Shapes of Molecules
f\oﬁonancc
Theories of Covalent Bonding
+ Bonding Characteristics
Effects of Bonding on Physical and Chemical Properties

L H!J:--”

The students will be sble 1o =23

® Use VSEPR and VBT theories to deseribe the shapes of simple covaientmo

(Applying) 7
Describe the features of sigma and pi bonds. ( Understanding) |
Describe the shapes of simple molecules using orbital hybridization, (App
Determine the shapes of some molecules from the number of bonded paim
pairs of electrons around the central atom. (Analvzing)

® Decfine bond energies and explain how they can be used to. compmbond
of ditferent chemical bonds. (Analyzing) =
[Predict the molecular polarity from the shapes of molecules. (Applyiqg)
Describe how knowledge of molecular polarity can be used to e ,;,i. ‘
physical and chemical propertics of molecules. (Analvzing)
® Describe the change in bond lengths of hetero-nuclear molecules duﬁﬁ"
i electronegativity values of bonded atoms. (Understanding) :
® Describe the difference among molecular network and mﬂj!
¢ Understanding) | :_.

@ FExplain what is meant by the term ionic character of a Co¥ 1.m
(Understanding) £
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Introduction 3
Why do two 0XY& wen atoms combine and give an O, molecule while twones
stay apart from each other and do not give a Ne, ‘molecule? Why do “:;7
combine W hile certain others do not? Certainly there must be sOme i
holds two oXYgel atoms together. . forces of attraction which P

(84)
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wents (atoms 0L 10nS) ogether n different chemical samnaisde . d

'hemwnl bonds <
-
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I is the naturdl tendency of an element to be stabilized, [f there are two or
sight ¢lectrons 1n the Ull'lL?I'llm.\l shell of an atom then this (s u;lll‘cd a stable one,
"‘Sla‘blc elements do not form chemical bonds ¢.2. Noble gases are the most stable
* lements and have a liule tendency to form chemical bonds. The clements with
~ eomplete outermost ShQHS aretried to gain, lose or share their electrons with other
| elements to complete their valence (outermost) shells. In this w ay chemical
reactionsare occurred and chemical bonds arc formed
hemical bonds between atoms are ysy

ally classified as eithet ionic or covalent.
lonic bonds are formed between oppositely charged ions (cations and
anions) by the transfer of electrons from one element to another ¢

¢.g. the bonds in
il KBr.and CaO are ionic. They generally result when a metal reacts with anon-
etal. It 1s non-directional. The ¢

]cctroneguti\fn_v (E.N) difference should be more
than 1.7.

Covalent bonds are formed by the mutu
different or similar atoms. The bonds in N
difference for covalent bond should be
non-metal atoms. They are directional

Lf you know the
physical properties.
Inthis chapter we will discuss the geometries of molecules
o theories of chemical bonding:

al sharing of electrons between two
»» H,O, and CO, are covalent. The E.N
less than 1.7, They gencrally occur between
and are shown by signs (—, = =).

type-qf bonds in a compound, you can predict many of its

and we will also explore
valence bond theory and molecular orbital

gy and Science

o ughtand Curly Hair

%ﬂsmmamly made up of protein, called keratin. Keratin is also present in
’,'h{l_;%Kemﬁh 18 composed of long
'ghfim °f Sulphur containing amino
:::s'rnw;@)“-ét_eine. The cysteine of
dlﬁulph::nn m‘o]ccule forms a
g boﬂd {a covalent bond

natls and

i the sulphur atoms of
O thig) | P

: gm s e >

e neighie, “PS) with the cysteine of

mlgkerat'n molecule.
[he e 2"

e tumber of disulphide i1 Hai fovy
' (85)
;
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li:flln h depends upen the number of disulph
eratm whether your hair is curly, wavy of
C@fgs_;the hair te appear straight in certain
Slrmg]u hair can change their hair to force it Iinto curly s
ﬂtee:chemicany forcing the making of strong disulphide
kforau time, because the new hair grows in. which s Stre

3.1 Shapes of Molecules
Why do molecules possess definite shapes
the shape of water angular? The answers of these
found in the VSEPR theory. Chemists
bond angle and molecular shape are very imp
physical and chemical propertics of substan
bond energy and density etc. are strong
arrangement of aloms in space
the help of «spall-and-stick”” models.

represents the bond pair.

3.1.1 valenc :
In 1940, the Sidgwick and Powel pointed out that the

shapes of molecules can ‘be' explained by the
arrangement of electron pairs 1M the valence shell
(outer most shell) of central atom. The atom in the
present at the terminal in the
.o molecule is called central atom.
m 1957, Gillespie and Nylholm proposed
,ronounced as “vesper”) theory. It explains
. bond angles of molecules and ions in
{ the electrostatic repulsion between electron
e‘ﬂ;pulsicm between the negative charges of
o i airs.awund the central atom determines the

elcéﬁon P

e Of the mo
os by the position

tecule but we name the shape of
ofthe atoms.
(88)

bonds, the curlier the hair. The fewer the numbes of disulphide bonds, the t‘imightef )
de bonds between cysteine molecu[eé
straight. A disulphide bonds 1imbal an ¢
areas and curly in otherareas. People wihl
tate by using chemicals. |
honds. The waves do not i

iioht. and only the ends cm‘ly,*

¥
A -
-

9 Why is the sh

are interested in th
ortant concepts in chemistry. The

). The shapes of molecules can be best
The ball represents the atom an

i

ape of CO, linear? Whys
and many more questions can be
¢ shapes of molecules. Tt

cos such as melting point, boiling poird
ly influenced by the geometry (4

explainedwiii
d the stid

e Shell Electron Pair Repulsion (VSEPR) Theory

The shared pairof€
called bond pait Wl
unshared pair of el
called lone pair: W€
that the electrom® A
involved in making Wﬂ&
called bond pairs T
electrons thatare 190 TEg)
in making bonds w

lone pairs:
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) res (Postulates) :
| ,“ F Qﬂf::‘s of VSEPR theory are as tollows:
mmﬂ.ﬁg‘n pair geometry of molecules depends upon the number of electron

T hond pairs and lone pairs) present in the outermost shell ofcentral atom.
?‘!"sé ~omelry (shape) of molecules depends upon the number of bond pairs
i (in the outermost shell of central atom.

41 The electron pairs in the valence shell repel one another because they are
i

cqatively charged. | | |
sv-]” Electron Pai.rs‘around central atom are located at maximum distances where
epulsionis the minimum. |

S pRIEID) CCUPISS MOTCSPALE thana bond pair (bp)..="

i) REGUEED between electron pairs in valence shell decreases in the following

Ed lp—Ifp >> ip—bp > bp-bp

The repulsion between electron pairs in the valence shell may be called Van
ler Waals repulsion or exchange repulsion.
i) A multiple bond (double or triple bond) occupies more space than a singley_—~
uod. However these behave as a single electron pair bond for the purpose of
SEPR theory.
it} The shape of molecule will be regular. ifa molecule has only bond pairs.
m_g?shapg—nfmolecule will be irregular, if a molecule has some lone pairs of
iectrons.
| Thegeometry around an atom is described by the general formula:

| 'AB"",En

-

i a:m{l:m Ais central atom, B is a bonded atom, E is a lone pair, m i the number
'8 atoms around the central atom A and n is the number of lone pairs aro
Palgfom; L - fral slomix G L b P und/

g

1 Shapes of Molecules according to VSEPR Theory
b e & 4 = r
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Number | Numiber | Eleetron
. of Lene  Pair l
Paley Geometry |

3 5 I Irigonal |
planar |
e et [
! 4 4 0 | Tetrabedml ‘
|

4 3 ; 1 Tetrahedral

=

l !
: 4 2 2 ' Tetrahedral |
|

| Trgonal

5 3 0 bipyramidal
| [
| I

% 6 0 | Octahedral

|

|

Formula |

AlLE

AR,

AB;E

AB.E,

AB,

AB,

Moleenlar | oo ample
Geometry | -

Hent Sf.),
Tewahedral | CHy
Trigonnl NH
pyramidal ]

Bent H,0O
Trigonal o
bipryrssmidisl PCl

|
Octahedral | SF

Applications of VSEPR Theory
The shapes of regularandirregular molecules are discussed below:

i) :
A diatomic

angle

shape-

(8)

QS R

Shapeof Molecules having one Electron Pair (AB type)
: the geometric shape determined by twe
WW:HCLCO. Fouand N,
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Shape of Molecules having two

tron Pairs (: \B Y pl‘)

\Iolocules having two bond pairs and no lone
’

puir £

0x, S, H gCl,.

MgCl, has two bond pairs and minimize it's
repulsion by arranging bond pairs at an angle of
[§0°and thus assume linear geometry.

