is:

fa) spr ih) sp fcl sp {d) none of these
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ﬁ The compound are formed by the elements and get stability by:
fa) mudnal repulsion (b} decreasing the energy
fc) increasing the energy (d) becoming inert
a: Which of the following molecule has zero dipoele?
(a) NH, b) CHCI, (c) H.O fd) BF,
@A Debye’ is the unit for the measurement of :
(a) dipole moment (b) electrostatic force
~ fc) Londen force (d) none of these
ﬁ Presence of ionic character in covalent bond make the bond length:
{a) larger fb) smaller fc) no change fd) none of these
ﬁ Bond energy depends upon:
fa) bond length {b) size of honded atoms
fiz) mmudtiple bonds fdl all of them
ﬂ Which type of bond is presenti. CH, and NaH:
fa) covalent in hath ) fb) covalentin CH, and ionic in NalH
fc) fonic in both ."kw' ~(d) iomicin CH, and covalent in Nofl
€I 1hechargeonacation M is +2 an. @Y wion A is -3, The formula of the compound is :
(@) M,A ® M4, M, A, (d) M, A4,
q An atom or group of atoms which are eﬁ Iy charged are called:
{u) free ions (b) anions - tons id) cations
ﬁ The shell of an atom with highest value of *n’ is called:
(a) valence shell {h) inner shell fc) empty shell {d) filled shell
ﬁ The interaction of valence electrons of combining atom forms:
fa) chemical bond  (h) ionic bond fc) covalent bond  (d) hydrogen bond
ﬁ The most polar bond is:
faj N-F (b} F-F fc) C-F fd) O-F
ﬁ In a crystal, cations and anions are held together by:
fal sharing of clectrons (b) nuclear forces
(c) electrostatic farces (d) electrons
ﬁ Ionic compounds are most commonly formed by the combination of groups:
fal 3 and 5 fh) 2 and 5 fc) 4 and 8 fd 1 and 7
ﬂ The nature of bond in diamond is:
fal electrovalent fh) mewallic
fe) co-ordingte covalent fdl covalent
ﬂ Tetrahedral shape of molecules is formed because of :
fer) sp-hybridization (h) sp’-hybridization
fc) sp’-hvbridization (d) Noneof them
a Maximum repulsion exists between:
fa) lone pair-lone pair (b) lone pair-bond pair
fc) bond pair-bond pair (d) none of them
ﬁ Which one of the following contains co-ordinate covalent-bond?
(a) H,0 (b) CH, (c) H,0 @ co,
q Which is the weakest-bond:
fa) covalent bond (b)) lonic bond fc) metailic bond fd) hydrogen bond
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The distance between the nucleus of two atoms forming a covalent bond is known as:

fa) atomic radius (h) bond energy (¢) bond length (e} lonic radius
Which solid does not contain covalent bonds?

ford Dcmmend th) Iee e} Copper (e} Graphite
Which one the following molecules has a co-ordinate covalent bond?

fa) NH,C! (b) HCI (¢) NaCl (d) AICI,

Which ene of the following is non-directional orbital?

fa) sp’ (h) 4d {e) 4f fd) 3s

sp' hybridization is present in:

(@) CCl, (b) NH, fe) H,0 (d) all of them
Hybridization is due to:

fa) separation of orbitals B} removal of electron pair

fe) addition of electron pair fd) mixviag up of eiomic orbials

A bonding orbital which is symmetrical about a line joining the two atomic nuclei is called:
fap pi bond fb) sigma bond fe) dative bond (cd) hydrogen bond
Which of the following bond require the largest amount of energy to dissociate inte atoms?
fap CI-CI ) N=N {c] O=1) fcd) HCY

The distance berween two carbon atoms is largest in which of the following molecules?
(a) C.H, (b} C.H, fc) C.H, (d C,H,

During the formation of bond, the energy of the systen:

{a) increases (h) decreayes fiz) remain unchanged (d) None

Total number of electrons that take part in forming O, molecule;

fa) 2 electrons (h) 6 electrons fc) 4 electrons fd} & electrons
The degree of polarity of a molecule is called:

() dipole momeni (b)) bond enengy fc) proment arm el fonic characier
In C.H, molecule the C-H bond is:

() single covalent bond ih) double covalent boyed

{c) triple bond () none of these

The mixing of different energies & shapes of orbivals is called:

{a) hvbridization fhi orientation (ci bonding fd) none of them
Which of the sp' hybrid molecule contains two lone pair:

fa) CH, fhi HCY {ci 1.0 () NI,

The bond angle of linear melecular structure is:

fa) 180" fhi 1207 fei 109.28° fdp 107°

Covalent bond was first discovered by:

fa) W Kossel fh) G.N. Lewis fei Peuling (c) Sigdwick

In sp’ hybridization the ratio of s and p orbital is:

fa) 1:1 th) 1:2 (ci 1:3 (dy 1:4

HF exists in lignid state due to:

{a) Vander Waal s forces (b hvdrogen hond

ie) covalent bond fd) fonic bond

Protonic bridge is another name of :

fa) covalent bond  (B) ionic bond fe; hvdrogen bond  (d) dative bond
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a The band angle in case of NH, is reduced from:
fa) 109° 1o I07° fhy 120° o I04° fc) 109° ta 104.5° (d) 120° 0 107°
ﬁ The p-orbital which is net involved in sp’ hybridization:
fa) p-orhital (k) p, orhital {ci) p arhital fd) all p orbitals
ﬁ Coulomb meter is a 8.0 unit for the measurement of :
fa) bond energy {b) energy of activation
(c) lattice energy (e} dipole moment
ﬁ Na', Mg", Al” ions are:
(a) isofopes (bl sobars fc) isoelectronics fdl isomers
ﬂ Electronegativity difference between atoms helps to determine the:
(o) physical properties of compounds (bi chemical properties of compounds
fo) nature of the bond (e} structure of the molecule
ﬂ Which of the following solids consists of atoms or molecules held together only by Vander
Waal's forces?
fa) G0g fh) Cu {e) H.O,, fd) Mr0O
ﬁ Which of the following has no tetrahedral shape?
fa} CH, () H.Q (c) NH; (d) PCI,
ﬁ In which of the following type of hybridization the bond angle is of 120° 7
{a) sp (h) sp’ {c) sp fd) none of them
ﬁ The number of unpuired electrons in the geometrical structure of waler maolecale is:
(a) I b 2 fe) 3 fc) 4
ﬁ The geometrical shape af PCl, is:
fa) fetrahedral fhy frigonal
fe) linear + (d) trigonal bi-pyramidal
ﬁ lonic compounds are soluble in:
fa) benzene fh) waler fol chioroform () hexane
'ﬁ A covalent bond in which both the elecirons are donated by one of the utom iy called:
fu) polar covalent b} covalent
fc) co-ordinate covalent (d) double covalent
ﬁ The crystal of covalent compounds are made up of :
fal atoms b jons fe) molecules {d) dipoles
ﬁ Which bond is non-directional in character?
o) covalens fh) fonic fel co-ordinare (e} none of these
ﬁ The double bonds are present between the atoms of the molecule:
feay CO, (b) 11,0 fel NH, fd) CH,
ﬂ The bond formed due to parallel overlap of p-orbitals of twe already bonded atoms is
known as:
{a) pi-bond {b} sigma bond fe) metallic bond  (d) hvdrogen bond
ﬁ: Which af the following molecule passesses hydragen bonding?
fap HF by HI fe) HCI fel) HBr
q Which of the following is a polar molecules?
(ai NH, (b) CCl, fc) C,H, (d) C.H,
E The chemical bond whick is formed by mutual sharing of electrons is called:
fery H-bond fb) ionic bond fc) metallic hond fd) ecovalent bond
ﬁ Which compounds have fast reaction?
fui covalent (b} ionic fc) metallic el coordinate
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Bond formed by complete transference of one or more electrons from one atom to another
is called:

{a) ionic hond (b} covalent hond  [e) coordinate bond (d) metallic bond

An ion with a single positive charge becomes an atom by:

{a) losing an electron (b) eaining an electron

ic) gaining a profon (i) sharing of elecorons

Felency of carbon is:

(a) two thl three fch four fdl zero

Unpaired electrons in the valence shell which involve in bonding are known as:

(al valence electron (b} bonding electron (c) free elecfrons {d) excited electron
Which molecwle has covalent bond?
{a) MgO (b} NaCl
Solid CH, is:

(@) molecular solid (b)) wnic solid (¢} covalent solid  (d) does not exist !
Covaleni compounds are generally soluble in: |
(al won-polar solvent '

fe) HCI (d) CaCO,

(b} polar solvent

fel ronic solvent (d) none

Which of rhe following is least ionic?

