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CHEMISTRY (XI)
Chapter 6
Chemical Bonding @Pﬂk"‘w@”
Short Questions

1. What is octet rule? Give two examples of compounds which deviatefrom it.
Ans: The tendency of an atom to attain a maximum of eight electrons in the valance shell
1s called octet rule.

There are many compounds in which atoms have no eight electrons (octet) in the valance
shell after chemical combination. For example, BF3, BCls, A1C13, SFs, PFs

2. Define chemical bond. Give examples.
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Ans: A chemical bond 1s the force which hoq‘l‘d\'s,f‘t;égfé{hér'two or more atoms or ions to forma
large variety of compounds e.g. ionicﬂ bqlilc_\li‘;’ﬁ'c&/alent bond.
3. Bond distance is the_ go\mbﬁimfzise distance. Justify.

Ans: When two atoms éﬁf‘)\roach each other then there are two forces that operate 1i.e.
attractive forces and repulsive forces. Attractive forces are between the nucleus of one atom
and electrons of the other atom and repulsive forces are between the nuclei and electrons of
both the atoms. There 1s competition between the attractive and repulsive forces till a point is
reached where attractive forces dominate and repulsive forces are minimized. This 1s the
point where bond 1s formed so bond distance is called the compromise distance between two

atoms making up a molecule.
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4. The compromise distance between the two bonded hydrogen atoms is 75.4 pm.
Justify.
Ans: When two atoms come close to each other, they have attraction as well as repulsion
between them. These bonded atoms stay at the distance, where the attraction 1s maximum.
This distance 1s also called bond length. These bonded atoms cannot fly apart from each other
in ordinary conditions. In H, molecule compromised distance between the two hydrogen
atoms 1s 75.4pm, which 1s also called equilibrium bond distance or bond length of Ho»

molecule.

Potertial Enemy ’

- 4326 Kl mol-1

5. Define atomic radius.

Ans: The atomic radius means the average distance between the nucleus of the atom and its

outermost electronic shell.

6. Why atomic radii cannot be determined accurately?
Ans: The radius of an atom cannot be determined precisely due to the following reasons:

(1) There 1s no sharp boundary of an atom. The probability of finding an electron never
becomes exactly zero even at large distances from the nucleus.
(11) The electronic probability distribution 1s affected by neighbouring atoms. For this reason,

the size of an atom may change from one compound to another.
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7. Give trend of atomic radii in the periodic table.

Ans: Atomic radil decrease from left to right in the periodic table because the effective
nuclear charge increases from left to right and shielding effect remains constant. It increases
from top to bottom 1n the periodic table because the effective nuclear charge decreases and
shielding effect increases.
8. Define ionic radius.

Ans: The 10onic radius of an 1on 1s the average distance between nucleus of 1on and the outer
shell. It 1s measured in pm or nm etc.

9. Why the radius of CI ion increases from 99 pm to 181 pm OR Why the ionic radius is
greater than atomic radius?
Ans: The radius of anion 1s larger than its original atom. Themcrease in the size of anion 1s
due to the increase in electron-electron repulsion becg}usg,.brffhe increase in the valance shell

electrons. We can say that effective nuclear charge decreases by the increase of one electron
in the valance shell. This causes expansion of the shells. For example, size of chloride ion CI

is greater than Cl. Size of chlorine atom Cl is 99 pm while size of Cl is 181 pm.
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10. No bond in chemistry is 100% ionic. Justify.

Ans: For a compound to be 100% 1onic the electronegativity difference between the
elements must be 4.0. So, no bond in chemistry i1s 100% ionic in nature. Highest ionic
characters are present in CsF because Cesium 1s least electronegative and fluorine 1s most
electronegative element. Difference of electronegativity 1s 4 — 0.7 = 3.3. Cesium fluoride 1s
92% 1onic and has 8% covalent character in it. NaCl is 72% 1onic and 28% covalent.
11. Define ionization energy. Give an example.

Ans: The 1onization energy of an element is the minimum energy required to remove an
electron from the outermost orbit of an isolated gaseous atom to form a positive ion. The

process 1s called 1onization, e.g.

Mg > Mg™ +e AH= ?38k] mol ™
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12. Give the trend of ionization energy in the periodic table.

Ans: lonization energy increases from left to right in the periodic table because the atomic
size decreases, shielding effect remains constant and effective nuclear charge increases. It
decreases from top to bottom because the atomic size increases, shielding effect increases and

effective nuclear charge decreases.

13. Mention the factors affecting ionization energy.

Ans: It 1s observed that the 1onization energies of atoms depend upon the following factors:

(1) Atomic radius
(11) Nuclear charge or proton number of the atom
(111) Shielding effect of inner electrons

(1v) Nature of orbital
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14. Ionization energy is an index to the me;a'llic character. Justify.

Ans: lonization energy 1S an index. tothe metallic character. The elements having low
lonization energies are good metals and those having high ionization energies are non-metals.
Those with intermediate values are mo stly metalloids.