3) Shape of Molecules having Three

Electron Pairs
Such molecules are further divided into two

types:

1) Molecules having three bond pairs and no
lone pair (AB; type) give planar triangular
geometry. Their bond angles are of 120°.

- Examples are: BCI;, AICL;, SO, hydrides
ofgroup ITIA.

The molecular shape of BF, is triangular
planar because the triangle of boron atom and
the fluorine atoms all lie in the same plane.

lone pair (AB,E type) give distorted triangular
3hapes Their bond angles are less than 120",
plesare: SnCl,, PbCl. SO,.
As we know that the lone pair occupies

bond e Space than a bond pair, hence it pushes the
Pair closer to each other and cause

- TPression of angle between two bond pairs.

give linear geometry. Their bond angle
would be of 180", Examples are: BeCl,. CdCl,,

i} Molecules having two bond pairs and one -

/ o
P o
\

]
Figure 3.2: Linecar Geometry

12%}
o
© + ©

Figure 3,3; Planar Triangular Shape

ENEA
°<120° o

Figure 3.4: Distorted Triangular Shape

—
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Sz hSh&\pe of Molecules having Four Electron Pairs:
C | > - T .

@ molecules are further divided into three

l¥pes:

1 S o »

) Molecules having four bond pairs and

o lone pair( AB, type) uive tetrahedral

geometry with an angle of 109.5°, Examples JU
are: SiH,, CCl,, CH,. g

The methane molecule has four bend @
pairs which are directed from the center @
towards the corners of a regular tetrahedron, \_.!;I,J “KN—#/
These four bond pairs should be placed ) @

109.5° apart to give them a tetrahedral
geometry. At an angle of 109.5" the distance
between bond pairs is the maximum and

repulsion is minimuim. ‘
ii) Molecules in which central atom has three bond pairs and one lone pair (A8

type) give trigonal pyramidal shapes instead of tetrahedral shapes. Their bo
angles are less than 109.5". Examples are: NH, and NF,. |
n ammonia. the lone pair occupies more space than bond pairs. Thereid

i
2

Figure 3.5: Tetrahedral Shipe

three N—H bond pairs ar¢ pushed closer and the bond angle decreases from 1093

107" :

In NF,, fluorine is the most electronegative element. S0 N-F
polar than N-H. Therefore, lone pair exerts more repulsion on 4
NE,. Hence, bond angle further reducesto 1027,

more
pairs in

Ammaonia Nitrogen Trifluoride

Figure 3.6: Pyramidal Shape

(40)
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. o W
Oier examples are: PCl

l -\_\Ht' :
Fm Volecules 1 which central
g 1

pave WO bond pairs and two
Anms ‘

e s AB,E. type) give angular
heatshape, Their bond angles are
yje S'mstead of 109.5". Examples are:
f.0. H:8,8C1;, SeCl,.

In water molecule, the two lone pairs occupy more space than two bond

Figure 3,7: Angular Shape

s, As lone pair — lone pair repulsion is greater than lone pair — bond pair which in
i is greater than bond pair — bond pair. Hence, this forces the bond pairs closer
xther and reduces the bond angles to 104.5°. Therefore, the shape of water
miccule is bentor angular or V-shaped.

. ca S —

Lonceptual Check Point:

9,' Shape of Molecules having Five Electron Pairs ({\Bs type)'

Wleedles having five bond pairs and no lone pair give trangular bipyramidal
ey, The equatorial hond angles are 120" and axial bonds arc at right angles
w}mth"PI"“Te!.EXampl@satez PE;, PCL;, SbCly, ScCly.

o~

s _ , f
| Keepin mind |

The atoms lie at the comer of]
an equilateral triangle are
called equatorial atoms while
tl;e ator?s&?cboye and below the

ane o tnangle are called
gxial atoms. The bonds off
equatorial atoms are called
equatorisl  bonds while the
bonds of axial atoms are called

Figure 3.8: 'friangular
bi-pyramidal Geometry SR R

(31)
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6)  Shape of Molecules having Six Electron Pairs (ABg Type)
Molecules having six bond pairs give octahedral geometry with bond angle o,

4] - =
90" .Examples are: SF,. TeF,.
° L Keepin mipg B

o) o

o \ ° In octahedral moleey &

‘,m..( can not use the termg*

° ‘equatorial’ 3§ in frige

° bipyramidal molecule b
all the six handsy

° equivalent.

Figure 3.9: Octahedral Geomelry

Limitations of VSEPR Theory

This theory was failed to explain:

1)  The sharing ofelectrons in the valence shell.

ii) The paramagnetic nature of O, molecule.

i11) The shapes of moleculeshaving delocalized m-¢lectrons.

3.2 Resonance L of
The process in which two or more structures are written for a compound V%
differs only in the arrangement of electrons is called resonance. The dif
structures obtained are called resonance structures. Resonance stmctumz“
actual structures. They are hypothetical and exist only on paper. They are, e
cannot be prepared or isolated in the laboratory. The real or actual structu#®
hybrid of all the resonance structures. The resonance is represented by a 0%
headed arrow («—>).There are some molecules and polyatomic ions fior W3
no single Lewis structure can be written. Let us take the example of 0xyge™ e

in two allotropic forms; the dioxygen, O, , (oxygen molecule) and the trioye”
(omne) Ozone is present in larger amounts in the upper atmOSphepc
shields life on earth from harmful UV radiation from the sun. It is 21507
trace amounts in the lower atmosphere where it may damages plant and &
tissues. There are: two possible Lewig Stmctures“A” and “B” for Ozone ¥ whic? _,

/\ %xm\%w

.ﬂ:

Figure 3.10: Lers structures for Ozone
(92)
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The O - 0 single bond in O, should be longer than the O=0 double bond
hecause the double bonds should be shorter than single bonds. But experimental
«ce shows that the oxygen-10-oxygen bonds are equal in length (128 pm). This

eyider : : .
bond jength is shorter than the O — O single bond length of 148 pm1 in hydrogen

oxide, H - O — O — H, but it is longer than the double bond length of 12] plﬁ I
diatomic oxygen. O = O. Hence neither of the above structures can be correct. The

pond identity cannot be satisfactorily represented by any single structure and i
hecomes necessary 10 write more than one Lewis structures. To describe such
givations a cancept called resonance is used. The bonds in ozone are equivalent and
intermediate in strength and length between a double bond and a single bond. The

sonance structures of ozone are:

)

St TN

0
(1) (E
Figure 3.11: Resonance Struciures of Ozone

They both are identical. They have same number of electrons (18 electrons)
nd both have octets around all three oxygen atoms. Which resonance structure 15
womect? Neither structure accurately represents the structure of ozone. The actual
dncture 1s theéverage (hybrid) of these tWo Lewis structurcs. They both have
ciructure (hybrid structure) of ozone (structure “C”
to clarify this concept. A horse and a
the mule. The mule doesn't look or
butes of both. The resonance hybrid

form but is not identical to any one

“qual contributions to the real
Ivenabove). A common analogy might help
Mey may be crossbred to produce a hybrid,
?‘ha've-.exa(:'tly like either parent, yet it has atri
Tamolecule has properties of each resonance
Orm, :

o o Crealstructure is the hybrid of resonance forms.

3 e forms are not in equilibrium with each other.
SS0nange forms are not isomers. Resonance forms have different

rage ent of electrons Wwhile isomers have different arrangement of

™ eleetrons and atoms. In wilting resonance structures we are allowed 1o

~Z0¥electrons and not the atoms. i
(53)

|-
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3}-3}3 Theories of Covalent Bonding P
e PR theory explains the shapes of simple molecules but it does noy Cxpla
formation of chemical bond, There are two important quantun mechanic|
Which explain the concept of bond formation, bond enthalpies, bond lengs
shapes of molecules. These are valence bond theory (VBT) and mUlt’Cularo
theory (MOT). Neither theory completely explains all aspects ot'chemlcalw

-
-

They both help us to understand the observed properties of molecules.

3;3.1 Valence Bond Theory and Hybridization
Vilence Bond Theory (VBT)

This theory was first proposed by W. Heitler and Fritz London in 1927 andlagé
developed by Linus Pauling and J.C. Slater in 1931, This theory expj
bond formation (sharing of electrons), bond strength, and geometry Dfmoleculdi:
Main Points |
1) Covalent bonds are formed by overlapping of half- '
filled atomic orbitals.

1)  Asingle covalent bond is formed by the overlap of two
half-filled atomic orbitals,

1) A multiple bond (double or triple covalent bond) is
formed by the overlap of more than two half-filled atomic
orbitals. Overlapping means a common region of two
orbitals with high electron density.

iv) As aresult of overlapping, the electrons with opposite

spins paired up and become stable by releasing energy. d
v)  When they form a bond, the atomic orbitals maintain their identities, o |
outermost shell electrons lose their identities, ]

vi) Greater the overlapping, the stronger is the bond.
vii) The direction of bond is determined by the direction of the tyo ovetll
orbitals when other than s-orbital are involved.