fa) AgCl (b)) KCI (¢} Ball, (d} CaCl.
Muathematically dipole moment is defined as:

fal p = exd fh) y = % fet uw=exm fd) u = 2

The dipole moment of water molecules is:

fal 0 debye (b) 1.0 debye fe) .84 debye fd) 2.84 debye
Orbital with one nucleus at its center is called:

(@) atomic orbital  (b) molecular orbital (c) hybrid ovbital  (d) bonding orbital
This molecules has the maximum bond angle:

(a) NH, (k) CO, fe) SO, (d) H,0

The number of bondsin C,H, molecules is:
{a) ome o and two & (b} three o ondone ©
{c) three o and two {d} twe ¢ andiwo T

-

L (0 | 12 @ | 23.¢c) | 34.(c) | 45. () | 56. () | 67. () | 78 (o)
2, fa) 13 fa) 24, fa) 35 fc) 46, f(a) 37, o 6d. fal 9. (a)
3. (b 14, b 25, (al 36, fal 47, (ch 38, (¢l 6y, (a &0 (a)
4, (c 15 fa) 26. () 37 ¢d) 48 (r) 59 fa) 0. fai 81, (a
s @ 6w | 27 | 8@ | wa| 6@ 7w| 82 @
6 B | 176 | 28 @ | 39.¢ | 50 | 61. B | 72 (@ | 83 (@
7. ) | 18 @ | 290 | 20. ) | 5100 | 62 | 73 ) | 84 (a)
8 (a) 19, (b) 30. (c) 41. (b} J2. (b) 63. (d) 74. (a) 85 (b
9. (@ | 20.0¢d | 3. (@ | 42 (@) | 53 (@ | 64 B | 75 () | 86 (0
10, fal 21. ) 2 fal 43. hJ J4. ra) 63, (o) 76. {c)

I1. o) 22. (c) i3 44, (c) 35 (o) 66, (a) 77. (al
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Short / Detailed Answer Questions

) —
m Define chemical bond and give ifs examples, Karachi Board: 2018
Ans. Definition: An attractive force which holds ions, atoms or molecules together is called
chemical bond.
Fxamples:
{0 The attractive [orce which holds Na® and Cl ions together is a chemical bond known as

ionic or efectrovalentbond.

{ii)  The artractive force which holds two hydrogen atoms together is a chemical bond known
as covalentbond. )

(ifi)  The attractive force which holds together NH, and BF, molecules isa chemical bond
known as co-ordinate bond.

fiv)  The atiractive force which holds cations of metals together is a chemical bond, known as
metallic bond.

m Write down the causes of bond formation.

Ams. The noble gases have the most stable electronic configurations. All the atoms of the other
elements tends to attain the stable electronic configuration of their nearest noble gases cither by
gaining losing or sharing electron(s). In orderto do so they have to combine chemically with cach
other.

In 1916 twokinds of chemical bonds were described:

The ionic bond by W. Kossel of Germany and covalent bondby G.N. Lewis of U.5.A, Both
idcas were based on:

Octet Rule: Thetendency ofatoms to attain eight electrons in their valence shell.

Duplet Rule:  The tendency of atoms to attain two clectrons in the valence shell.  All the
clements excepl noble gases have mmcomplete valence shell and tend to complete them by
chemical combination with the otheraloms.

m Define elecirovalent bond. Give examples of ionic compounds,
Kuarachi Board: 2005, 2006, 2014, 2012, 2016

Amns, Ionic Bond: A bond formed by the electrostatic attraction between cations and anions by the
complete transference of one or more clectrons from onc atom to anocther is called an ionic or
clectrovalent bond,

Explanation: During the formation of ionic bond, atoms invelved attain the stable
configuration of nearest noble gases.

This type of bond is formed between the metals of group V1T and the non metals of group VI/ VI
ol the periodic table, This is because the values of 1onization potential of the metals are relatively
low while the values of electrons allinity of the non-metals are relatively high.

Examples: WaCl, MgCl,, ALO,, CaO.

m Describe the formation of sodium chioride in detail.
Karachi [2-pd: 2006, 2000, 2012, 2014, 2016 , 2018

Ans.  Formation of sodivm cliloride (ionic crysiall:
By the complete transference of electron, sodinm combines with chloride to form sodinm
chloride.
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During the transference of electrons Ma and C/ FH["]'E!JDE"jH mf}h‘:' o
atoms attain the stable configuration of Ne and Ar, o
respectively.
Mo —» Nka + ¢
(1s, 2¢°, 2p', 3s') (15°, 28’ 2p") Ne
Ne “Configuration™

Cl+e =— (I
{15°, Zs", 2p, 35", Ip") (15, 25", 2p", 357, 3p")

Ar - “CDI‘] [']gll[’afiﬂi'l“ Sudpon chlonde lattice siruciure
Fig: 4.1

Energy changes taking place during the formution
of ionic bond between Na' and Cl ions,

(i) Sodium loses one electron by absorbing energy equal to its ionization potential.
Ng,., —= Na+¥ AH = + 496 KJ/ Mal s 1)
(i)  Chlorine accepts the electron lost by sodium and releases energy equal to is electron
affinity.
gty — Wy AH = - 348 KJ /Mol ... o (10)

fiii) The greater attractive forces in the crystal lattice greatly reduce the energy of the
system there by making it stable.

Nz +Cl, —* NaCP% %fiH = - 787 KI/Mol  ...... (iii)

During attractions Na and Cl° ions arrange themselves to from a crystal lattice of
sodium chloride (MaCl) in which each Na ion is surrounded s1x C! ions and each
CI" ion is surrounded by six Na ions  (See Fig #. 4.1)

m What is Lattice enerpgy?

Ans. Lattice energy : The encrgy released when one gram mole of a crystal is formed from its gaseous
ions, is called lattice energy. The lattice energy compensates the loss of energy which occurs in
the formation of ions.

M Describe the characteristics of ionic compounds? Karachi Roard: 2006, 2016

Ans.  lonic compounds are made of (+) and (-) ions held by electrostatic forces in a crystal lattice, each
ion is surrounded by the opposite ions in alternate positions in & definite order in all directions.
This explains the common properties ofionic compounds.

(i) Ionic compounds are solid at room lemperature.

fli)  They have high melting and boiling points due to strong attraction between ions.

(iii)  They are generally soluble in water or in polar solvents. The polar molecules detach the
(+}and (-} ions from the crystal lattice, these ions then get surrounded b y water molecules.

fiv)  They are good conductors of electricity inmolten state or in aqueous solution (electrolytes).

vl The ionic bond is non-directional, therefore their compounds do not exhibit isomerism.

fvi)  They are non-volatile compounds.

feii)  The reactions of ionic compounds are very fast.

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 138 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp
CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

Chemical Randing

m Write a short note on covalent bond, Kurachi Board: 2006-2019

Ans. Definition: According 1o Lewis and Kossel a bond formed by the mutual sharing of electrons
between two atoms is called covalent bond.
Explanation: Bonded atoms contribute equal number of electrons. During the formation of a
covalent bond, atoms involved attain the stable configuration of noble gases nearer to them. This
bond is formed between the atoms of non metals. A shared pair of clectrons is represented by a
line. A covalent bond may be single, double or triple covalent bond.

miples: H-H O=0  N=N
m Write down types of covalent hond.
Ans.  Types of covalent bond depend upon different conditions:

1) According 1o number of shared pair of electrons.

(i} Single covalent bond e.g: H - R, | G H-C

{iif  Double covalent bond ec.g: O =0, C=C C=0

(iii}  Triple covalent bond e.g: C=C N = N, C=N
f2) According to ionic character (polarity).

(i) Polar covalent bond e.g: H* cIf, H*-0°

fii)  Non-polar covalent bond eg:  H-—H, Cl—Ci,

f3)  According 1o overlapping of aremic orbitals.
fi) Sigma bond (axial overlapping)
(il Pi bond (parallel overlapping)

m Define and explain formation of covalent bond.

Ans. In 1916, G. N, Lewis suggested that two atoms could achieve stable 2 or 8 electrons in the valence
shell by sharing clectrons between them,
[.et us consider a case of chlorine, where both atoms having seven electrons in its valence shell
unite by sharing two of these fourteen electrons between them, thus acquire stable 8 electrons in

the outershell.
-(I.\ Clr! — or EI : Cl or CI—EI
Unpaired electrons Shared pairof electrons covalentbond

The shared pair is indicated by a dash (-) between two bonded atoms therefore we can say that a

covalent bond is formed due to sharing of electrons and shared pair of electrons constitutes a
covalentbond.

m Describe the cause of covalent bond formuiion.