15. Define electron affinity. Give an example.

Ans: The electron affinity of an atom 1s the energy released or absorbed when one or more
electrons are added to an empty or partially filled orbital of an isolated gaseous atom in its

valence energy level to form negative 1on. e.g.,

Cl(g)+e —>Cl'(g)

AH=-349k]mol”
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16. Give the trend of electron affinity in the periodic table.

Ans: Electron affinities increase from left to right in period of the periodic table as the
effective nuclear charge increases, shielding effect remains constant and size of atom
decreases. There 1s more attraction of nucleus for outermost shell electrons, so electron
affinity increases from left to right. Electron affinity decreases from top to bottom as the
effective nuclear charge decreases, shielding effect increases and size of atom increases.
There will be less attraction of nucleus for outermost shell electrons, so electron affinity

decreases from top to bottom.

17. Define electronegativity. Give an example.

Ans: The tendency of an atom to attract a shared electron pair towards itself i1s called its
electronegativity. For example, electronegativity of Hydrog_elll_ji?‘ i$22.1 and that of Fluorine is

4.0.
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18. Give the trend of electronegativity mthgpenodw table.
Ans: Electronegativity increases from lefttorlght in the periodic table because atomic size
decreases, shielding effect re;maiﬁ,siconstant, effective nuclear charge increases. It decreases
from top to bottom becaﬁs“e\atomic size increases, shielding effect increases and effective

nuclear charge decreases.

19. Define ionic bond. Give an example.

Ans: According to the Lewis theory, 1onic bond 1s formed by the complete transter of one or
more electrons from an atom with low 1onization energy to another atom with high electron

affinity. For example:

K(2,8,8.1) > K (2,8,8)+¢” AH=419.0kJmol™

e €l AH=349Kmol’
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20. Why is the radius of cation smaller than its parent atom?

Ans: Size of cation 1s smaller than its parent atom because of the imbalance of electron-

proton ratio which can be further explained as:

1. No. of protons are greater than no. of electrons so nuclear charge increases
11. Nucleus hold increases on the remaining electrons
111. In some cases number of shells also decreases

The radius of Na" ion is smaller than Na atom. The radius of Na" ion is 95 pm while Na is
186 pm. By losing one electron, the effective nuclear charge increases and shells shrink to

smaller size.

21. How electronegativity helps us to understand nature of bonds?

Ans: Criteria of electronegativity also helps us to understg}ngil:{ﬁe inature of bond. In order to
decide the % of ionic nature in a Compoundjf):%i?i‘st ..better to note the difference of
electronegativity between the bonded atc')mg.}fiitﬁeﬂdifference 18 1.7 or more then the bond 1s
said to be ionic. Keeping this aspet‘:t"fifi\';“i'ew, NaCl has 72% 1onic character. CsF has 92%
1onic character and calculaklt‘i(_\méiftjéll LlS that there 1s no bond with 100% 1onic character.

22. Define covalent bond. Give an example.

Ans: According to Lewis and Kossel, a covalent bond 1s formed by the mutual sharing of

electrons between two atoms. For example:

| Hydrogen Chlorine

H:H or H-H Cl*Cl:  or Cl---<Cl

=
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23. Define non-polar covalent bond. Give an example.

Ans: In such bonds, the bonding electron pairs are equally shared. For example, in Hz or Cl;
molecules, the two electrons forming the covalent bond are equally shared by the two

identical atoms having same electronegativities. For example:

Hydrogen Chlorine

H:H or H-H .C1*Clk  or Cl----C|

24. Define polar covalent bond. Give an example.

Ans: When two different atoms are joined by a covalent bond, the electron pair will be
displaced towards the more electronegative atom and the pair shall go away from less
electronegative atom. In this one atom gets partial negative-’f-.éﬁéfge and other partial positive

charge. Such bond is considered polar. For example;-" >
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25. Define coordinate covalent bond. Give an example.

Ans: A coordinate covalent bond 1s formed between two atoms when the shared pair of

electrons 1s donated by one of the bonded atoms. For example, bond formation between NH3

and BFs.
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26. Distinction between covalent and coordinate covalent bond vanishes after bond
formation. Justify.
Ans: Coordmate covalent bond 1s just like a single bond. For example, this bond 1is
formed by the empty orbital of H" and completely filled orbital of Nitrogen. According to
Lewis concept, nitrogen donates a pair of electron to H", So NH3 is a donor while H" is

acceptor. Usually, this bond 1s donated by an arrow. Arrow head 1s from donor towards

acceptor.
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Experimentally all four N-H bonds are identical in bond length and bond strength. Therefore,
ammonium ion is written as NHs" and it is that after bond formation the distinction between

coordinate covalent bond and covalent bond vanishes.

27. Differentiate between covalent bond and coordinate covalent bond.

Ans:
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Covalent Bond Coordinate Covalent Bond

The bond formed by the mutual sharing of [The bond formed when the shared pair of
electrons between two atoms 1s called jelectrons 1s donated by one of the bonded

icovalent bonds. latoms 1s called coordinate covalent bond.

Example: CH4, H2O Example: NHs", BFE4

Two atoms donate an equal share of One atom called donor donates a pair of
electrons. electrons and one atom called acceptor

laccepts the pair of electron.