Types of Overlapping and Nature of Covalent Bonds:

On the basis of overlapping oforbitals, covalent honds can be divided into
i ¢. Sigma bond and pi-bond,

i) Sigma bond (6—-bond)

A covalent bond formed by head to head or linear
which electron density is the maximum around the

{94)

e - l o i
verlap of two atomic O
boud axis) is called 818%

e ——
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(Sigma is the English word for the Greek letter, which corresponds to the English
letter ). Overlapping of s —s and s —p orbitals always form &— bonds but p- p may
form sigma bonds. It may also be tormed by overlapping of atomic-hybrid and

hybrid-hvbrid orbitals. All single covalent bonds are sigma bonds.

Types of Overlapping

s—s Overlapping (Formationof H,)

This type of overlapping takes place between half-filled s-orbitals of two atoms
along the bond axis. For example, consider the formation of H.molecule from two
hydrogen atoms. Each atom has the electronic conﬁguratioﬁ 1s' . The half-filled
atomic orbitals (15') of both H-atoms overlap to form a sigma bond. The electron
density is maximum between the two nucler.

‘brﬁ | ]’3;\'0

H+H—— H,
Figure 3,12 s-5 averlapping

p-p Overlapping (Formation of F,)

This type of overlap takes place between half-filled p-orbitals of the two atoms

- when they approach each other. The formation of fluorine. chlorine and bromine are

the common examples of this type of overlapping. Consider the bonding between
two fluorine atoms. The electronic configuration of each fuorine atom 1s 15%:26%
2p,1,2p,2, 2p,-- The F — F sigma bond is formed by overlap of half-filled p-p orbitals
of two fluorine atoms. The clectron density 1s maximum between two nuclei:

@@ - rd — Pdbea
: F+F——F
: Figure 3.13; p-p overlapping
§-p Overlapping (Formation of HF)
This type of overlap takes place between half-filled s-orbital of one atom and half-

filled p-orbital of another atom.

Figure 3. 14 s-p overlapping

(38)
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Consider the bonding betweeh d h‘}-dm'gcnwmom and g fuoriy ,
3 : P inc alom 15 187, 287, 2p.y a4 gy
electronic configuration of fluorine o e b'p'! ! py*’zpz:.'l’he-a-:.,‘
arbital (2Px) of fluorine atom OVETAP s o lld\‘ of ane hydtog" Uy
‘1)*0““ a g-bond. The other filled 25 and 2Zp orbitals of fluorine dg ot °ﬂ
bonding to the hydrogen.

mcime" )

Conceptual Check Point: 0= 2

How can you explain the bonding in Cl, and HCl with

A
el

ii)  PiBond (-bond) ~ .
The bond formed by sidewise or parallel overlap of two p-orbitals js »- B
Examples are: 0=0.N=N, CH,=CH, 5
This bond is named after the Greek letter . The overlap of
in pi bonds is not as good as in sigma bonds, and they are comesponds
P1 bonds are ofien found in molecqles with double or triple |
two p-orbitals are in one plane. In n-bond. molecular orbital (
region of electron density i.e. above and below the bond axis
single bonds are sigma bonds. A double bond consists of one
bond. andatriple bond consists of one sigma bond and two pi ban

Formation of O, Molecule

The electronic configuration of each
oxygen atom is 1s%, 2s*, 2p,. 2p..,
2. There are two half-filled p-
orbitals on each oxygen atom. Oxygen
has one sigma bond which is formed
by head to head overlap of 2p_orbitals.

It has one n-bond which is formed by

side to side overlap of 2p. orbitals.

The electron density is maximum above and below the bond axis.

Formation of N 2 Molecule
The electronic co

-
e
v Y LAs

ed p orbitals in
bond and two T-bonds, G-bond is
m-bonds are formed b

cach nitrogen atom. N, S il
formed by linear overlap of 2ps

Y parallel oyer ap of 2p, and 2p, orbitals:
(d6)
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LI

1t = hond

s asamas

a — homd

Figure .16 Orbital diagram of N, (N=N),
Table 3.2: Diffcrence between Sigma and Pi Bonds
Table 3.2: Llierence oct

(37
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ii?] The angle between the bonds.
1 The paramagnetism of O, molecule.

i‘:t‘l’;‘:ic Orbital Hybridization J.
31 Linus Pauling introduced the concepl
Characteristic geometrical shapes of p()lyaunnic - :

AlCI, and H,0 ete. He also explained the formation of m}llup‘cﬁb(}l}ds 10 Mok
such as CzH: and C,H,. According to him the atomic orbitals of different |
energy combine to form a new set of equivalent orbitals called hybrid orbiy
the phenomenon is known as hybridization.

Keep in Mind |
The number of hybrid orbitals formed is always equal to the number of aip
~ orbitals that are combined. ‘
& Thehybridized orbitals are always equivalent in energy and shape. ‘
® Hybridization is the mixing of at least two nonequivalent atomic orbitals |
~ example, s and p orbitals. Therefore, a hybrid orbital is not a pure atomic orbital,
. Trl_lbt: skllape of any hybrid orbital is different from the shapes of the original atm|
orbitals.
‘s The geometries are exactly as predicted by VSEPR theory.
e Hybridization takes place in an atom (usually the central atom) befors b
 formation, The concept of hybridization is not applied to iselated atoms,
_® Thehybridorbitals form stable bonds than the pure atomic orbitals.

of hybridization to Cxplay
molecules like CH, Ny, o

Types of Hybridization
There are three main types of orbital hybridization i.e. sp3, spz, sp depcndmgi
the number and nature of orbitals. They are as follows:

‘(fi) sp3-Hybridization (ii) sp’-Hybridization (iii) sp-Hybridization
N

sp’-Hybridization - 3
ha process of mixing of one s and three p-orbitals to give four identical .
;ﬂﬁ&s is called sp-hybridization. i :
" Eachsp -hybridized orbital has 25% s -character and 75% p-charsct
Examples are methane, water and ammonia,

Formation of Methane | }
i (;onsldc" the example of2 me§hane. In methane the ground sfat¢
~ _goyration of carbon (15, 25, 2py, 2p 1, 2p +) shows that the 25 ot 3
. o dtwo of the P']Oﬂtmals Ak hallf-t:jlled But how can carbon form four 4
- & valence electrons are already paired and only two unpaired elec™
F "f 2 able for sharing? To account for the four C_jg )lgonds in ?:emane, y

"7:1&@“5 is promoted from the lower-energy 25 orbital to the empty. hi
(88)
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2p mbital.l giving an exce ilc‘d—slu(c configuration ( ls:, 2 2P, 2Pyt 2p,i) which has
four unpaired c'“"""‘s' Now we have four orbitals, cach of which could overlap
with the 1s orbital of hydrogen atom to form a sigma bond. Experiment shOWwS,
powever, that the four C-H bonds in methane are identical. If excited-state carbon
yses two Kinds of orbitals for bonding, 2s and 2p, how can it form four equivalent
ponds? The p-orbitals are at right angles to each other, so three of the bond angl.CS
would be 90", and the position of the sigma bond formed by overlap with th?f 28
orbital is unclear. This is where hybndization comes in. For this reason, the four
valence orbitals of the carbon atom combine during the bonding process 10 form
four new, but equivalent, hybrid orbitals. In this case, one s-orbital and three P
orbitals are mixed to form four identical SpJ (pron()unced as “s-p-thl'CC") h)f'b“d
orhitals. Each hybrid orbital has one large lobe pointing in one direction and one

small lobe pointing in the opposite direction.

s-orbital

py-orbital p,-orbital %

N : :
Combine to form four sp’ hybeid orbatals

S

Figure 3.17
Tetrahedral geometry

In methane molecule, these
four sp'-hybrid orbitals of carbon
overlap with 1s half-filled orbitals of
four H-atoms to give four identic
C-H bonds. The four C-H bonds arg
sigma bonds and formed due to 5—5P o _

and Stick Modet

overlap Figure 3.18: Methan
: L Mo il
(99) lecule
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Covalent bonds made with sp'l hybrid orbitals arc often strong oneg. g
Crgy released on forming the four strong C-H bonds in CH, js Breage,
amount than the energy required to produce the excited state of carbon, Mctham X
tetrahedra shape with an angle of 109.5". The shape of methane is the Samg o
predicted by VSEPR theory.