Ans, Consider two hydrogenatoms H, & H, eachcontain ong proton inthe nucleus and one electron
revolving in their shell. There are six possibilities of attraction and repulsion
()] Proton of H, & eclecwron of H, = attraction
{2)  Electron of H, & clectron of H,= repulsion
f3) Proton of H, & eclectron of H, - atlraction
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3 % i I cmical I'!nnrlin;: ?f*’J H.
(4 Proton of H, & proton of H, = repulsion
{(5)  Proton of H, & electron of H, = attraction

attraction

(6) Proton of H, & electron of H,

As the attraction i1s more than repulsions and atoms come closer and overlap to a certain
distance. There is the net aitractive force between the shared electrons and the nuclei that
holds the atoms together.

m Give the types of covalent bond according to number of shared pair of electrons.

Ans. Types of covalent bond:
fa)  Singlecovalentbond:

Itis a covalent bond which is formed by the sharing of two electrons between two atoms.
Itisrepresented by one dash (-) each atom contributes one electrons.

Example:
X g 2Ci* *Cl¥ 3 H
! 1 Hx<sCesH ——  H-C-H
H-H Cr-CI 1 H

When two chlorine atoms form a single covalent bond, 242 K.J/mole of energy is released
Clg+Cly —+ CI-Eh, AH = -242 Klmol®

The release of energy lowers the energy of the molecule and thus makes it more stable.

(h)  Double Covalent bond: |
It is a covalent bond, which is formed by the sharing of four electrons between two atoms.
It is represented by two short lines. Each atom contributes two clectrons.

Example: _
e KX - XX - bt
s (Jex()x m— HN 0] or o
T £°F 4 T W - L5

fc) Triple covaleni bopd:

It is formed by sharing of six electrons between two atoms. It is represented by three short
lines each atom contributes three electrons.

Example:
L] KX . NN L] M
- LW E R H or -
] 13 N =N

m Describe the properties of covalent compounds,

Ans.  As covalent compounds can exist as a separate covalent molecule. There 1s no electrostatic force
of attraction between the individual molecules. There is only weak Vander waal's forces which
hold the molecules together.

(1)  The covalent compounds are often gases, liquid or relatively soft solids under ordinary
conditions.
(2) They possess low melting and boiling points due to absence ofattractive forces.
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5 w {'t‘-lllii.':i.l !’.-.mrlin.g ?f’j tk:]
(4)  Proton of H, & proton of H, repulsion
5 Proton of H, & electron of H, = attraction

attraction

{6) Proton of H, & elecuwon of H,

As the attraction is more than repulsions and atoms come closer and overlap to a certain
distance. There is the net attractive force between the shared electrons and the nuclei that
holds the atoms together.

m Give the types of covalent bond according to number of shared pair of electrons.

Ans.  Types of covalent bond:
fe) Single covalent bond:
It is a covalent bond which is formed by the sharing of two electrons between two atoms.
Itisrepresented hy one dash (-) each atom contributes one electrons.

Example:
H' !H :{:j}'- x(:::‘r; LI ]I]'
! ! HeeQerH (==  H-C-H
H-H cl—cf T H

When twochlorine atoms form a single covalent bond, 242 KJ/moele of energy is released
cl, +cl, — CI-Cl, AH = -242 KJmol

The release of energy lowers the energy of the molecule and thus makes it more stable.

(hi Dauble Covalent bond:
It is a covalent bond, which is formed by the sharing of four electrons between two atoms.
It is represented by two short lines. Each atom contributes two electrons.

Example: )
L] 1.3 1] HE (1] bt
*QexDx M 100X or =
[T T T b E (1] ko5

fc) Triple covalent bond':

It is formed by sharing of six electrons between two atoms. Itis represented by three short
lines each atom contributes three electrons,

Example:
e LA L™ o - b
-:i-xkuxx e '\]:iN or i) EHN

m Describe the properties of covalent compounds,

Ans.  As covalent compounds can exist as a separate covalent molecule, There 15 no electrostatic force
of attraction between the individual molecules. There is only weak Vander waal’s forces which
hold the molecules together.

(1) The covalent compounds are ofien gases, liquid or relatively soft solids under ordinary
conditions.
(2)  They possess low melting and boiling points dueto absence of altractive forces.
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(3)  They are usually inscluble in water, but mostly soluble in organic solvents like alcohol,
ether and benzene etc. -

(4)  Theare highlyvolatile.

(5)  Theydonot conduct electricity either in molten or in aqueous solution.

(6)  Rateofreaction of covalentcompounds are very slow.

m Define co-ordinate ( dative ) covalent bond and give its explanation.
Karachi Board: 2004, 2005, 20013
Ans. Definition: A covalent bond in which shared pair of electrons is donated by one of the
bonded atom is called co-ordinate covalent bond.
Explanation: The atom which donates a pair of electrons for sharing is called donor,
whereas the atom which accepts the electron pair is called acceptor. Co-ardinate covalent

bond is represented by arrow ( — ) with the direction from donor to accepror. Sidgwick first
developed the use of this type of bond and he called it 2s dative bond.

m Write down the examples of co-ordinate covalent bond,

Karachi Board: 2005, 2007, 2008, 2013

Ans. Examples of co-ordinate covalent bond:
(i) Formationof NH Cl:
When NH, and HC/ are reacted together to form NH,CF.

B H
|

H-N:+HexCl  — {H—?:l—HfCI'
H H

Here in NH, ion nitrogen is bonded to three hydrogen atoms by covalent bond and to
one hydrogen atom by a coordinate bond. while the bond between NH, ionand Cl 1onis
1onic.

(ij)  Formationof Hydronium ion (H,Q)':
It is formed between the oxygen atom of water and proton (H ™} of any acid. In warter
molecule oxygen aiom has two lone pair of electrons therefore it acts as donor alom while
(H™) accept lone pair ofelectron form oxygen atom and form coordinate covalent bond.

H-N:+H — [H-C-HJ
[ 1
H H
(iii)  Formation of coordinate covalent bond between NH, and BF,:
Nitrogen of the NH, molecule has a lone pair while boron in BF, has an empty orbital.

Nitrogen donates the lone pair of electrons to the vacant orbital of beron. In this way a co-
ordinate covalent bond is formed berween nitrogen and boron.

H N Pli H
| } |
B~ L A8—F —% H—N—8—F
| | i i
H f F H H
emply orbital
fivi  Formationof POCI, Karachi Board: 2004

In the formation of POC/, phosphorous possess a lone pair of electrons and therefore
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called donor, while oxygen atom lacks too electrons. The lone pair is shared by both
oxygenand PC/, toform aco-ordinate covalent bond.

Ci i
cI-pi + O v p . B
| U ¢ ? o:
Ci f H
emply orxital

(] Coordinate covalent bond in Nitro methane:
Nitrogen donates the lone pair of electrons into the outer most shell of oxygen atom and
forms a coordinate covalent bond.

H
i, I
m Briefly explain dipole moment and mention its units. Karachi Board: 2005, 2007, 2009 :

Ans. Dipele moment:  The degree of polarity of a molecule is known as the dipole moment.
Definition:  Itis the product of the electric charge (q) and the distance between the positive and
negative center’s(r).

Itisarepresented by p (mew).

p=dxe
Itis a vector quantity.
- H=q=r -
B——©
where u = dipole moment,

d = distance between twonuclet,
e = charge on one pole,
Unit:  Dipole moment were expressed in Debye but now they are expressed in 5.1 Units as
coulombmetre (Cm),
ldebye = 10™ esu x Cm = 3.335 x 10” Cm  (1C = 2.998 * 10’ esu)

m Why has CO, zero dipole moment where as SO, is polar?  Karachi Board: 2007, 2018

Ans. The dipole moment is a vector quantity which has a magnitude as well dircction, Ifa molccule is
poly atomic and contains two or more dipoles, then net dipole moment is the resultant of the
vector addition of the individual dipole moments. Both SO, and CO, contain polar bonds but
the angular structure of SO, results ina dipole moment of 3.336 = 10™ Cm, which for linear
CO,, u=0, (asshowninfig4.3) In CO, the -
double bonds lie on one straight line. and / T\ :Dﬁ- o el ¥ 1

o o

molecule is symmetrical, hencebond in CO, are n=0
polar the two dipole moments of the molecule are
equal oppositely directed thus the molecule as a
whole is non-polar. u=5336 x 10” cm Fig. 4.3
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m Explain the significance of dipole moment.

Ans.  The following are the significance of dipole moment:
(1) Ithelps to calculate the percentage ionic character in a bond.
(2) It helps to determine the polarity of molecule. Molecules with zero dipole
moment are non-polar whereas molecules which have dipole moment greater

than zero are polar.
3) Ithelps to determine the angular and linear structure of tri-atomic molecules.
egr p=0,0=C=0 Linear structure .

u= 180D, Angular structure f‘:'/ [\R\\
() Dipole moment measurement gives an idea about the degree of H
polarity ina diatomic molecule. The greater the dipole moment the
greater is the polarity in suchamolecule.