28. What are oxonium ions? Give an example.

Ans: All the alcohols and ethers offer their lone pairs to Hfj‘u”slfli“ke water to give coordinate
covalent bonds. The 1ons so produced with po&i;t\;i?‘/gelycharged oxygen atom are called

oxonium 10ns.

O N H Rk o

An 3[{'1}]]1].[ Oxonium ion of
alcohol

: H
- I’ . T
9 o+ HT ’ S

—
- i

R R R R
An ether Oxonium ion of
ether

29. How NH4 “jon is formed?

Ans: Ammonia donates its electron pair to H' ion to give NH4" ion. All the four bonds

behave alike in NH4" ion.
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30. What is the basic assumption of VSEPR theory? ‘%ﬂpﬁk‘;iworg%

Ans: The valence electron pairs (lone pairs and the bond pairs) are arranged around the
central atom to remain at a maximum distance apart to keep repulsions at a minimum.
31. Why the non-bonding electron pairs occupy more space than the bonding

electrons?
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Ans: A bonding electron pair is attracted b}{\‘b(‘)itliji’?-ﬁu'é.l'éi of atoms while non- bonding by
only one nucleus. Because a lone pair experlences less nuclear attraction, its electronic charge
1s spread out more in space thap thatfor \‘bkonding pair. As a result, the non- bonding electron
pairs exert greater repulsive‘f-\féfées on bonding electron pairs and thus tend to compress the
bond pairs.

32. Mention the magnitude of repulsions between the electron pairs in a given

molecule.

Ans: The magnitude of repulsions between the electron pairs of a molecule decreases in the

following order:

Lone pair- lone pair > lone pair -bond pair > bond pair - bond pair

These repulsions are called Van der Waal’s repulsions.
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33. Why multiple bonds are considered as single bond in VSEPR theory?

Ans: The two electron pairs of a double bond and three electron pairs of a triple bond,
contain a higher electronic charge density. Therefore, they occupy more space than one
electron pair of a single bond but behave like a single electron pair in determining the
geometry of the molecule. This 1s because they tend to occupy the same region between the

two nuclei like a single bond.

34. Explain AB> type molecules according to VSEPR theory.

Ans: In such molecules two electron pairs around the central atom are arranged at an
angle of 180° in order to minimize repulsions between them. Thus, they form a linear
geometry.

Beryllium chloride is a typical linear molecule which cont.‘:}ii‘lsf-\{ixzo electron pairs. MgCly,

CaCl,, SrClp, CdCl; and HgCl; are also linear mO]cg'Q}les;'ﬂ/

Oy
) @@ Be —— Cl
180°
Sl—Mg—— ¢

35. Explain AB3 type molecules with no lone pairs.

Ans: In such molecules, central atom contains three bonding electron pairs, which are
arranged at maximum distance apart at a mutual angle of 120°, giving a triangular planar
geometry. The boron atom in BH3 1s surrounded by three charge clouds, which remain
farthest apart in one plane, each pointing towards the corners of an equilateral triangle. Thus,

BH3, molecules has a trigonal planar geometry, with each H- B-H bond angles of 120°.
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Similar geometries are of hydrides of group III-A (AlHs3, GaHs, InHz and TIHs3)and their

halides (BFs, AICIs ,etc.)

36. Explain AB3 type molecules with one lone pair and two bond pairs.

Ans: In SnCl, one of the corners of the triangle 1s occupied by a lone pair, giving rise to a

distorted triangular structure in vapor phase.

\S N~
less than 120 jO)

37. Explain AB3 type molecules with mﬂlti;f.?le"'bbnds.

.....

Ans: In SO2, one corner of triangle 1, OCCllpled by a lone pair and two corners each by S=0

double bond, while in SO3 all three fégions, each are occupied by S = O bonds. This structure

of SOs 1s perfectly trianguléuir:
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38. Explain AB4 type molecules with no lone pairs.

Ans: The charge clouds due to four electron pairs avoid their electrostatic repulsions by
drifting apart to maintain a mutual bond angle of 109.5°. These molecules have shape of a
regular tetrahedron.

Example

Each of the four valence electrons of carbon pair up with one electron of hydrogen in
methane.

«C = 1s%, 2s!, 2px', 2py!, 2pz!

The four electron pairs are directed from the center towards the corners of a regular
tetrahedron, with each apex representing a hydrogen nucleus. The arrangement permits a non-
planar arrangement of electron pairs. Each H-C-H bond 1S perfeCtly 109.5 °. Molecules of

similar geometry are SiH4, GeHs, CCly.

\109 5

//\

39. Explain AB4 type molecules with one lone pair and three bond pairs.

Ans: The charge cloud of lone pair electrons (non-bonding electrons) spreadsout more than

that of bonding electrons.

Large lone pair charge cloud tends to compress the bond angles in restof the molecules.
Ammonia, NH3 1s a typical example.

N = 1s%, 282, 2px!, 2py', 2pz!
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The non-bonding electron in 2s orbital takes up more space and exerts a strong repulsive
force on the bonding electron pairs. Consequently, to avoid a larger repulsion, the bonding
electron pairs move closer that reduces the ideal bond angle from 109.5°t0 107.5°. The

resultant molecule has triangular pyramidal geometry instead of tetrahedral.