Formation of Ammonia and Water |
Tl;e shapes of NH, and H,O molecules can be best explained with the hclp;
Sp —hybridization. In ammonia, the ground state electronic configuratioy,
nitrogen is 1s°, 2¢, 2px',2py’, 2pz’ having one filled 2s-orbital and three half.g I
2p- orbitals. Here one 2s and three 2p orbitals of nitrogen atom are
together and give four sp’ hybrid orbitals. One hybrid orbital is completely
while other three are partially filled. These three partially filled sp’ hybrid orbi 1
of nitrogen overlap with Is orbitals of three hydrogen atoms to form three N4
sigma bonds. The fourth sp® hybrid orbital that was already filled contains lonepit
of electrons and does not overlap with s-orbital of hydrogen atom. Recall thatii
repulsion between bond pair-lone pair electrons is greater than bond pair-bond pat
electrons. Thus, repulsion between the lone-pair electrons and electrons in i
bonding orbitals decreases the HNH bond angles from 109.5" to 107" and
molecule of NH,thus gets the trigonal pyramidal shape.

Similarly the oxygen atom in water has four sp® hybrid orbitals which i
formed by the overlapping of one 2s and three 2p arbitals, Two hybrid orbitals#
completely filled and two are half-filled. These two half-filled sp® hybrid ot

overlap with 1s orbitals of two hydrogen atoms and form two O-H sigma b
The actual angle between O-H bonds

in H,O has been experimentally
determined to be 104.5°. This decrease
in bond angle from the normal value
(109.5°) is due to repulsion between
two lone pairs and two bond pairs of
clectrons. The water molecule, o
angular or V-shape. Figure 3.19: Ammonia and Water Mole®®

(100)
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i) sp’-Hybridization
The Process af mixing of one « and
m‘l\llzﬂ\' iscalled 5P -h)"h! ldl/.‘mnn

. 2 . J
hach sp -h}'hnd orbital has 339, s-character and 67% p-character. Examples
are boron tri-fluoride and ethene.

Formation of Boron Tri-fluoride-

In BFymolecule, the ground state electronic configuration of central boron atom is
15", 25, 2py, 2pyes 2P1°: First we promote one of the lower energy 25 electrons to an
empty higher energy 2p-orbital g1ving an excited state electronic configuration |57,
%', 2p,1, 2py1, 2p,» in which boron has three unpaired electrons. These three orbitals
fone 25 and two 2p) having unpaired electrons are mixed together to produce three
sp” hybrid orbitals of same shape and energy. Note that one of the 2p orbitals of
boron remains un-hybridized and is unoccupied by the electrons. This un-
hybridized orbital will be important when we will discuss double bonds in the next
examples,

tWo p-orbitals to give three identical sp -hybrid

¥

Bzt
Unbybe: "2ed 6. cital

Figure 3 2¢);
Trigona) Planar

These three sp? hybrid orbitals of
%rou erlap with p-orbitals of three
::ﬁn‘ 4oms and form three sigma
bonds, T BF, molecule is planar
12 4l the FBF angles equal to

Bl Etometry of BF, is trigonal ‘”
Figure 3.21: B} molecule

(101)
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Formatiomof Ethylene
Consider the example of ethylene molecule, C,H, which has a C=C double bong
this case, three s.p2 hybrid orbitals ar¢ required, because each carbon atom is by
to three other atoms (one carbon and two hydrogen atoms) and there is no g
of electrons. As we know, the excited state electronic configuration of carbog g/
25, 2p,1,2p,1,2p,. In ethylenc, one 25 and two 2p orbitals of carbon atom are my,
together to give three sp” hybrid orbitals of same shape and energy. The remaj;
2p, orbital does not take part in the hybridization. In ethylene, each C-H g
bond is formed by overlap of sp’ hybrid orbitals on carbon with thels orbitl
each hydrogen atom, There is one sigma bond between two carbon atoms whi
formed by the overlap of two sp” hybrid orbitals, one on each carbon atom
one m-bond which is formed due to
overlap of un-hybridized p-orbital of
ohe carbon atom with the similar
orbital of the other carbon atom. All
six atoms in C,H, lie in the same plane.
Ethylene has trigclnal planar shape
with HCH and HCC bond angles of
approximately 120°. The carbon-

BER 5 Aescoise AP

el b Tt

carbon bond length is 134 pm an'd Bl A
carbon-hydrogen bond length is 2
108pm.

iii) sp-HybridiZItion
The process of mixing of one s and one p-orbital to give tWO identical 5P
orbitals1s called sp-hybridization.
Each sp orbital has 50% s-character and 50% p-character.
Examples are beryllium chloride and acetylene.

gormation of Beryllium Chloride

electronic configuration of Be is 1s°, 252,2pxo,2pyo»2pf“ ;

ound state o

(hatinits ground state Be does not form covalent bonds with C1beca!

- paired in the 2s orbital, Hence one of the 2s electrons is prom
arbital Therefore the excited state electronic configuration of B¢ is 19
2 .

(102)
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Now there are tWo Be orbitals available for bonding, the 2s and 2p.The
ww: and 2py) orbitals of Be are mixed together to give two sp hybrid
¢ 'ﬂﬁ" o new orbitals are identical in shape,

- A
4 S

p-ortital

y 4

—

Unhybndired orbitals

_ Figure 3.23: Linear Geometry
ning vacant 2p, and 2p, orbitals do not take part in hybridization.

ke ' "'orbltals of Be overlap with half-filled p orbitals of two chlorine
S 3”"0 Be-Cl sigma bonds. The bond angle between CHBe-Cl is

hy 5 with 1s half-
Wit drogen atom and
el bOnds, while the Figure 3.25: C, H, molecule

(103)
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other sp hybrid orbital of one carbon atom overlaps with sp hybrid Orbita]u(
other carbon atom to form C-C sigma bond. The remaining 2p, and 2p, Orbif
not take part in hybridization. They form two pi bonds between two carbgy
through sidewise overlapping. Acetylene has linear shape and bond angle j;
Acetylene (ethyne) molecule has three sigma bonds and two pi bonds
case of sigma bond the electron density is maximuim around the bond axis whi
case of pi bond the electron density is maximum above and below the bond ayig

Table 3.3: Nature of Bonds and Shapes of Hybrid Orbitals
—_— 2 VAN T DR

sp’ 109.5 | Tetrahedral 4 4 | :
sp’ 120° | Trigonal Planar 3 5 l Ethene
sp 180" |Linear 2 ] 3 ) ; Ethymj

- 33.2 Molecular Orbital Theory (MOT)

Valence bond theory provides an explanation of bonding in molecules and stad
of the covalent bond in terms of overlapping atomic orbitals. With the helf
hybridization we can explain molecular geometries predicted by the VSEPRIb
It also helps to explain bivalency of beryllium, trivalency of boron and tetraval
of carbon. Valence bond theory, however, fails to explain why O, is parami®
and N, is diamagnetic. It also fails to explain excited states of m olecules that!
molecules absorb light and give colours. This theory does not give an explanstd
the electronic spectra of molecules. It is not successful in determining the
of unpaired electrons in odd electron molecules like NO.

For this reason, in about 1932, a German physicist Friedrich Hund('
1996), and American chemist Robert Sanderson Mulliken

gave the concept of molecular orbital theory. The molecular
orbital model is more complex than the valence bond model
particularly for larger molecules, but magnetic and othc;
properties of molecules are some times better explained by
molecular orbital (MO) theory. Molecular orbjta] theory
concentrates on molecule as a whole rather | than
concentrating on individual atoms. A wyye
square gi\'t’n\ the pl'('lhilhllll}’ of l]n([ing an e

(104)
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siven rc‘giﬂﬂ ol spacc m an atom s called atomic orbital while a wave funetic
2 ; Y chion

hose gquare gIves the probability of finding an electron within a given region of
pace in a molecule is known as molecular orbital. Like atomic orbitals, ITYOECCLllar
orbitals have specific energy levels and specific shapes, and they can be occupied
by @ maximum of two electrons with opposite spins. The difference between a
molecular orbital and an atomic orbital is that an atomic orbital is associated with
only one atom while molecular orbitals spread over all the atoms in the molecule.
We may say that in an atomic orbital the electron is influenced by one nucleus while

in a molecular orbital it is influenced by two or more nuclei depending upon the

pumber of atoms in the molecule,

Main Points of MOT

i) The number of molecular orbitals formed is equa

For example, two atomic orbitals overlap and give two molecular
-bonding molecular

| to the number of combining

atomic orbitals.
orbitals. One is bonding molecular orbital and the other is anti

orbital.

i) Theoverlapped atomico
iii) The molecular orbital which has less energy than pa

bonding molecular orbital e.g. O, n-orbitals. . -
iv) The molecular orbital which has greater energy than parent atomic orbitals 1s

called anti-bonding molecular orbitals e.2. o, n -orbitals. The asterisk. which you

read as “star,” tells us that the molecularorbital 1s aqti—bpnding. |
v) The electron density in bonding molecular orbital is the maximum between the

nuclei of the bonded atoms while in ¢ase of anti-bonding molecular orbital the
¢lectron density is the minimum between the nuclei of the bonded atoms.
orbital has greater stability than the corresponding anti-

Vi) The bonding molecular :
+ bonding molecular orbital is lower in energy

rhitals do not maintain their identity.
rent atomic orbital is called

an its corresponding anti-bonding molecular orbital.

| rmed as atoms approach each other and their
 Homic orbitals overlap.
) Thelow energy molecular orbitals (bonding molecular orbitals).

i) The high energy molecular orbitals (anti-bonding molecular orbitals).
These two types of molecular orbitals are formed due to s-s and p-p overlap.