Explain the ionic character of covalent bond. OR

Discuss polar and non-polar covalent bond . Karachi Board: 2005-2009-2013-2018-2019

Ans.  Typesofcovalent bond according to ionic character:
(i)  Nen-polar Covalent bond:
It is a covalent bond in which shared pair of electrons is equally attracted by the two
bonded atoms. In this bond, distribution of electron cloud is symmetrical. It is formed
between two atoms of the same element or different atoms of no significant difference of
clectronegativity. It does not acquire even partial charges.
Examples:
H= =H — H-H
i@exClt —s  Cl-Cl
He «Cin, =’ H-CI

(it}  lonic character (polar ) covalent bond: 1t 15 a covalent bond in which shared pair of
electrons is not attracted equally by the two bonded atoms. In this bond, distnibution of
electron cloud is unsymmetrical. [tis formed between two atoms of the different elements
having different values of electronegativity. It acquires partial positive { 8+ ) and partial
negative (8-) charges on the ends of the bond.

Examples: H"-CI" (polarcovalentbond)

Hﬁ:_ ]_--l- O—&
P ™
H™* H"

Which of the following compounds have dipole momnt?

NH HO co cci Karachi Board: 2008

Ans. (i) NH, = 146D m = 5.002x% 0" Cm polar
(ii) .O = 184D m = 6.137x 10" Cm polar
fiii) CO, = 0D m= 0 non-polar
fiv) cCl, = oD m= 0 non-polar

{i) and (i1) have dipele moments,
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M Write a short note on bond energy. Karachi Board: 2006, 2008

Ans. Bond Energy: The average amount of energy required to break all the bonds of a particular tvpe
in one mole of the substance 15 called bond energy.
OR
It is the same amount of energy which is released when all the bonds of a particular type are
tormed in one mole of the substance,
Unir: Kilo joules permole or KJ ./ mol

Example: H-H, — $H,, AH = 435 KJmo!”
Hydrogen molecule atoms of hydrogen
0,40, —+ 0=0o0r0,, AH = -498 KJmol"
Why the bond energy of polar molecule is greater than the non-polar? OR

Why the calculated bond energy of a polar molecule (H "-CI~)
is less than the bond energy found experimentally?

Ans. Theexperimentally found bond energy of H-Cl per mole is greater than the calculated one this
. means that H-Cl bond is strong than expected. This is because the bonded electron pair is not
equally sharedby H and Cl atom. The Clatom being more electronegative attracts the electron
pair more towards itself and makes the bond polar, which causes to increases the attraction
between the bonded atoms ard hence the bond energy increases than a non-polar molecule.

M Describe the bond energies of single, double and triple bonds.

Anx.  The value of bond energy also depends upon the bond distance. Shorter the bond distance,
stronger the bond and greater would be the bond energy. For example triple bonds are usually
shorter than the double bonds which in tum are shorter than the single bond. Hence the bond
energies for multiple bonds would generally be greater than those of single bonds.

S. No. Bonds Bond Distance A Bond Energy (K.J /mal)
1. € =C 1.54 A f 347
2 C=-C 134 A 598
3 C_E c | ,] 20 15; e 820 : ]
m Describe sigma ( 6 ) bond with examples. Karachi Board: 2008, 2013

Ans. Sigma (8 ) bond:  According to molecular orbital theory proposed by Hund, Huckle and
Mulliken, a covalent bond 1s formed due to overlapping of atomic orbitals. The orbitals may give
rise to two molecular orbitals.

(i} A molecular orbital which is of lower energy is more stable than the parent atomic
orbitals is called “bonding molecular orbital.”
{ii) A molecular orbital which has higher energy is less stable than the parent atomic

orbitals is called an anti bonding molccular arbital. The bonding molccular orbital
which is formed due to linear overlapping of two atomic orbital and has maximum
electron density around the bond axis is called sigma ( 8 ) molecular orbital. This
is also called sigma bond.
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Examples:  s-s(rhital Overlapping:

—_— -— .
x e Bonding
— (@ — )
Orhital
He= {15y H=[(ls} 5 - 3 overlap H-H

In the above example the probability of finding the clectronic ¢loud of two electrons is greater
between the two nuclei, due to which the force of attraction on each electronic cloud is doubled.
This releases energy and system becomes of lower energy hence stabilized. So H, molecule is
formed. It is called sigma bond.

The other molscular orbital having higher energy with a nodal plane or of low electron density
between the two nuclei is less stable than either of the parent atomic orbitals is known as anti
bonding molecularorbital {(5* ) is shown by the energy diagram in (fig.4.5)

Anti bonding molecular orbital
sigrna star (5*)
= ; | |
5 :
% Atomie b‘-__ _,-" 1s
£ orbital . . Atomic orbital
Fig: 4.5 Molecular bonding orbital Sigma §

Show diagrammatically the formation of sigma (3 ) and sigma star (6% ) by
s-p and p-p overlap?

Ans. (i) s-p typeoverlap: Thisoverlapoccursin HF molecule when Is' orbital of hydrogen
overlaps 2p orbital of fluorine to form sigma bonding orbital which forms a single
covalent bond in HF molecule. (Fig. 4.6)

—i—l-—-—rH-l"
|5

1 Ip Sigma bonding molecular
7 T arbital of HF
(H) (F) k. _ .
(£ +||+ =

Fig: 4.6 Sigma anti bonding molecular orbital &%

(i)  ppiypegverlap: Thisoverlapisseenin F, molecule where 2p, orbital of one fluorine
overlaps 2p, orbital of the other fluorine to from F-F sigmabond (Fig: 4.7).

— oD — — e
Sigma bonding molecular
! - orbital of F (3)
Sigma anti bonding maleenlar
Fig: 4.7 orbital of (6%}

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 145 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp
CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

Chemical Bonding

m Describe pi ( ) bond with example.

Ans. Pi(x) bond: Thebond formed by side-wise ( parallel Y overlapping of p orbitals of two already
sigma bonded atoms 1s called pi () bond.
When p-crbitals are parallel to each other, they give rise to bonding pi{x) and anti bonding
pi-star {m*) molecularorbital.
In bonding = molecular orbital the electronic cloud remain above and below the electronic cloud
sigmabond bulin x* molecular orbital there is force of repulsjon due to which 7 bond does not

form (asshowninfig. 4.8).
Y

-Jt.'

P, P, anti bonding

or P ar P
T ?T Naodal plane

e \.C\u_ L

e /_— " ,z"_ C \ .

5 5 Fig 4.5
m What is orbital hybridization? . Karachi Board: 2005-2008-2013-2015-2017-2019

Ams. Hybridization:  The orbital of different shape and cnergy arc mixed together to form a set of
orhitals of same shape and energy which are called hyhrid orbitals and the phenomenon 1s called
hybridization.

Tvpe of Hybridization: There are different types ofhybridization which depend on the number
and nature of the orbitals, e.g. sp?, sp*, sp, d eic.

m Define sp® hybridization. Explain it with CH,, NH, and H,0 molecules.

Ans Karachi Bogrd: 2005, 2008, 2610, 2013, 2015

sp’ Hybridization: Onesand three p orbitals of different shape and energics mix together to
form a set of four hybrid orbitals of the same shape and energy are called sp* orbitals and the
phenomenoniscalled sp* Hybridization.