L
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40. Why the bond angle is reduced to 102° in NF3?

Ans: Substitution of hydrogen in NH3 with electronegative atoms like F or Cl further reduces
the bond angle. In NF3, the strong polarity of N-F bond pulls the ‘\_lgne pair of N atom closer to
its nucleus. It exerts a stronger repulsion over bonding electrgﬂék.""["\he angle further shrinks to
102°. Moreover, the bond pairs N-F bonds are cloS%rtoF ’atoms than N atoms. The increased
distances 1n these bond pairs make their repyi%iéiﬁhs’xless operative.
41. Explain AB4type molecu(es“~_waitfl\zj‘"‘tx1.4f(’) lone pairs and two bond pairs.

Ans: Presence of two longap?iifs?,;in\troduces three types of repulsion i.e., lone pair-lone pair,
lone pair-bond pair and bond pair-bond pair repulsion.

For example: water (H20), a triatomic molecule is expected to be an AB> type linear

molecule like BeCl, and CO»,. But experimental evidence confirms a bent or angular

geometry. VSEPR theory explain geometry of water molecule.

3O = 1s%, 2s%, 2px?, 2py', 2pz!
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Two of the corners of a tetrahedron are occupied by each of the two lone pairs and remaining

by bond pairs. By lone pair-lone pair and lone pair-bond pair repulsions the bond angle is

further reduced to 104.5°.

42. Write two points of Valence bond theory.
Ans: According to valence bond theory,

1.  The partially filled atomic orbitals overlap to form bonds but the individual character
of atomic orbitals 1s retained.
1.  Greater the overlap, stronger will be the bond formed.
43. How hydrogen molecule is formed according to VBT?
Ans: As the two atoms of hydrogen approach each other, thelrl\s orbitals overlap, thereby
giving the H-H bond. The electron density becomcsl’gﬁgg“(:}icﬁ\tfaﬁ‘ted between the two nuclei.
The bond is called a sigma (6) bond. L \ |

-

44. Define sigma bond.

Ans: A single bond 1s formed when two partially filled atomic orbitals overlap in such a way

that the probability of finding the electron is maximum around the line joining the two nuclei.

45. How hydrogen fluoride molecule is formed according to VBT?

Ans: The H-F bond is formed by the pairing of electrons - one from hydrogen and one from

fluorine.
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The fluorine atom completes its 2p sub-shell by acquiring a share of an electron from

hydrogen as shown below.

|| 1! | |
QF — 2 S E pl‘ 2 p}- 2p:

There are then two orbitals plus two electrons whose spins can accljhst so they are paired.

46. How fluorine molecule isformed according to VBT?

Ans: The sigma bond in theﬂuorlne molecule, F> i1s formed by the overlap of half-filled 2pz

orbital on each fluorine atom.

(%}m}j‘} A WA > —
!

2p, j —
¥ » }( >
F—F |
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47. How nitrogen molecule is formed according to VBT?
Ans: Nitrogen atoms have the following electronic configuration
1s* 2s* 2px'2py'2pz!
One end-to-end p orbital overlap occurs resulting in a sigma bond, the other two p orbital are

aligned parallel to thecorresponding orbital in the other atom giving two p1 bonds.
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48. How H2S molecule is formed according to VBT2
AN A ) )

Ans: H»S 1s a non-linear molecule, and the bondangle between the two H-S bonds 1s about
92°. Each two 3p orbitals of sulphur con’tadmng one electron can overlap with the 1s orbitals

of hydrogen atoms.
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49. Define hybridization.

Ans: According to this, atomic orbitals differing slightly in energy intermix to form new
orbitals ot exactly same energies which are called hybrid atomic orbitals. They differ from
the parent atomic orbitals in shape and possess specific geometry.

50. Define sp’ hybridization. Give examples.

- LY
A D v
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Ans: In sp’ hybridization, one s and three p atomic orbitals of an atom intermix to form four

.

equivalent orbitals called sp> hybrid atorpfiq‘j'@fﬁiféls. Examples CH4, NH3 and H>O.

51. Discuss structure of me;h-a‘(ié"&ék:ording to sp’ (Similar question may beasked for
ammonia and water) - NN
Ans: Electronic configuration of ¢C, its electronic excitation and hybridization 1s given as

follows:
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C atom n ground state

Is 2s 2p

W] [#] M1

C atom 1n Exited state
is 25 2p

ol 4] [1]4]1

C atom m Hybndized state

s

! 11111 1

sp’ Hybridised orbitals

The four equivalent hybrid orbitals are directed towards the four corners of a regular
tetrahedron. The hybrid orbitals are oriented in space in such a manner that the angle between
them 1s 109.5°. They are six in number. Methane molecu}lre;‘-_is"‘f’é)’i‘"\med by the overlap of sp’
hybrid orbitals of carbon with 1s orbitals of four;\hydr()gen atoms separately to form four

sigma bonds. The tetrahedral structure of thasfour faces, four corners and six edges.
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52. The bond angles of H20 and NH3 are not 109.5° like that of CHyalthough

Oxygen and Nitrogen atoms are sp> hybridized. Why?