(103)
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§-8 OVerap
TWO Ypes of molecular orbitals are formed due to s-s overlap, one is a bondjy,
mo}ecular orbital at a lower energy than the original atomic orbitals. The other jg in';
antl-bo‘nding molecular orbital ata higher energy than the original atomig orbitaly

Consider the formation of H, molecule. Each hydrogen atom hy ong
electron in 1s orbital. Hence, two 1s' orbitals of two hydrogen atoms Overlap
Produce two molecular orbitals designated as @, and 0", The subscripys
indicate that the molecular orbital is formed from two 15 orbitals. The &, orbi
called bonding molecular orbital whereas ", (read “sigma-star-one-s") orbita| ;.
called anti-bonding molecular orbital. The electron density in a bonding moleculy
orbital is located between the nuclei of the bonded atoms because of which the
repulsion between the nuclei is very less while in case of an anti-bonding moleculy
orbital, most of the electron density is located away from the space between the
nuclei. This means that in this molecular orbital, the electrons spend little ﬂ
between the nuclei. Note that the energy of a bonding molecular orbital is less than
that of the separate atomic orbitals, whereas the energy of an anti-bonding orbitalfs?
higher. The total energy of two molecular orbitals remains the same as that of W

original atomic orbitals.

A
Node

‘ i@ Antl-bonding molecular orbital (),)
14 arbital of I orbital of o

Hydrogen Hydrogen
Bonding molecular orbitali )

Energy

Figure 3.26: Linear overlap of s-s orbitals -
[t is important to note that Is orbital of one atom can combine with 15 ot’oa:
of another atom but not with 2s orbital because of the higher energy of 2s orbi J

red to 1s orbital. Hence, the overlapping atomic orbitals must have ¢4*

o

compa . : :
approximately equal energy. Itis possible when atoms are different from ¢ach®

p Overlﬂl’

The situation ismore complex when the bonding involves p-orbitals. Two P‘OTU i
can form eithera sigma bond ora pi bond. There are two different ways in W0

(1) J
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achitals can combine (overlap).
ﬁ Linear overlap i) Paralleloverlap

One set of 2p orbitals (2px atomic orbitals) can overlap along the same axis
ive one bonding and one anti-bonding o-orbital (G, and & ;). These

5{0""{

(x-axis)lo & e
pitalshave eylindrical symmetry around the molecular axis.
0

oo™

Anti-bonding molecular orbital ()

L

Ty
Bonding molecular orbital i)

Figure 3.27: Linear overlap of 2p,-2p, orbitals

i atomic orbitals do not have the same symmetry then they will not combine. For
eiample, 2p, orbital of one atom can combine with 2p, orbital of the other atom but not
With the 2py ot 2, orbital due to their different symmetries. 2

The other two sets of 2p orbitals (2p, and 2p,) are perpéndicular to the x-axis,
ind they yil| overlap sidewise to give two bonding and two anti-bonding -

"b:“ﬂS.The T molecular orbitals that result from degenerate 2p, and 2p, atomic
itals are identical and have same energy and are said to be degenerate.

A Q '
. x +z mwsuzmw«i,n)

, &

@

ol 2p.ostia

Energy

Boading molecular orbytgl s, )
Figure 3.28: Parallel overlap of p,-p, orbitals

~ The
%“‘“Ihan Overlap of the two p-orbitals is normally greater i, a o-

ina - : i
T=molecular orbital, Hence sigma bonds 4re stronger th

I (107)
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Molecular Orbital Electronic Con figuration
The distribution of electrons among various molecular orbitals is ¢y, d
molecular orbital configuration. The method for determining the ¢jey,
configuration of a molecule is similar to that of the electronic configurayig,
atoms. To write the molecular orbital electronic configuration, we have to kg,
rules given below:

i) Each molecular orbital can accommodate a maximum of two electrons y
their spins in opposite direction (Pauli's Exclusion Principle).

i) The electrons are added to molecular orbitals in the order of increasing eneny
level (Aufbau Principle). We are concerned only with the ground-state electryy
configurations but not with the excited state. .

iii) If two or more same energy molecular orbitals are available then electr
prefer to occupy each molecular orbital singly before pairing begins (Hund's rule|
iv) The number of electrons in the molecular orbitals is equal to the sum ofallf
electrons on the bonding atoms.

The molecules are said to be diamagnetic if they have paired electrons inf
molecular orbitals (bonding and antibonding molecular orbitals) and they are st
to be paramagnetic if they have unpaired electrons in the molecular orbit
Paramagnetic substances are atiracted by a magnetic field whereas diamag“d
substances are slightly repelled by a magnetic field. Paramagnetic charact?
directly proportional to number of unpaired electrons in the molecular orbitals
increases as number of unpaired electrons increases.

Relative Energies of Molecular Orbitals
The relative energies of molecular orbitals are determined by spectmﬁ!
methods. The energy order formolecular orbitals is of two types:

i)  Energy orderforO, F,and their positive and negative ions is:

2 < ; =< = . ¢ b
0,,<0 155050 5 crm<(1'tzpy 1|;2m)«r.(1g2w=ﬂ29‘!)<0-sz

ii) Encrgy order for Liz, Be,, B,, C,and N, is:

Ul <O s <G$g G 25 (n')py %1)<02px<(‘n
Energy level diagrams are shown as:

(108)
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Encrgsy
Energy

Enesgy leved diagram for O, F. and their ions Eneryy level diagram for Liy, Bey, By, C;, N, sadd their sanx
SFE 3.29: Energy level diagrams for first and second period homo-nuclear diatomic molecules
s
~ The overlap of the two 2px atomic orbitals is greater than two 2py or 2pz
dizls, Because of this the bonding o, molecular orbital has lower energy than
| hi ilei Li,, Be,, B,, C, and
Hegenerate M,y and 7, molecular orbitals. While in case of Li,, Be,, B,, C;
ebonding Oy molecular orbital has higher energy than the degencrate ﬂZpyfaI;]d
*Mlecular orbitals, This U-turn is due to the overlap ofa2s orbital on ‘;r; of the
:18 with a 2p orbital on the other. Due to OVET lapping, the cnefrgy dl erence
SR ecreases
10, ang 0;,, molecular orbitals increases, where the energy 01 0,

| is rais uch an extent that it
M o_f O, Increases. The energy of Oy 18 raxscg t;c;ss
high eri“energy than Tt andnmmolecularor itals.

ll(),‘et
¢
‘:;lmbcr 0fbonds formed between two atoms by the overl
. Mdorg
gy CCT-

?c Molecules, it can be defined 85:
lhey Na1fof the difference between the

of ami‘bbndin gelectrons () is called bond order.
M%ﬂtically;

ap of atomic orbitals 1s

number of bonding electrons (n,) and

o
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Applications of MO Theory

<l

Olecular orbital theory is helpful to the exacl electronic configuration qf
molecules. In this class, we study the ground-state clectronic configy
homonuclear diatomic molecules (molecules having IWo 2loms of ghe
elements) The electronic configuration helps us to know the Propertjy

molecules,

Formation of H, Molecule:

The electronic configuration of hydrogen atom is Is'. Two Is' orbitals gf
hydrogen atoms overlap to produce two molecular orbitals (0, an@ a" ). Hylny
molecule has a total of two valence clectrons that are present in 6, moly
orbital. The ¢”,, orbital is empty. The molecular orbital electronic configuray
H, molecule is 6, 2. The relative energies of two 1s atomic orbitals and the mole

orbitals formed from them are shown by an
energy-level diagram (also termed as
molecular orbital diagram). Such diagrams
show the interacting atomic orbitals on the
left and right and the MOs in the middle. The

bond order of H, molecule can be calculated
as:

-n, 2-0
Bond Order of H,= Db 2—l= - =1

Hence one single covalent bond is
formed in H,. We, therefore, say that the H,
molecule is stable and can exist.