Examples: () Methane, CH,:  Inamolecule of methane C-atom is sp* hvbridized.
Electronic configuration of valence shellol C-6 is:

25 2p, 2p, 2p,
(o] [af1] |

25 2p, 2p, 2p,

] [0
In methane moleeule one 2s and three 2p orbitals of C-atom mix together to from four sp’ '
hybrid orbitals which have tetrahedral geometry (as shown in fig. 4.9). Each sp* orbital
overlaps linearly with Ls orbital of hydrogen atom to form one C-H sigma bond so four C-H
bonds are formed. Since the geometry of four sp* orbitals is tetrahedral, therefore molecule of
methang would be tetrahedral. The sp* hybrid orbitals are oriented in such a way that angle
betweenany two orbitalsis 109.5%,

Ground State:

Excited State:

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 146 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp

CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

Chemical Bynding

high density associated with shared
pairs of electrons (arbital overlap)

high density associated with Orbital overlaps in methane between
shared pairs of electrons hydrogen 15- erbital (spherical) and
{orhital overlap) Fig. 4.9 carbon sp’ orbitals

fii)  Ammonia NH,: (shapeinterms of hybridorbital theory)
In the molecule of ammonia N-atom is sp* hybridized. Electronic configuration of
valence shellof nitrogen is:

2s 2p, 2p, 2p,
L] RdThis]

Mon-tonding
orbita] ——»

N +3(ls) —» N —»
/1N
H H H
sp’ Orbitals of Nitrogen Fig. 4.10

In the molecule of ammonia one 2s and three 2p orbitals of N-atom mix together to
form four sp’ hybrid orbitals, which have tetrahedral geometry. Out of the four sp?
arbitals, one is completely filled, where as three are partially filled. Each of the these
partially filled sp® orbitals overlap linearly with 1s orbital of hydrogen atom to form three
N-H sigma bonds. Fourth sp* hybrid orhital, which have a lone pair of electrons, docs not
form bond since the geometry of four sp* orbitals is tetrahedral, therefore shape of NH,
molecule would be tetrahedral. (Fig 4.10)
Experimentally the value of angle determined is 107°. The decrease in angle is dueto the
reason that lone pair - bond pair repulsion is greater than the bond paid - bond pair
repulsion. Hence the bond angle is decreased to 107° form 109.5°,

i) Warer, H.O:
Inthemoleculeof H,0, O atomis sp’ hybridized.
Electronic configuration of valenceshellof O is given below:

2s 2p, 2p, 2p

[%] [E[A]A
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Inthe molecule of water one 2s and three 2p orbitals of O-atom mix together to form four sp’
hybrid orbitals which have tetrahedral geometry. As per Lewis structure the central oxygen atom
13 surrounded by the four electron pairs.

According to the electron pair repulsion model the tetrahedral
arrangement would give maximum separation and minimum
repulsion. Howeverthe bond angle is 104.5° (Fig.4.11}. The
deviation in the angle is due to the presence of two lone pairs
and two bond pairs. The repulsion of the lone pairand the bond
pairs reduces the angle form 109° 1o 104.5°,

According to hybrid orbital model, oxygen utilizes two of its
sp’ hybrid orbitals to form sigma bonds with the two hydrogen
atoms. The non-bonding orbitals occupy the large volume of
space, hence they compress the bonding orbitals and reduce the
angle H-O-H in water to 104.5° giving angular or bent

structure. (Fig.4.12)

(}-Q - 2(ls) — 104.5°
© R

Four sp’ orbitals of oxygen

m Define sp? - hybridization _ Karachi Board: 2009, 2016, 2011, 2013

Ans.

sp? Hybridizarion:  Omne s and two p orbitals of different shapes and energies mix together to
form a set of three hybrid orbitals of the same shape and energy which are called sp® orbitals and
the phenomenon is called sp* hybridization.

Threesp® orbitals arc planer and oricnted atangles of 120°. One p orbital remains un-hybridized.

m Explain sp® hybridization in the BF, and C,H, molecules.

Ans.

Karachi Board: 2005, 2007, 2009, 2010, 2011, 2017

Hybridization in BF, molzcule:
Inthe molecule of borontrifluoride, ‘B* atom issp* hybridized.
Electronic configuration of valence shell of B (5)is given below:

25 2p, 2p, 2p,
] [l 1 ]
25 2p, 2p, 2p,

Excited State: m [_1 I : .I-qﬁ]

Ground State:
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2p, 2p, 120°
Fig. 4.13 sp” hybridization

In the molecule of boron fluoride, our 2s and two sp orbitals of B-atom mix together to form
three sp’ hybrid orbitals which are planer and oriented at angles of 120°.

Each sp® orbital overlaps lincarly with partially filled p orbital of fluorine atom to form one B-F
sigma bond. So three B-F bonds are formed. The molecule of boron fluoride 1s trigonal planer
andangle F-B-F is 120°

sp® Hybridization in cthene (C,H,) molecule: Karachi Board: 2019
Electronic configuration of valence shell of C(6)

25 2p, 2p, 2p,

(n) [ |

-

25 2p, 2p, 2p,

[1] [111]%]

In the molecule of cthene, there are two carbon atoms. One 2s and two 2p orbitals of each
C-atomn mix together to form three sp® hybrid orbitals which are plancr and arc oriented at
anglesof 120° (SeeFig: 4.14)

Ground State:

Excited State:

Bonding

Bonding e

H . L H

Vi

— 1207,
H

c@c
N

bending

overlap Fige4.14

Two 2p® orbitals of each C-atom overlap linearly with 1s orbital of hydrogen atom to
formtwe C-H sigmabond, so four C-H sigma bonds are formed. The remaining one sp*
orbital of cach C-atom overlaps with cach other of to form one C-C sigma bond. The un-
hybridized p, orbitals of boththe C-atoms overlap sideways to form C=C p1 bond since
three sp? orhitalsare planerandare oriented atanglesof 1207,

Otherexamplesare CH,, =C=0, =>=C=N- allcontainone sigmaand other pi bond
makingadouble bond.

m Define sp’- hybridization. Explain it with example.

Ans.  sp{diagonal ) Hybridization:
When one s and one p orbitals of different shapes and energies mix together to form a set of two
hybrid orbitals of the same shape and cnergy are called sp orbitals and the phenomenon is called
sp hybridization,
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Twa sp orbitals are linear i.e., they are oricnted at 180%, remaining two “p’ orbitals (p, & p,)
are un-hybridized, (Fig. 4.14)

S oo

s-orbutal hybrd orbital
Fig.4.14 =L L

Example:  Ethyne (C,H,)
Electronic configuration of valenceshellof C (6) isgivenbelow:
s 2p, 2p, 2p,
K N
25 2p, 2p, 2p,
LE] [ lalag
Inthe molecule of Ethyne, there are two carbon atoms. One 2s and one 2p, orbitals of each

C-atom mix together to form two sp hybrid orbitals, which arc lincar and arc oriented at
angles of 180° (Fig.4.15) -

Ground State;

Exciled State:

P,

PR )
"ﬂlﬁb’w
@’*’@ Jé a

Fig. 4,13 Maoleculs

==

11

5

One sp orbital of each C-atom overlaps linearly with 1s orbital of hydrogen atom to form one
C-H sigma bond. So two C-H sigma bonds are formed. The remaining one sp orbital of each C
atom overlaps with cach other to form onc C-C sigma bond. The remaining unhybridized p
orbitals (p, & p,) of both the C-atoms overlap sideways to form two C-C pi bond. Since two sp
orbitals are linear and are oriented at angles of 18017,

m Name the shapes of simple molecules

Ans.  Asimple molecule may acquire one of the following shapes:
Linear, trigonal, planer, tetrahedral, pyramidal, bent or angular. These shapes are predicted from
the bond angles determined experimentally and are explained in tems of two theories:
(i) Electron pairrepulsion theory (VSEPR)
(1)  Hybridorbital theory.
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m Discuss the electron pair repulsion theory. Karachi Board: 2009, 2011, 2012, 2013, 2018

Ans. This theory was given by Sigwick and Powell in 1940, There may be two types of
electron pair surrounding the central atom.

(1) faj Lone pajr: These are the paired electron which

havenot taken part in sharing.
fb) Bond pairs: These are the result of the sharing of
: = g 5 H =@ » ¥ H
unpaired electrons of central atom with unpaired *\\
electrons of surrounding atom.

(2} Being similarly chargedi.e. negative, the bond pairs as well
as the lone pairsrepel each other.

(3) An bending pair of electrons ( lone pair } in the valence shell of central atom oceupies
more space than binding electron pair.

(4}  The repulsion between the bonding electron pair decreases with increasing
electronegativity of atoms forming bonds with the central atom.