Ans: According to VSEPR theory, lone pairs occupy more space than bond pairs and cause

more repulsions.
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e H>O has two lone pairs, so it repels the bond pairs much more and makes bond angle

shorter till 104.5°,

e NH;3 has one lone pair that repels the three bond pairs so the bond angle between

hydrogen atoms of ammonia 1s 107.5°.

e (CH4 molecule has no lone pair, and each bond pair repels each other with equal force

and bond angle between two adjacent hydrogen atoms becomes 109.5°.

53. Define sp? hybridization. Give examples. ;% pakcity.org %ﬂ

Ans: In sp” hybridization, one ‘s’ and two ‘p’ atomic orbitals of an atom intermix to give

three orbitals called sp® hybrid orbitals. Example, BF; and Ethene._
54. Explain structure of ethene (ethylene) according tf_”o”-hj?bﬁdization.

Ans: Electronic configuration of ¢C 1s

I8 25 2p

RIERRER R

s 28 2p

BIKEREERIR

1s sp- hybrid 2p
orbitals Unhybnid

orbital

Each carbon atom undergoes sp” hybridization to form three hybrid orbitals which are co-

planar and are oriented at an angle of 120°.
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One of the p-orbitals does not take part in hybridization. Each carbon atom undergoes sp*-s
overlaps with two hydrogen atoms and sp>-sp> overlap between themselves to form sigma

bonds. The partially filled p-orbitals undergo sideways overlap to form a t—bond.
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55. Define pi bond.

S\ \
A0 ™ o V4

Ans: A pi-bond 1s formed‘l'i;f;jfthe sideways overlap of two half-filled co-planar p-orbitals n
such a way that the probability of finding the electron is above or below the line joining the

two nuclei.

56. & bonds are more diffused than 6 bonds. Why?

Ans: In sigma bonded atoms, the electron density is between two nucle1 or at bond axis. In p1
bond, electronic cloud lies above and below the line joining the nuclei, so p1 bonds are more

diffused (spread) than sigma bonds.
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57. Define sp hybridization.

Ans: In sp hybridization, one ‘s’ and one ‘p’ orbitals intermix to form two sp-hybrid orbital.
Examples, BeCl; and ethyne.

58. Explain structure of ethyne according to hybridization.

Ans: Electronic configuration of ¢C 1s
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sp orbitals P, 2p.

Each carbon atom undergoes sp-s overlap with one hydrogen atom and sp-sp overlap with
other carbon atom. Each carbon atom 1s left with two unhybridized p orbitals perpendicular to

the plane of sp hybrid orbitals. The sideways p overlap between the p-orbitals
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results in the formation of two pi bonds. Ethyne molecule contains one 6 and two pi bonds

between the two carbon atoms and each carbon atom 1s bonded with one H atom through 6

bond.

FA HA’
q,.a)_u_(g-p

Overlap of hybrid orbitals
4 gives a sigma bond

>-bond

C(-N wb

‘o Fo

Overlap of p orbitals
J gives a pi bond

~bord ™ QC%

59. What is the difference between VBT/andMOT ?
Ans: Following are the points of d]ffererfce between VBT and MOT:
1. VBT considers Overlap\,‘()\f‘f‘vié\i%iénce shells whereas MOT considers atoms as a whole to
participate in bonding.
2. Simplest diagrammatic representation of no bond formation was given by MOT not VBT.
3. MOT very well explains the paramagnetism and diamagnetism phenomena in molecules
whereas VBT fails to explain it.
4. Stmplest formula to calculate bond order was given by MOT not VBT.

60. Define bond order. Give an example.

Ans: The number of bonds formed between two atoms after the atomic orbitals overlap i1s

called the bond order and 1s taken as half of the difference between the number of bonding
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electrons and anti-bonding electrons. The number of bonds formed between H-atoms in
hydrogen molecule may be calculated as follows:
Number of electrons in the bonding orbitals = 2

Number of electrons in the anti-bonding orbitals =2

Bond order - =1

Energy

o5

61. Prove that no bond is formed in helium. @% -

e

Ans: The electronic configuration of He@ The 1s orbitals of He-atoms combine to form

one bonding 6 (1s) and one anti- g 6* (1s) orbitals.

Each He-atom contribute electrons. Two electrons enter bonding molecular orbital (ls)
and the remaining two go to antibonding 6* (Is) molecular orbital. The bond order for He> 1s

Zero 1.e.
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62. Explain structure of nitrogen according to MOT.

Ans: Electronic configuration of N> molecule 1s:

6(15%)<6*(15%)<6(252)<6*(252)<Tr(2p%)=Tr(2p%)<6(2p>) <Tr*(2py)=Tr*

(2pz)<6™(2px)

Six electrons enter into three outermostbonding orbitals while no electrons enter into anti-
bonding orbitals.

Thus, the bond order in N> molecule 1s

6

.

. E:B
2

which corresponds to the triple bond consisting 0>f01’1681gma and two pi bonds, The
ROV

bonddissociation energy of Na is very high, i€/ 941kJmol.