" Formation of He; (Hypothetical)

The electronic configuration of helium is 1s’,
Two g orbitals of two Helium atoms
combine to give one bonding (c,.) and one
anti bonding (0")) molecular orbital. A
hypothetical molecn:le has four electrons, two
in G, and tWo in 0", as shoxfm in the figure
331. The molccular' orbital electronic
configuration of heliumis 0, 250" 2.

. _fy=n, 21-2
gond Order of Hea==—=="

Energy

Energy

Oy ,
Figure 3.30: Molgculaf ot
diagram for Hz

01. 1b
Figure 3.31: Molecul®f 0 M
for Hypothetical e

—— -

Scanned with CamScanner



| T

Zero Value shows that this molecule is unstable and no bond would be

formed between two hellum atoms. Henee, it 1s mono-atomic molecule,

formation of N; Mnlcgulc (g R AL
The clectronic configuration of nitrogen atom is 1s°, 2s°, 2px 2Py ,sz'_ When two

pitrogen atoms approach one another to form N, molecule, only like orbitals on the
woatoms combine. The Is orbital of one atom combines with Is orbital of the other
stom and the 2s orbital of one atom combines with 2s orbital of the other atom. The
s orbital of one atom does not combine with the 2s orbital of the other atom,
because their energies are quite different. The two 2px orbitals that lie on the same
plane (internuclear axis) overlap head on and form o, and G 3, molecular orbitals.
The other two pairs of 2py and 2pz orbitals which are perpendicular to the x-axis
overlap sidewise and form two degenerate bonding molecular uri?itals (1t,,,, and
..t and two de g%{lerate anti-bonding molecularorbitals ( n'gm and T ,,,).

The molecular orbital
diagram of N, molecule is shown
m figure 3.32. Because of the 'T
absence of unpaired electrons in
the molecular orbitals, the
nitrogen is diamagnetic and is
very stable molecule. The
molecular orbital electronic
configuration of N, is:
:,"I Z:“’ > 2o <_°'.2s’ =Ton =
W szz‘<jt Zpyn'ﬁft 2pz°<:c’ 2px°

Since the inner shell
'..‘c.lcc"‘”‘s (K-shell) have no
Menificant effect on bonding,
hercfore, e Oz < G4 18
| ::qu""“y condensed as KK. Now
molﬁ::l’;ﬁguration of nitrogen
kl(q, Can.bewrittcnas:
'mmK;f S0 2 STy 2= T

ap orbitals

snergy

A Figure 3.32: Molecular orkhi '
¢ s i ular orbita) dig
=M 222 <0 2p® tor Ny moleeyle ‘

L (1if)
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N, molecule has eight bonding electrons and two anti-bonding elecy
therefore the bond order of nitrogen is:

— 11 8§—-2 _
Bond Order of N, = | - i = - 3
¥ -
The bond order of nitrogen molecule is three which shows that it forms ey

bond (N=N), one is sigma and two are pi-bonds.

Formation of O, Molecule
The electronic configuration of
oxygen atom is lsf, 25°, 2p,1, 2p,1,
2pzy. As 15" and 25 orbitals have no
significant effect on bonding,
therefore we will not discuss the
interactions of these orbitals. Each
oxygen atom has three p orbital.
One pair of p orbitals can combine
in head-to-head fashion to form one
bonding (0,,) and one anti-
bonding (6,,,) molecular orbital.
The other two pairs of p orbitals
combine in a sidewise manuer to
produce two bonding (m,, and
T,,,) and two a.nti-bonc.iing
molecular orbitals (7 2py and 1 2p2)"
The molecular orbital diagram of
0, molecule is shown in figure
3.33. Oxygen molecule has 16
electrons, the electronic
configuration of O, molecule is,
therefore: :
KK < 0'-252 = 0"252 = Oy < Topy? =
<T 55! = T 20!
Mapz F;gm ﬂ';c Eideiten . iy Figure 3.33:
e _ Olecular orbital diagram for O, 1%
configuration it1s clear that oxygen
molecule .has two unpaired
electrons in its tWO degenerater’,

Energy

aLpX

fecu |

e — -

(12)
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aﬂd““ orbitals and 1s, therefore, paramagnetic. In the molecular orbital diagram
\ p‘"‘ " ? ol e b y'e A . e - ’
eiﬂtl""e""ons occupy bonding orbitals and four electrons .'mu-lmndmg molecular
r{iml* so the bond order of O, molecule is:

D it ©

nh - nu

gond Order of 0,=

2
84
_T_z

A bond order of two indicates that there is double covalent bond in O,
molecule. One bond is sigma and other one is T-bond.

4 Bond characteristics
4.1 Bond Energy

average amount of energy needed to break all bonds in one mole of a gaseous
stance is called bond energy.
Itis also called bond enthalpy as it is a measure of enthalpy change (AH) at

%K. For example, the bond enthalpy for the bond in H, is the enthalpy change
r"‘ﬂ one mole of gaseous H. dissociates into hydrogen atoms.

H-H— 2H AH=+436kJ/mol
" This equation tells us that breaking the covalent bonds in | mole of gaseous
Lmolecules requires 436kJ of energy.

Thebond energy can also be defined as:

The amount of energy released when one mole of bonds are formed from
r'"mnem atoms 1s called bond cnergy.

Forexample, the bond energy for the formation of H, molecules is:

i S I AH =—436kJ/mol

on is an exothermic process. ;
o hmw value is positive, thereaction is endothermic.
"“ﬂuw value is negative, the reaction is exothermic. 3

the ‘&‘i unit of bond energy is kJ/mol or keal/mol. The bond energy is a measure
lity of molecule. The stability of a molecule is related to the strengths of
Hent b g The strength of a covalent bond between two atom, i

by the energy required to break the bond. The greater the bong nergy
(13) '

.
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the stronger the chemical bond and the stable is the l'j_mlgculx:. For g
hydrazine (N,H,) is highly reactive (unstable) whereas nitrogen (N,) is 5 o
molecule. Because nitrogen has a very strong nitrogen-nitrogen triple bond 1,
while hydrazine has a weak nitrogen-nitrogen single bond N—N).

Bond energies play an important role in thermochemistry. It hejp

explain the heat of chemical reactions. Fora chemical reaction, the enthalpy
can be written as:
AH = ZBE (reactants) + ZBE (Products)

Where, ¥ shows the sum of terms and BE shows the bond energy.
The enthalpy of the reaction,(AH), is the sum of energies needed u" break old iy

When one mole of hydrogen gas reacts with one mole of chlorine gas then?2 “
of HCI gas is formed.

H,+Cl, —— 2HCI AH=-1432kJ/mol

This reaction involves breaking one H-H and one C1-Cl bond and l'mf
two H—C1 bonds. The enthalpy change for this reaction is estimated as:

The amount of energy required tobreak H-Hbond =436 kJ/mol
The amount of energy required to break Cl-Clbond =242 kJ/mol
The sum of bond energies of H-H and C1-C1 =436k J/mol + 242k]J/mol = 67881
The amount of energy released when H-Cl bonds are formed = -432kJ/mel
The energy released when 2 moles of H-Cl bonds are formed =864 kJ/md!
AH for HC1 = EBE (reactants) + ZBE (products)

= (+678kJ/mol)+(-864k]/mol)

= —186kJ/mol

This is an example of an exothermic reaction. Inan exothermic '
energy required to break the bonds is less than the energy released to make
bonds. The excess energy is released as heat, Conversely, in an €
reaction, the energy required to break the bonds is more than the energy
make the new bonds. Energy is drawn in from the surroundings to ¢
reaction.

)
i

(Il4)

Scanned with CamScanner



L ;l‘ll)l' | ln.'ligp.\,-’._{!._!a‘lnul)

[

factors Affecting Bond Energy

am‘“"egaﬁvity (E.N) Difference
Sreater the clectronegativity difference of the bonded atoms, greater would be the

“Menergy, For example, the bond energies for HF, HCI, HBr, and Hl are 565, 432,
366aﬂdZS)S)k,ymo] respectively. The bond energies of hydrogen halides decrease in
fouo""ing order;
HF > HC] = HBr > HI
Wil a:;” th':ishetst value of bond energy of HF is due the greatest EN difference
lowest value of bond energy of Hl is due to the smallest E.N difference

‘ tiplleBonds

bw e of multiple bonds (= or =) are greater than single bond. For ex

' metgy piie - . ample’
of nitrogen-nitrogen single bond (N-N), double bond (N:N)

(15) S
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triple bond (N=N) s 160, 418, and 941 k}/mol, respectively. It Shows that the
bond is stronger than the double bond, which in turn is SUONEEY than the single b,
Bond Length |
Shorter the bond length, greater will be the Table 3.5: The Relation between
bo : ’ Length and Bond Energy

nd energy and vice versa. = 2

As the number of bonds between the

carbon atoms increases, the bond length | 154
decreases and the bond enthalpy increase. 133
That is, the carbon atoms are held more 90 =
closely and more tightly together. - —
Atomic Size

Greater the size of bonded atoms, greater would be the bond length, hence
will be the bond energy and vice versa. For example, the bond energy
1(151kJmol ™) is smaller than that of C1,(243kJmol™"). This s because the | It
length is larger than Cl - Cl bond length.