(5) Two electron pairs of a double bond or three electrons pair of a triple bond take up more
space than the clectrons pair of a single bond. However, multiple bond behave as single
electron pair bond for the purposeof VSEPR.

f6)  The force of repulsion between lone pairs and bond pairs is not the same. The order of
repulsion is as follows:

Lone pair - lone pair repulsion > lone pair - bond pair repulsion > bond pair - bond pair
repulsion. ;

(7) The shape of molecule depends upon total numhber of electron pairs (bonding and
lone pairs).

m Discuss the rules for predicting shape of molecule,

Ans.  As per Lewis Steuctuse, if the distribution of electron pairs aboui the central atom is known then
the shape of the molecule canbe predicted. Following are the examples:

] [fthere are two pairs. the shape of the molecule is linear, angle 180°,

e Lone pair

L Bond pair

O O=mmmmnmv -X e.g. BeClt,, C,H,, CO,, C§,
fii) [fthere are three pairs the shapes of the molecule will be triangular,

angle = 1207, e.g. BF,, C,H,, 80,, CO,°
(iii} LI there are the four pairs the shape of the molecule will be tetrahedral,

angle = 109, e.g. CH,, NH,, H,0, CCl,, CBr, X .
fiv)  Ifthere are five pairs of electron the shape of the molecule will be

trigonal {bi-pyramidat). x

Predict the shape of the following molecules on the basis of electron pair
repulsion model:
a) NH, (b) BeCl, (c) H,O0 (d) C,H, (e BF, (f) CHCI,

Karachi Board: 2009-2010-2011-2012-2013-2016-2018-2019

Ans, (a) NH, {b) BeClL
-|-|\) ]DTQ ‘IS[]I!:
1 L1 I,—“'-d- -\\‘\ -
N 07 - Be - CI3
1 gl | “H . -
H Linear
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{c) HO  Tetrahedral {dy C,H, Trigonal
i H H
| ™ 104.5° x X
AN HxeC2tCe ol
HY |
H
(d) BF, (d) CHCI,
am W
=k 0
- t1 1] l:: g
sFrxBxeFa HeeCoxCf3
e - ; XX
Trigonal Bond angle 120° <Clx Tetpiltin]

m Discuss the hybrid orbital theory,

Ans. Itis hybridization which determines the shape ofamolecule,
{1) sp-hybridization in the central atom gives linear molecule with an angle of’ 180",
{2 sp’-hybridization in the central atom gives planer triponal structure with an angle of 120°.

(3)  sp-hybridization with no lone pair or non-bonding orbital on the central atom gives
tetrahedral geometry with bond angles of 190,287,

4) sp-hybridization with one lone pair (one non-bonding orbital) gives pyramidal structure
with an anglesof 107% )

(5) sp -hybridization with two lone pair ( non-bonding orbital ) on central atom gives bent or
angular structure with bond angleof 104.5°

Predict the shape of the following molecnles on the basis of hybrid orbital model?
fa) C,H, b) C,H, (c) CH, (d) BeCl, Karachi Board: 2005, 2007, 2009, 2011, 2013

Ans. (a) C.H, forAnswersee (.29 onpage 152
) C,H, for Answersee (.30 onpage 153
fc) CH, forAnswersee ). 27 on page 150.

| &0~
BeCl, linear structure > (e ) e )
fel) eCl, linear struclure Q‘gﬂ'f
ﬁ Describe hydrogen bond (secondary bond) Karachi Board: 2016

Ans. Hydrogen Bond: The attractive force which combines the electropositive hydrogen atom ( H™)
of ane molecule with the electronegative atom { N?, 07, F*) of the other molecule. This type of
attractive force which invalves hydrogen is known as Hydrogen bond. It is represented by dotted
line. This is also called “protonic bridge™
g, 00 e H®—F?*e-H'—F?-eee H*—F -

Hydrogen Bond

What are the most important secondary bond present in H,0 and HF molecules?
How do they effect the physical properties of the compound? Karachi Board: 2016

Ans.  The most important secondary bonds presentin H.O and HF are the “Hydrogen bonds.”
The association of HF and H.O through hydrogen bonds are given as under:

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 152 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp

CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

fur) i) Hydrogen bondsin H () molecules:

H* H™ " H* |
| I | |
----- o* —H*—0* — " — 0o —H* —-0F — "
H* H* B H*
I I I I
----- O — 1" - 0 —* - O — H" - " — ¥
’ I | I

(i) Hydrogen Bonds in HF maolecules:

JF% FS F\
anﬂ r \ ) r;_ \ | If_,r \ -

b Effect of hiydrogen bonding on physical properties of compounds,
It greatly effect the physical properties of molecules e.g. the hydrides of group V-A, VI-A
and VII-A ofthe periodic table (NH, H,O and HF) have higher melting and boiling
points than the other hydrides of thesegroups (e.g., PH,, H.5, HCl etc.).

(XX =wiain the chemical bonding in NH,CI. Karachi Board: 2007

Ans.  In NILC! molecule, ionic bond is formed between NH." and C!" ions, three covalent bonds
are formed berween N and H atems and one coordinate bond is formed berween N and one

H atom,
. Do as directed in the following:
(i) Covalent bonds in ethyne (C,H, ). [Draw the Lewis structure]
(i)  Co-ordinate covalent bond in ammonium ion. [Draw the Lewis only]

(iii)  Association of water molecules through hydrogen bond.
[Draw the diagram only|
(iv) Metallic bonds in the atomic crystals af metals.  [Draw the diagram only/

Karachi Board: 2007

Ans,
@  H:CiCiH B af—R
o h
(i) H H
HxN3 +H' H&N: H
H H
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{iii,
) Oﬁ' — H" reeen

(0 H"

" Q50,000
o,g ) % og
a |l
000000 |a
‘b‘fo 000 0

Electrons Metal atoms Sea of delocalised electrons
m Draw cross and dot structures of C,H, and CHCI,. Karachi Board: 2009
Ans. .

KEY

eof H o
eof Cf =
el C X

A L
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Draw the electronic structures of : o e
(i) Phosphorus oxychioride (ii)  Nitromethane 4 g
Ans.
i) Phosphorus oxychloride (it}
10 0 H 20z
i BB I | ] &
iCITPICI! —me CI—P—C H—C—N= Q Nitromethane
L1 - :l ’ e | J
RLEE cr i

Explain the shapes of the following molecules on the basis of electron pair repulsion
model and h_}’brﬁ orbital model, ﬁj H;ﬂ -rﬂ) B-I?Cf_. Karachi Board: 2016

Ans. (i) All the diatomic molecules suchas HF, HC/ etc. are linear regardless of the number of
active electron pairs surrounding the central alom. 1t 1s because, there are only two atoms
in a diatomic molecule. Molecules containing is because, there are only two atoms in a
diatomic molecule. Molecules containing more than two atoms can also have the linear
shapes, for example. Beryllium Chloride (BeCl, ) is a triatomic linear molecule with the

bond angle 1807,
O-®-Q

L'he Lewis strueture of BeC/, 1s represented as:
2Ci2 ¥ Be % C/

Here there are two active sets of electrons surrcunding the Beryllium atoms. In terms of
electron repulsion model, these pairs must be arranged as far apart as possible, that is, the
two thlorine atoms should be placed on the oppesite side of beryllivim which would give
the linear structure of Be('/, .

In terms of hybrid model, beryllium uses its sp hybrid orbitals in bond making (i.e.
berylliumis sp hybridized).

Be = 1s', 2¢", Excited 1s°, 25, 2p,' Hybridization Two sp' orbitals.

Both the sp' orbitals are arranged lincarly at an angle of 180°, These orbitals overlap
with 3p, orbitals of the two chlorine atoms to form two sigma bonds, all the three atoms
being instraight line (Fig. 4.16)

O30 — eofero

Fig: 4.16
The formation of two o-bonds in BeCd, by overlap of 3p, orbitals from rwo chionne atom with two hybiid
sp orbitals from a beryllium atom.
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Shape of H,0: Asper Lewis Structure, the central atom oxygen 1s surrounded by the four
active scts of clectrons and according tot he electron pair repulsion model, the tetrahedral
arrangement would give maximum separation and minimum repulsion. However, the bond
angle (H~—0O>H) is 104.5° (Fig:4.21). Thedeviation inthe angle is due to the presence
of two lone pairs as explained in case of NH,. The repulsion of the lone pairs and the bonded
pairs reduces the angle from 109° to 104.5°,

Fig. 4.21
Shape of ILO

In terms of hybrid orbital model, oxygen utilizes two ofits sp’ orbitals to form sigma bonds
with the two hydrogen atoms, leaving two non-bonding orbitals on the oxygen.

; +2(1g)
C>,O two Hydrogen atoms / 0\\
@ i 6 il
Fig. 4,32
Four '.:FI‘ urbitals of exygen Shape of H,O

As explained above. the non-bonding orbitals cceupy the large volume of space, hence they
compress the bonding orbitals and reduce the angle H—0 —H in water to 104.5° giving
angular or bent structure (Fig: 4.22)

Draw and explain the geomerrical shapes of molecules with the following
nunther of electrons pair:

(i) twe bond pairs

(ii}  three bond pairs and one lone pair

fiii}  tweo bond pairs and two lone pairs Karochi Board: 2016
Ans, No of Electron | Arrangement "
’ : ) No of No of | Molecular ;
(i) pairs (Lewis uf Flectron ' = , Examples
il Pairs Bond Pairs| Lone Pairs| Geometry
X3
2 2 0 Lincar | BeCl, CO, N,
Linear
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)
Wi " = I'mgonal ——
4 e 3 . Pyramid |0 NH, . XeO,
Tetrahedral .
|
4 i 2 | 2 Angular |H.O, NH,, ClO.