‘@ BMO

63. Explain structure of oxygen according to MOT.
Ans: The electronic configuration of O 1s:

6(15)*<6*(15)*<6(2s)*<6%(25)*<6(2px)<TT(2py)*=TT(2pz)*<TT*(2py) ' =1m*(2pz) ' <6*2pX
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The bond order of O> 1s:

E:Z

This corresponds to a double bond. There are two unpaired electrons in anti-bonding

molecular orbitals showing paramagnetic properties of oxygen. Liquid Oz 1s attracted towards

the magnet.

=(2p, ) x"2p,)
H2p, ) ®2p,)

64. Differentiate between hyb‘ﬁd‘\(‘)}‘l’)ital and molecular orbital?

Ans:

Hybrid orbital Molecular orbital

Hybrid orbitals are formed by the [Molecular orbitals are formed by the
interactions of atomic orbitals in the same [interactions of atomic orbitals of two

atom. different atoms.

They have same energies They may have different energies

65. Why the energy of anti-bonding molecular orbital is higher thancorresponding

bonding molecular orbital?
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Ans: Anti-bonding orbitals are higher 1in energy Dbecause there 1s less
electron density between the two nuclei. An anti-bonding orbital 1s formed when two atoms
approach each other and the overlap between atomic orbitals results in destructive
interference. Thus, when the electrons 1n an anti-bonding orbital spend less time between the
two nuclei, they are at a higher energy level.

66. Differentiate between atomic orbital and molecular orbital.

Ans:

Atomic orbital Molecular orbital

Atomic orbital i1s the region, having the Molecular orbital 1s the region, having the
highest probability of finding an electron in | highest probability of finding an electron in a

an atom. molecule. <2

Formed by the electronic cloud around the Formedby the fusion of atomic orbitals that
NN\ <

e

atom. RN haVe nearly the same energy.

67. Define Dipole moment and give its S.I units.
Ans: The product of electric charge (q) and the distance between the positive and negative

centers (r) 1s called dipole moment.

H=qXT
The common unit of dipole moment 1s Debye (D). The S.I units of dipole moment 1s coulomb

meter (Cm). 1D = 3.336 x 107 Cm

68. Define bond length. Give an example.

Ans: The distance between the nucler of two atoms forming a covalent bond 1is called the

bond length. For example, CI-Cl bond length 1s 198 pm.
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69. Define bond energy. Give an example.

Ans: The bond energy is the average amount of energy required to break all bonds of a

particular type in one mole of the substance. For example, C-C bond energy is 348 kJ/mol.

70. Why the abnormality of bond length and bond strength in HI is less prominent than

that of HCL.

Ans: Electronegativity of Cl is more than that of iodine that is why the difference of
electronegativity between the HCIl 1s more than of Hl between the bonded atoms. The
decrease in polarity from the HCI to HI indicates the increase in trend of equal sharing of
electrons due to decreasing electronegativity between the bonded atoms Therefore, the bond
length and bond strength of HCI 1s more prominent 1n its abnormality than that of HI.

71. Why the dipole moment of CO: is Zero but that of SO3 i5:1.61 D?

Ans: The dipole moment of CO is zero, as it has & linear structure where the dipoles being
QN2 <
equal and opposite cancel out each other’s effect.

SOz 1s also a triatomic molecule but it hasa Tone pair of electron due to which it has angular

structure. Polarity 1s not cancelledout so it has a dipole moment of 1.61 D.

,x?‘f\

® o e ® - \ i
( .= C =':- 'Q:ﬁ' .9.-
T UL=16D

72. Why the dipole moment of SOz is 1.61D but that of SO3 is zero?

Ans: SO; 1s a triatomic molecule but it has a lone pair of electrons, due to which it has

angular structure. Polarity 1s not cancelled out, so it has a dipole moment of 1.61 D.

SOs has a dipole moment of 0. SO3, a trigonal molecule, has no dipole moment because the

bond dipoles cancel each other. This is because the negative and positive centers are both
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located in the same plane and therefore there i1s no permanent dipole therefore the
molecule 1s non-polar.

73. Why the dipole moment of CO2 is Zero but that of COis 0.12 D?

Ans: The dipole moment of COz is zero, as it has a linear structure where the dipoles being

equal and opposite, cancel out each other’s effect.

0=C=0
e = = e

p=0

CO has a permanent pole, hence i1t shows a dipole moment of 0.12 D.

C=0
= 0420,

74. Why BF '3 is non-polar but SO> polar?
Ans: BF3 has a symmetrical trianguzl‘érf\ planar molecule, having zero dipole moment so it is a
non-polar molecule. On the‘.d\{hé’;rlhand, SO; 1s also a triatomic molecule but it has a lone pair
of electrons, due to which it has angular structure. Polarity is not cancelled out, so it has a
dipole moment of 1.61 D and 1s polar in nature.

75. How the percentage of ionic character of covalent bond is determinedby Dipole

moment?