3.4.2 Bond Length y
The distance between the nuclei of two covalently bonded atoms is called b
length. It is also known as bond distance. Bond lengths can experimentally
determined by using the physical techniques such as, electron diffraction, X
diffraction, and spectral studies. In many cases, bond lengths for single o
bonds in compounds can be roughly predicted from covalent radii. Hence, ﬁ_‘
length can be estimated as the sum of the covalent radii of the two atoms.
example, becausc the covalent radius of hydrogen is 37pm (one halfthe bond

_ Hie Lx74=37) and that of chlorine i b
GF L e orine 18 99pm which 1s oné

the bond length (198pm), therefore the H-Cl bond length in hydrochlol‘ic o
approximatcly 136pm (37pm + 99pn} = 136pm).The actual value ofhond el S“
HClis 127pm. T;w bor}d llen gth OImele bond is shorter than double bond ¥
turn is shorter than single covalent bond. As the | -
pumber of bonds (bond ordr) between two atoms " ke b o
increases, the bonds length decreases. For example, muinple S0T

the average bond lengths for carbon-carbon single, [rlc=ganle
double and triple bonds are given here in the [ e=g | 12
taole st - ese

(II6)
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The values of average bond lengths help us:

To provide the clue to the type of bqnding present,
To understand resonance structures in molecules like ozone.
Table 3.7:  Average Bond Lengths (pm)

i)

Factors Affecting Bond Length

he bond length increase ng atomic size and vice versa. For example,

s more than Br - Br (228 pm).
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So orderof bond length will be:
HF <HCl<HBr<HI

Type of Hybridization :

Greater the s-orbital character in the hybrid orbital, shorter will be bond length,ﬁ
example, the carbon-carbon bond distances in cthane, ethene and Cthyf‘e are [{
133 and 120 pm respectively, because ethane, ethene and ethyne have sp’, sp’ g
hybridization respectively. The bond length also reduces due to the presence
bonds in ethene and ethyne.

3.43 Electronegativity (E.N)
The measure of the ability of an atom in a molecule to attract the bonding elecry
(shared electrons) to itselfis called electronegativity.

The electronegativity of elements decreases from top to bottom in a groy
periodic table due to increase in atomic size. Itincreases from left to right inapen
of periodic table due to decrease in atomic size.

[ | Table 3.8: The Pauling Electronegativity Values i
u | se o | c [INGouie
Na | Mg M| st | e fs J
wrd] e === | 1.61 | 1.50 | 215 | 258 (38 -
K oo |se | m | v |C Mn|r || mwm|o||e| ce | s |selich
082 | 1.00 | 135 150 163 160 155 | 183 | 188 | 151 | 190 | 165 | 160 | 180 | 218 | 255 2
[ :

b [ se | v |z fwe ool (Rl Rl rd A | m | s s |l
0.2 [09s | 122 | 133 [ 160 | 236 | 190 | 220 | 228 | 220 | 1.93 | 169 | 178 | 196 | 203 | 210 B
(cs | 8a | W W B W R 0|y Ay il
079 | 008 | 127 | 130 150 | 236 | 180 | 220 | 230 | 254 e
fr | Ra | Lr | RE | Db | Sg | Bh | Hs | wn
orolosm|r1m0| = | = | = | = | — | _ ‘

Ls | Co | Pe | Nd | Pm |

A AT

Aeimib | Uit manln il

The elements with high electronegagi
bonding electrons more strongly than the ¢]
clectroncgativity values,

Vity values, such as fluorin®: ",
ements such as sodium that b
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huw cqllé‘“," O1 ulqulI:!'I_\' the clectron. s are f»ll.llk'(l) m & covalent bond 1s Known a
pond polartty- . ‘
' olves the sharing of at least one pair of electrons between two

A covalen! bond Inv
Inamolecule like Hy, in which the atoms are identical, the bonding electrons

_That is, the electrons spend the same amount of time in the
of each atom. We can say that the electron pair is situated exactly between
cal nuclei. The bond so formed is called non-polar covalent bond or
lar bond. But when the two atoms are of different elements, the
are not shared equally. That s, the bonding electrons spend more
than the other. For example, in the case of the HCl molecule, the
more time near the chlorine atom than the hydrogen atom.

f the bonding electron pair results in a relatively greater

atom and a correspondingly lower electron
is a polar covalent bond (or

a
vicinity ;
he WO identi
simply non-po
sonding electrons
jme near one atom
sonding electrons spend
(his “unequal sharing” 0
Jectron density near the chlorine
lensity near hydrogen. The resultant covalent bond

valent bond as intermediate between a
felectrons is exactly equal), as in H,, and
tron(s) is nearly complete), as in NaCl.
ply an cxtreme example of a polar
tivity to estimate whether a

You can consider the polar co
anpolar covalent bord (where sharing 0
1 ionic bond (where transfer of the elec
rom this point of view, an jonic bond is sim
walent bond. We use a quantity called electronega
venbondisnonpolar covalent, polar covalent, O 1O8IE:

Electronegativity is used 10 prt_:dici nature of bond. But predictions may not
ways be correct because there is 0O clear-cut division between ionic bond and
"“mvalen!bond, 'I'he.clactmncgaﬁvity difference of two bonded atoms predicts
¢ nature of bond or bond polarity. The greater the difference between the
m""‘satmty values of the bonding atoms, the greater would be the bond
larity and the stronger will be the bond. The electronegativity difference between

(119)
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tWo bonding atoms is often represented by the symbol AEN, where EN ig asy

for electronegativity and A is the Greek letter delta W hich means “differeng »
clectronegativity difference (AEN) is determined by subtracting the
electronegativity value from the larger. When AEN is zero, the bond will be,
covalent bond (100 % covalent), When the electronegativity difference in g
1.8 or greater, the bond will be ionic. Ifthe AEN is from 0.5to | .6, the bond willl
polar covalent bond. When the AEN is below 0.5, the bond is normally classifigg
a covalent bond, with little or no polarity. If AEN is equal to ] -7 the bond will
50% covalent character and 50% ionic character.

3.4.5 Dipole Moment

Dipole moment is the measure of polarity of the bond in a covalently bod
molecule. We can say that the polarity of a molecule can be '
experimentally by measuring its permanent dipole moment. The greater m
moment, the greater is the polarity of molecule. The molecule is considered as
polar when its dipole moment is zero. We know that polar covalent bonds i
between atoms of different electronegativity. In the HCl molecule, the chia
atom is more clectronegative than hydrogen, and the chlorine atom thus attracts!
electrons towards itself. As a consequence, the electrons are displaced towart!
more electronegative chlorine atom and it gets partial negative charge (&) Ond
other hand. the less electronegative hydrogen atom attains partial positive

(8"). The molecule such as HCI which has a

partial negative charge at one end and partial Q+ id
positive charge at the other end is said to be @ p=Q+r _‘
1 % /!

polar.
Dipole moment is defined as:

The product of electric charge on either end of a polar
bond and the distance between the charges is called dipole
moment. It is shown by p(mu).

Mathematically,
Dipole moment = Charge x distance
K = e & Al

Where Q is charge and r is distance. Q refers only to

the magnitude of the chargc and not to its sign, so is always

sitive. Dipole momentis usually measured in debye units
(D) (pronounced as duh-bye), named for the Duytch-
American chemist and physicist Peter Debye. In SI units,
dipole moments are measured in coulomb-meterg (C.m).
(120)
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‘51-‘} ID=334x10 “C.m
% The dipole moment of water is 1.85D and that of ammonia is 1.47D. The
% Jarger value for the dipole moment of water means that water is more polar than
*4  ammonia. The dipole moment is a vector quantity which has both magnitude and
l?‘l direction. The direction of dipole moment is from positive toward negative. We
‘_"lf often represent the dipole using an arrow with a cross at one end () to indicate
_'5 the direction of electron displacement. The point of the arrow represents the
Il pegative end of the dipole (&) and the crossed end (which looks like a plus sign)
represents the positive end (87). The length of arrow shows magnitude and its head
shows direction.
Diatomic molecules containing atoms of different elements (for example,
HE, HCl, HBr, HI, CO, and NO) have dipole moments and are called polar
molecules. Diatomic molecules containing atoms of the same element (for
example, H,, O,, N,, F, and Cl,) do not have dipole moments and are called
nonpolar molecules. For a molecule made up of thre¢ or more atoms, both the
; polarity of the bonds and the molecular geometry determine whether there is a
¢ dipole moment. Even if polar bonds are present, the molecule will not necessarily
» have a dipole moment. It is noted that if a molecule is polyatomic and has two or
¢ more dipoles, then net dipole moment is the vector sum of individual bond
moments. An example is the CO, molecule, which is a linear molecule. In this case

' the opposing bond polarities cancel out, and the carbon dioxide molecule does not
¢ There are many cases besides that of carbon dioxide where
me common types of

Lo — T -

S L

| have a dipole momen
the bond polarities oppose and exactly cancel each other. So
molecules with polar bon
CCl,.