The boiling point of water is grater than that of HF even through fluorine hus
greater electronegativity than oxygen. Karachi Board: 2011-2013-2019

Ans.  This is because the oxygen atom has two non-bonded pairs {lone pairs) of electrons and there are
two polar hydrogen atoms ( H™ ) present, This enable three- dimensional bonding in H,O
molecules.

Where as in HF there is only one polar hydrogen atom ( H™ ) and it forms chains of limitad length
and hence less hydrogen bonds than in water molecules. Therefore, water molecules have a
higher boiling point than HF,

m HF form stronger bond than HT . ; Karachi Bowrd: 2012

Ans. Strength of bonding depends on polarity. Fluorine 1s more electronegative and smaller in size
thaniodine hence, the bond in HF is stronger than HI

m The reaction between ionic compounds are fas!, Karachi Roard: 2000

Ans.  Generally the chemical reactions between ionic compounds are extremely fast and occur in
fraction of second. This is because their reaction involve the mulual interactions of ions which
combine very fast to from new compounds.

m C0, is non-polar in spite of having two polar bonds. Kurachi Board: 2009

Ans. In CO, the double bonds lie on straight line and the moleeule is syrmmetrical, It has no dipole
moment. Thisis because CO, is linear and the bond mument of each C—0O bond is opposite and
equal which cancels out each other. The netdipcle momentis zero 1e, p = 00,

m 5 -8 sigma bond is relatively weaker than p - p bond,

Ans.  Therelative strength of asigmabond is related to the extent of overlap of the atomic orbitals. Due
to spherical charge distribution of s-orbital. generally s-s overlappingis notas efiective ass-p and
p-p overlapping; on the other hand in the case of p-orbitals there is a longer directional charge
distribution which causes its overlapping more eifective.

o L
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m Covalent bond may be non polar but coordinate covalent bond is always polar.

Ans. In case of identical atoms the shared electrons are equally attached due to identical
electronegativities and the electron density is distributed equally over the two atoms in a
malecule and the covalent bond is non-polar.

In coordinate covalent bond the atom which accepted electron pair being shared acquires partial
negative charge and creates partial positive charge on donor atom. This makes the coordinate
covalent bond polar.

m Bond energy of C=C is less than that of C=C bond.

Ans. The value of bond energy depends upon the bond distance. Shorter the bond distance, the
stronger the bond and greater would be bond energy. Therefore, the bond energy of multiple
honds would generally be greater than those of single bonds, because greater the number the
bonds formed in between two combining atoms shorter will be the distance, Due to this reason,

bond energy of C=Cisless then C=C bonds.

m Why the bond angle of H,0 is smaller than NH, ?

Ans. In NH, the central nitrogen atom posscsses only one lone pair eleetron butin H,O  the oxygen
atom possesses two lone pairs of electrons. According to electron pair repulsion theory the
repulsion of two lonc pairs is greater than bond pair. This is why the bond angle in water ( 104.5%)
islessthan NH, [ 107°).

m €O, and CS, both have zero dipole moment, Karachi Board: 2018

Ans. The dipole momentof a tri-atomic linear molecule is zcro. This is because bond moment of the
two polar bond is equal and opposite which cancels the effect of each other out. Both CO, and
CS. due to above reason show zero dipole moments.

+ -+
0=C=0 §=C=8 |

m Why pi () bond is weaker than sigma (8 ) bond?

Ans. Sigma bond is formed by the head on overlap of two partially filled atomic orbital. Since
parallel overlap (p, & p,) is less effective than head on overlap, the sigma bonds are stronger
than pibonds.

m The boiling point of water is higher than H,S ?

Ans, See Q) 38 (h) onpage 157.
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0, N and C atoms are sp’ hybridized in H,Q, NH, and CH, but bond
angles are not equal.

Ans. O, N and C atoms are sp* hybridizedin H.O, NH, and CH, butbond angles are not
equal. This is because CH, NWNH, and H.OQ have one and two lone pair electrons
respectively. Orbitals oecupying lone pair ofelectron repels the orbitals and change the bond
anglesof CH, NH, and water.

m Polar covalent bond is stronger than non-polar covalent bond. Karachi Board: 2007

Ans.  Polar bond will be stronger between the two. There will be high electronegativity difference
between the atoms with polar bonds and vice versa for non-polar bond. Polar bond can have
dipole-dipole forces, Hydrogen bonds are also metallic bond whereas non-polar bond has
London dispersion forces which is weak forces if you compare with the rest. Therefore, Polar
bonds will be harder to break.

m Graphite Is very soft whereas diamond is very hard.

Ams. In graphite, each carbon atom is attached with three other carbon atoms in such a way that cach

atom contributed itself in the formation of hexagonal nng. These nings are respunsible for the
formation of layers one over the other and the distance between cach layer is that of 3.35°A.
There are very weak forces that exist in between the layers. Therefore each layer can slip or slide
over the ather. Hence, graphite appears to be slippery on touching.
In case of diamond, each carbon atom is attached with four carbon 2toms by means of covalent
bond, This resulted in tetragonal shape of the unit crystal of diamond. The distance between
carbon-carbon atomsis 1.54°A. By acquiring such shape the diamond shows the hardest texture.
Further all the carbon atoms keep their position fiemly fixed so that it is impossible for these
atoms to slide or slip from theirpositions, which is the main reasons for its hardest texture.

Phosphorous combines with chloride to form PCI, bur it does not form PI,
with iodine.

Ans. The electron affinity of chlorine is -348 KJ mole while that of iodine 15 -297 KJ mole.
Similarly, the electronegativity of chlorine is 3.0 while that of' todine is 2.5, Inother words, the
electrons afflinity as well as electronegativity of chlorine is quite higher as compared with iodine.
For that reason, phosphorus combines with chlorine to torm PCl, compound. Instead of this the
atom of iodine has bigger ionic radius and lesser value of electronegativity and electron affinity
(comparatively) itisimpossible foriodine to form Pl compound.

No liguid ionic compounds are known but many of the known covalent compounds
are liguids and some are gases. Account for these differences. Karachi Board: 2011

Ans.  In lonic compounds, there is strong electrostatic force of attraction between the positive
cation and negative anion. A lot of energy is required to hreak this force hence it has a very
highmelting point/boiling point, thisleads tomostofionic compounds being solid,
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In covalent compounds, weak Van der Waals forces exist between discrete molecules (due to
dipole attraction). These weak forces require little energy to break hence it has very low
melting point/boiling point, this leads to most of the covalent compounds being volatile and
hence more of liquid and gases form.

ﬂ s=5 sigma bond is weaker than s-p sigma hond. Karachi Board: 2014

Ans.  s-ssigma bond is weaker than s-p sipma bond due to spherical charge distribution in s-orbital. s-s
sigma bond the extend of overlapping between two s’ orbitals is minimum becausc both orbitals
are rounded in shape. On the other hand, directional charge distribution and longer lobes make
more effective overlapping between ‘s” and “p’ orbitals.

m Li" ion is more hydrated than Cs ion. Karachi Board: 2015

Ans.  Due o smaller ionic size of Liion, il possesses greater charge density than Cs” ion. Hence Li”
ion attract more number of water molecules as compared to Cs” ion. Therefore, Li'ion is more
hydrated than Cs” ion '

m Compounds having hydrogen bond generally have high boiling poinis.

Ans. Karachi Board: 2017

Hydrogen bonds play very important role in physical properties of the compounds. Forexample,
water possesses hydrogen bonds and H.S does not. This is because the boiling point of water is
greater than hydrogen sulphide,

m The shorter the bond length, the stronger will be the bond.

) Karachi Board: 2007
Ans.

Value of bond energy depends upon bond distance, the shorter the bond distance the stronger, the
bond and greater would be the bond energy. Since multiple bonds are shorter than single bonds
this 1s because molecules with multiple bunds have greater bond energy.
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Duffferences

What is the difference between the following:
(i) Sigma and Pi Bonds (iiy  Polar and Non-polar covalent bond
Ans, Karachi Board: 2008-2013-2015-2017-2019
S. No. Sigma Bonds Pi Bonds
1. | Itis astrong type of bond Itis weak type of bond.
L. | Itis formed by the averlapping of orbitals It is formed by the lateral overlap of the
along the inter-nuclear axis, orbitals,
3. | Itinvolves the overlap of s-s, s-p and p-p It involves the overlap of p-p orbitals. !
orbitals.
4. Around s sigma bond free rotation is Free rotation about pi bond is not possible.
| possible.
5. | Only a sigma bond exists between two | One or two pi bonds can be formed
atorm. between two sigma bonded atoms.
6. | Itisrepresented by & . | Itis represented by =« .
Rarachi Board: 20035, 2008, 2016
S. No. polar Covalent Bonds Non-polar Covalent Bonds
1. | Inthis bond, shared pair of electrons is not | In this bond, shared pair of electrons is
' attracted equally by the two bonded atoms. | attracted equally by the two bonded atoms,
: ; ™
1. | Bonded atoms have different clectronegati- | Bonded atoms have same electronegati-
| vities. vities. '
. _ — e ]
3. | Distribution of electron cloud is asymmet- | Distribution of electron cloud is symmet-
rical. rical.
4. Itis formed between the atoms of different It is formed between the two atoms of same
elements, element.
| 5. [ Itacquires partial positive and partial It dose not acquire even partial charges.

negative charges.