Ans: From the experimentally determined dipole moments, the percentage ionic character in

a bond can be calculated.
% age 1onic character = Uobserved/ tionic X 100

Example
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The observed dipole moment of HF 1s 1.90D. The distance between the charges 1s 0.917 x 10
''m. (unit positive charge = 1.6022 x 10" C)
Wionic = XT
=1.6022 x 10" C x 0.917 x 10" m
=1.469 x 10 Cm=4.4D (1D =3.336 x 107 Cm)

% age 10nic character = Uobserved/Mionic X 100

=1.90D/4.4D %100

=43.2%  pakcityorg B

76. Why the melting points, boiling points, heats of sublimation and heats of
vaporization of electrovalent compounds are higher as compared with thoseof covalent
compounds?
Ans: The melting points, boiling points, heats ofquu\plimatién and heats of vaporization of
electrovalent compounds are usually higherfg‘l? cor;pared to covalent compounds. In 10onic
compound, strong inter-ionic forces arepresent Large amount of energy 1s required to break
these forces. Ionic compouncﬁisnali'réis;(f)lid in nature while covalent compounds are usually
found 1n solids, liquids and "—ig‘asres. Covalent compounds have less attractive forces between
molecules and have less melting points, boiling points, heats of sublimation and heats of
vaporization. For example, melting point of an ionic compound NaCl is 801°C while melting
point of a covalent compound H>0O 1s 0 °C.
77. Why it is impossible for CH4to make a coordinate covalent bond with H" ion while
water and ammonia can do so?
Ans: A coordinate covalent bond 1s formed between two atoms, when the shared pair of

electrons 1s donated by one of the bonded atoms, called donor and accepted by the other

bonded atom, called the acceptor.
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H" ion acts as an electron pair acceptor. Ammonia and water both have lone pair of electrons,
which they can donate to H" ion to form coordinate covalent bond.
Methane CH4 has only bond pairs, and no lone pair 1s available so it cannot form coordinate
covalent bond.
78. The molecules NF3 and BF3 all have molecular formula of the type XF3. But they
have different structural formulas. Keeping in view VSEPR theory, sketch the shape of
each molecule and explain the origin of differing in shapes.
Ans: The difference in their shapes or geometries is due to a lone pair which is present on
nitrogen 1n NF3 but not on boron in BF3. This lone pair repels the three N-F bonds in NF3

downwards and shape becomes trigonal pyramidal, whereas, the shape of BFs3 remains

triangular planar because of absence of such repulsions.

"I

P\ ~ -\} 120"

F

LE‘SS uha”

“307.5 i: F

79. Why the lone pairs'bf electrons occupy more space than bond pairs?

Ans: A lone pair 1s attracted by only one nucleus, on the other hand, a bonding electron pair
1s attracted by both nucle1 of atoms. Because a lone pair experiences less nuclear attraction,
its electronic charge is spread out more in space than that of bond pair. As a result, electron
pairs are more influential and exert greater repulsive forces on bond pairs, thus tend to

compress the bond pairs occupying more space.

80. On what factors strength of bond depends?

Ans: The strength of bond depends on
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i.  Electronegativity
i1.  Size of atom
i11.  Bond length
81. Why ionic compounds do not show the phenomenon of isomerism, but covalent
compounds do?
Ans: Since 1onic bond 1s non-directional, 1onic compounds do not exhibit the phenomenon
of 1Isomerism. Covalent bonds are rigid and directional as overlapping of orbitals occurs along
definite axes. This leads to the possibility of a variety of 1somerism. For example, structural

1Isomerism 1s shown by the compound, C2HsO.

i H
H—EIZ— EIE—DH H—I':—[} —IEE— H
H H JON
ethanol @@E"mﬁéth yl ether

C,H O (@ CaHgO

82. How the type of bonding affectstkesolublhty of compoundes.
Ans: Mostly 10nic compoun\ds\\m“,é:éofluble in water but insoluble in non-aqueous solvents.
When a crystal of 1onic substance 1s placed 1n water, the polar water molecules detach the
cation and anion from the crystal lattice by their electrostatic attraction and salt 1s dissolved
in water. If the attraction of the water molecules cannot overcomethe attraction between the
ions then dissolution does not occur. For the same reasons, non-polar solvents like benzene
and hexane do not dissolve 1onic compounds. Covalent compounds dissolve easily in non-
polar organic solvents like benzene, ether etc. Here the attractive forces of solvent molecules

are  enough for overcoming the  intermolecular  forces of  attraction.
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Compounds like glucose, sucrose, urea etc. dissolve in water due to hydrogen bonding.

83. The species NH,~ NH3, NH4', have bond angles of 105° 107.5° and109.5°

respectively. Justify these values by drawing their structures.

Ans: This is due to presence of lone pairs on central atom of these species (except NH4™).

They repel the bond pairs, thereby, decreasing the bond angles. Perfect tetrahedral bond angle

is shown by NH4" only.

A
P .! b | /,-i’i %
H/ H H / \H

H
_..’
H -.
.L
i
Hy H
]

R

84. The linear geometry of BeClz suggests that central Be atom is sp- hybridized. What
type of hybridization a central _atéﬁ'ﬁﬁdergoes, when the atoms bonded to it are
located at the corners of \(q)_i'a:nequilateral triangle (b) a regular tetrahedron and (c)

triangular bipyramid TN

Ans: (a)

In case of equilateral triangle, the central atom should be sp? hybridized e.g. Boron in
BEFs.