6. | Bond energy of HC/ is = 431 KJ/ mol Bomd energy of C-Cf= 243 KJ/ mol
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Differential hetween the following :
(i) Valence band theory and Moelecular orbital theory
{it)  Atomic and molecular orbital

Ans. Karachi Board: 2005, 2014, 2017
S.No. Valence Band Theory Molecular Orbital Theory
1. | Overlapped atomic orbitals retain their Overlapped atomic orbitals lose their
| identity. - identity.
2. | In VBT, only half-filled orbital are partici- | Both half-filled as well completely filled
pated. orbitals are participated.
3. | Nomolecular orbital is formed, Molecular orbital is formed.
Karachi Board: 2004, 2015
S. No. Atomic orbital Molecular Orbital
1. | Orbital thal surrounds only one nucleus. Orbital that surrounds two or more nuclel.
2. | Atomic orbital mav be pure or hybridized. Molecular orbital may be bonding or anu
bonding.
3. | Atomic orbital is less stable than bonding Bonding molecular orbital is more stable
molecular orbital. than atomic orbital.
4. | Atomic arhital is morc stable than anti- Anti bonding molecular orbital is less stable
honding molecular arbital. than atomic orbital,
5. | Examples: s, p. d. £, sp’. sp* and sp. | Examples: &, &% =, n* orbital.
Differential between the following: I
(i) Tonic bond and Covalent bond (i) Co-ordinate covalent and Covalent bonds
Aps, Karachi Board: 2004
S. No. Ionic Bond Covalent Bond
I It is furmed by complete transference of It is formed by the mutual sharing of
elecirons from one atom 1o another atoms electrons between two atoms.
2. | This bond is usually formed between the This bond is usually formed between the
metals and non-metals. non-metals only.
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Bonded atoms in ionic bond have very larpe

3 Bonded atoms in covalent bond have no or
difference of electro-negativity and very small difference of electro-negativity |
ionization energy. and ionization energy. f

|

4. | Itis formed when difference of electro- It is formed when dilference of electron-

negativity of combining atoms is 1.7 or more.

5. | This bond is very strong. This bond is comparatively less strong. |

Karachi Board: 2004, 2013

§5. No. Co-ordinate Covalent Bond Covalernt Bond

1. | Inthis bond, the shared electron pair is This bond is formed by mutual sharing of
donated by one atom only. clectrons.

b S |

2. | Lewis acids and bases always form this

Lewis acids and bases do not form this

bond. bond.
3. | Itis represented by an arrow (— ) [rom It is represented by short line (-) between
donar to ac ceptor atom, two honded atoms.
4. | Exam piv:'. . _EII I-Il Example: !
| I[—rﬁ:H*—>—z~:{—>H H-H H I
| ~H H

e

Solution of Textbook Progress Text - 4

) —

Describe the main type of bonds. What physical properties are associated with
the molecules containing these bonds ?

See Q 3 onpage 141, Q 7 onpage 143 and Q 13 onpages 145,
The physical properties associated with these bonds are:
(i) type (i1} nature (iii) direction (iv) melting & boiling points

Ans.

(v) solubility ete.

What is poler covalent bonds? Do all polar molecules contain polar covalent bonds?
Do polar covalent bonds necessarily have polavity on a polar molecule as a whole?
Support your answer with more specific examples.

Ans. See () 18 onpage 147 forpolarcovalent hond.
. All polarmolecules do not contain polarbondsc.g. CO,
. The bonds may be polar in the compound but they do not necessarily leave polarity on a
polar moleculeas a whole. '
Example: In CCl, the C-Cl bond is polar and having a dipole of 2.05D but due to the !
symmetrical distribution of four C-Cl bonds the canceilation of all dipole moments
take place, hence p = 0.
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Distinguish beiwsen the following :

{7} Atomic prbirgl and mofecolar orbital

fii)  Sigwia and pi bonds

(iii) Valence band theery and molecular orbital theory

]

Ans. For (1) See Q 2 onpage 10h
For (it} See 1 onpage 165,
For (1ii} Sec Q 2 anpage 166

What do yeu understand by the term dipole moment? Explain the significance
of dipole moment,

Ans. See Q15 and O 17 onpages 146 and 147,

m What is meant by sp’ hybrid erbitals? How do they differ from s and p orbitals?

Ans.  See €. 27 onpage 15U,
. e ) e e g ] . ] g
sp orbitals are of spherical and dumbbeli shape with different energies whereas sp” orbitals
are hybrid orhitals of same shapeandenergy.

Describe how electronegaiivity of atoms can be used to predict the nature
of bond formed between two elements. Explain giving examples.

Ans.  Diatonic molecules. consist of different atoms and it is pelar. Greater the difference of electro-
negativity berween the two atoms the greater will be the polarity of the molecule.
Electronegativity confirms ionic or covalent nature of a compeund.

For example:  Sodium and chlorine have a difference of electronegativity 2. Therefore they
form ionic bond. Hvdrogen has electronegativity of 2.1 whilethatofnitrogenis 3.0. Thesetwo
clements will form a covalent bond due to difference of electronegativity less than one.
Electronegativite predives the fergih of a bond .

Flectronegativity predicts polarity snd polarity gives ionic character to a bond and ionic *
character reduces the bond distance and the bond energy increases.
Theoretically the bond distancc of H-F is 1.01 A and the calculated value of bond length of
H™-F* is (.92 A. Thus electronegativity helps io determine the nature of bond.
m Write a note on bond energy.
|
Ans.  See ) 20 onpage |45 ;
Wihat are the most important secondary bonds present in H,0 and HF molecules?
How do they affect the physical properties of compound?
Ans,  See () 38 onpage 136
How can the theory of electron pair repulsion be used to rationalize the shapes of
simple malecules?
Ans, See O 33 onpage 153,
- L
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Beryllium Chloride has a linear shape where as water molecule has angular shape.
Account this difference in terms of electron pair repulsion model and hybrid model.

Ans. For BeCl,: Shapeof BeCl, interms ofelectron pair repulsion theory.
The Lewis structure of BeCl, can be represented as:

H:_“:IF w2 Be == {::":f:

Itindicates that twoelectron pairs are there in the valence shell around the central atom Be. The
distance between the two electron pairs would be maximum if they are placed at the opposite
ends of a line with Be atom in the centre. In this orientation two electrons pairs will experience
minimum repulsion. If we attach two C/ atoms with electron pairs placed at the opposite ends
of a line with Be atom in the centre then the geometric shape of BeC/, molecule would be
linear of 1 80°

Shape of BeCl, interms of hybrid orbital theory: Bein hybridized as follows:

Ground state Be=1s" 25

Excited state ; Be=1s",2s', 2p,' (sphybrid )

Thus this sp hybrid orbital arrange themselves at an angle of 180° form a linear structure. The 3p,
orbitals of the two chlorine atoms overlap the sp orbitals to give two sigma bonds as follows:

-----

N TR

p, Ty,
C<O<m ><O - 0-©-0
Forwatermolecule: See () 27 (iii) onpage 150.

Predict the shapes of rhe following molecules:
PCl., /PH;s H,S. SCI,

Ans,

PCl,
Clf = Terminal atom

Total valence electron

P=5x1 =35
P
cr=7x3 = & -
)
Bond angle = 107° Ci
‘Bond pairs = 3
Hybridization = sp’
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s lﬁg: l'_':_'-mic:tl Bonding }f/ I",,i‘
PH’ L]
P = central atom 1070
H = Terminal atom
Total valence electron P
P = 51 = 5 H
H
He= 1 &3 = % H
Hybridization = sp’
shape = Trigonal pyramid
Bond pair = 13
Lone pair = 1
H.S§
§ = Central atom 9
H = Terminal atom A
Total valence electron \
8 = 6 =1 = B0
H H
Hi= 1 %2 = —‘;—
Hybridization = sp'
Bond pairs at
Line pairs = 2
&SC,
8 = Central atom 9
C/ = Terminal atom pY4 |
Tolal valence electron \ |
S = 6% ] =
Crf ()
. 14
= % 2 = ==
Cl, T =3 30
Hybridization - sp¥
angle = 104°
Bond pairs = 2
L.one pairs =
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