(b)

In case of regular tetrahedron, the central atom should be sp’ hybridized e.g. Carbon in

CHa.

(c)

Please visit for more data at: www.pakcity.org



11th Chemistry Notes www.pakcity.org

In case of Triangular bipyramidal, the central atom should be dsp’ hybridized

e.g.Phosphorous in PCls.
85. How does molecular orbital theory explain the paramagnetic characterof 02, O**
and O2* species?
Ans:

O:2:
O, will be paramagnetic because it has 2 unpaired electrons in anti-bonding molecular

orbitals.
O 2+.
2 [ ]
022+Wi11 be diamagnetic because it has no unpaired electrons. O: after losing two

electrons becomes ()22+

2‘-
0, (T
0,*"will be again diamagnetic becauseit'has no unpaired electrons. O after
gaining two electrons becom'ﬁ‘a.f@‘@f'.

86. How the bonding m Clz is explained according to valence bond theory?

Ans: In Cl; formation, two 3px orbitals of two chlorine atoms overlap with each other to

make a single covalent bond.
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87. How bonding in O is explained according to valence bond theory?

Ans: In Oz formation, two 2px orbitals of two oxygen atoms overlap with each other to

make a single sigma covalent bond and later on two 2py orbitals and two 2pz orbitals engage

in the formation of two pi1 bonds.

(O)V

,-"\'\.\
< \. /?‘) &
°MNe + °Ne. =
2 . . X »..\l'. ': '.\\h‘__ /s
Py Py P, M
x y o\ \1\_./
O )
-
> \\

88. Write the Lewis structures for the following compounds:
(i) HCN (ii) CCly (iii) CS: (iv) HsN— AlF; (v) NH. OH (vi)

H>504 (vii) H3PO4 (viii) K>Cr207 (ix) N2O5s  (x) Ag(NH3):NOs

Ans:

HCN
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CCls

CS:

Hz:N —AlF;3

NH4sOH

H2S04
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H3POq4

K2Cr207

N20s

Ag(NH3)2NOs3

H

www.pakcity.org

H:0:P:O'H

-+ -

H:N:—»Ag<—::|\j:H ‘:N:::d
H

H O
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89. How do you compare the bond strength of:

(i)  Polar and non-polar molecules (i) o andmn bonds?

Ans: (1)
The polar bond has more strength as compared with non-polar bond because of
attractions between partial positive and negative ends of the molecule.
(11)
Sigma bond 1s formed by the linear overlap of half-filled orbitals of atoms, thus, it 1s
less diffused (less spread) and stronger than p1 bond which i1s formed by parallel

overlap of half-filled orbitals above and below the plane of molecule making it more

diffused and weak.
90. Which of the following molecules will be polar on'ﬂéﬁ-polar, sketch thestructures

and justify your answer? (i) CCly (ii) SO3 ( m)ANFg(zv) S0?

Ans: CCla: non-polar due to zero dipole mg;_r_iféﬂt*;i‘ésulting in tetrahedral structure.

Ci

o
cI™ / \Cl
Cl

SO3: non-polar due to zero dipole moment resulting in triangular planar structure.

O
|

S
o/ \0

Sulphur Trioxide
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NF3 : polar due to dipole moment resulting in trigonal pyramidal structure.

F -~ \/1025
F

SOz shall be polar due to resultant dipole moment (1.61D) of its angular structure.

91. How Pauling calculated inter-ionic radii?
Ans: Let us consider, the positive and negative ions, which are hg:ld together by electrostatic
forces of attraction 1n a crystal lattice. ‘
r+ and r - are the values of radii of cation and ani___i:_ \':f;eisée";:tively, The interionic distance ‘R’
will bes , .
Pauling was able to determine .;t,hé:distance between K+ and Cl- ions in potassium chloride
crystal and found that it Was équal to the sum of the radii of the two 10ns.

R =133pm + 181 pm =314 pm
Thus, the ionic radius appeared to be an additive property. Pauling extended this concept to
other K+ salts and calculated the radi1 of other 1ons from the relationship:
r =R-r"

Similarly, the 1onic radu of different cations can also be determined.

92. How the covalent radius of bonded atoms can be calculated?

Ans: The covalent radius of an atom can be used to determine the covalent radius of another atom.

For example, the experimentally determined bond length of C-Cl in CH3CI is 176.7 pm. The covalent
radius of Cl-atom 1s 99.4 pm. Covalent radius of C-atom can be calculated by subtracting this value

from C-Cl bond length. So, the covalent radius of C-atom = 176.7- 99.4 =77.3 pm.
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93. The dipole moments of CO, and CS, are zero but that of SO, is 1.61D.
Ans: The dipole moments of COz and CS2 are zero because of their linear structures

inwhich resultant dipole moment is zero due to cancellation of dipole moment on both

sides. InSO2, a lone pair i1s present on sulphur introducing repulsions on bond pairs

and molecular geometry becomes angular which will have a resultant dipole moment of

1.61 D.

0. S
0=C=0 "\
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