~ Example 3.1
Calculate the dipole moment, in Debye unit, of a hypothetical 100 % ionic

molecule where unit positive and unit negative charges are ata distance of 1A,

The charge on the cither ends of themolecule s 1.60x 10°C. _
\o\\; ¢ el

ds but no dipole moment are CS,, 8O,, CH,, SiH, and

b
|
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X

H=Qxr
Therefore,

Dipole moment of the hypothetical molecule = 1.60% 1077 Cx 107"y

= 1.60x10%”Cm
ID =3.34%10C.m

Since,

1.60% 107 C.m i
 Hence, § =334 x 0 Cmp
Applications of Dipole Moment ¢ |
Dipole moment can be used to determine:

i) Percentage ionic character ii) Geometries of molecules.
i) Percentage Ionic Character:
It is defined as:

The observed dipole moment divided by ionic dipole moment |

answer is multiplied by 1001s called %age ionic character.

j e Observed dipole moment _ .,
Yeage ionic Characlet == yonjc dipole moment g

94age ionic character of some molecules is:
HF = 43%, HCl=17%, HBr= 12%, Hl=5%
[t decreases by decreasing dipole moment. If dipole moment is Ze1 %

pond 18 100% covalent.

Example 3.2

The observed dipole moment of HCl is 1.03D and the distance b
atoms (bond {ength) is 127pm. Find the percentage ionic character ¢

bond?

solution:

Observed dipole moment of HCl=p,,=1.03D

Distance between Hand Clatoms=r=127x 10" "m=1.27X 10"0'“@:&# !
when HC] s 100 1onic, then the charge on each atom (Q) is the elec :
anditis equalto ] 60x10°C. ’

The ionic dipole moment can be calculated as:

| opic dipole moment =(1.60 x107™°C)x(1.27 x 10°m) =2
» 2.03x10¥Cm D

o P | 4--..'.6.08
[onic d1P° 3.34x107°C./D

122) ‘
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e moment in Debye unit =




¢ character of HCI can be calculated by dividing the

entage ioni : |
e ith ionic dipole moment and the answer is multiplied

dipole moment w
° 1.03D 2
Ltgmyioniccmacter of HCI = 608D % 100% =16.9%
per @ :
/;;meMes of Molecules .
1l1|ed'polc moment helps to determine the geometries of molecules.
|
Geometries of Diatomic Melecules: | —
Th gwmetty‘:)f diatomic molecules is always linear whether they are polar or non
¢
o Table 3.9: Dipole Moments and Geometrics of Some Diatomic Molecules
Polar |  Linear
Polie: | |-, Jagesr - |

e B S0 — ent because the elcctroneg.anv; ¥
The HF molecule has dipole mor (2.1). Thus fluorine attains partial

fmorme (3.98) is greater tl'l?‘ﬂsﬂ;:trﬁal positive charge and HF molc:.cullc becomets

iegative and hydrogen attain - molecules non-polar and has no dipole momcn[i

P]::ﬂ.Ond)eotherhand h)’:fg‘;og on atoms share electrons equally and no bon

$ is because the two hy
Plarity occurs.
Geometries of Triatomic Molecules gular geometry, it can be decided with

s inear or an :
Eﬁﬁhaa triatomic molecule has lin ... linear molecules have no dipole moment,
"€ help of dipole moment. Triatom:

208e the bond ts of the tWO polar bonds are equal and opposite. They
: € bond momen

| : example,
;ﬂce(l::i:;:g‘:;; Zg::c; :ﬂ::")-li;:le with polar covalent bonds. The shape of CO,

™oleculeis Jinear. It has two dipoles: They are equal and have opposite directions,
% tey cancel the effect of cach other. Therefore, the dipole moment of
| (123)

|
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CO: IS zero. Although carbon dioxide has
relatively strong polar covalent bonds, CO, isa
nonpolar molecule. On the other hand, if the
CO, molecule were bent, the two bond
moments would partially reinforce each other,

S0 that the molecule would have a dipole
moment.

Bond dipoles

Figure 3.34:
Geometry of €O,
Molecule

Keep in Mind

You can think of two groups (say one group belongs to first year and the J
other belongs to second year) of students in a tug-of-war. The first year
students are at one end of the rope and the second year students are at the
other end. Each group pulls the rope towards itself, There is no
movement, because each group pulls on the rope with the same forcebut |

ii) Consider the water molecule which has
two polar O-H bonds. The bond dipoles point
from the hydrogen atoms toward the more
electronegative oxygen. They are equal but do
not have opposite  directions. So they do not
cancel the effect of each other. This is due to
non-linear geometry of H;O. The shape of H,0
is bent or angular. Because of its bent shape, the
water molecule as a whole has a negative pole
and a positive pole. If the H,0 molecule were
linear, the dipole moment would be zero,
gjmilarly, geometries of H.S and SO, are also

Geometrles of Symmetrical Molecyles

The s

molec

e oments cancel effectofone anothey:
bon

(124)

\in the opposite direction. Hence, the net force is zero, ¢

mmetrical triangular planar molecules (BF, A|C]. and SO.) and!
yules (CH,, SiH, and CCL,) have zero dipoje : 3 3

Bond dipoles

Net dipoie®
of water B

Figure 3.35:
Geometry of Watef
Molecule

moments. [n these mol

4
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u=0 p=0
Boron Tnﬂuondc Carbon
{Non-polar) Tetrachloride
(Non-polar)

Figure 3.36: Geometries of symmetrical polyatomic molecules
Some Polyatomic Molecules

ipole Moments and Geometries of

y o Pl.ysleal and Chemical Properue,
ies such as meltmg point, boiling point, density, colour,
- and chemical properties such as reactiy:
: depcndon the nature of bond present i them

Scanned with CamScanner



3.5.1 Solubility of lonic and Covalent Compounds

Solubility IS @ measure of the amount of a solute that will dissolve in a Soly

SPeCific temperature, For example, 36g of sodium chloride will dissolve i, 1
Walter at 20°C.

Wesay then that the solubility of NaClin water is 36g/1 00g ofHg,
20°C, Why some compounds such as sodium chloride and suga.r are readily
in water while others, such as marble, sand and gold are insoluble in
Solubility is complex matter, and it is not always possible to make wo:
predictions. Solubility involves many factors but we will discuss only one fae, .
this topic. The saying “like dissolves like” helps in predicting the SOIUbilityw
substance in g solvent. What this expression means is that two Substanges i
intermolecular forces of similar type and magnitude are likely to be soluble i o
other. For example, both carbon tetrachloride (CCl,) and benzene (CeHy) are e,
polar liquids. The only’ intermolecular forces present in these substances
0 liquids are mixed, they readily dissy
between CCl, and C.H, mole
een CCl, molecules and between Cj

50 )

London dispersion forces. When these tw
cach other, because the attraction
comparable in magnitude to that betw

in

e R ,,'A{“
I 1 B 1 o S, =

i
22

4o S

3.5.2 Reactions of lonic ang Covalen Sevay el
The reactions of covalent compoyy, s mt ComPOun ds

breakingand formation of bondg whe uch slow, because they involve

c Teas the regct; S '
fast, because their ions are already Separateq i‘ftlons ofionic compounds 8

bonds. #1410 energy is needed to bredk!
(128)

_
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353 Directional and Non-directional Nature of lonic and

Covalent Bonds
[onic bonds are non-direct ional and they do not show the phenomenon of isomerism

while covalent bonds are directional and they show the process of isomerism.

compounds having same molecular formula but different structures are
:ileed isomers and the phemomenon is called isomerism. The covalent

compound butane (C4H,,) has two isomersi.e. n-butane and iso-butane.
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EEE 4 s
This theory is particularly useful for explain
of oxygen molecule and other substances. :

> The bond order is the half of the difference between the number of elgg n -,
i1 bonding MOs and the number of electrons in antibonding MOs_ A b
order of one corresponds to asingle hond: two corresponds to a double by,
and so forth. Bond orders can be fractional numbers. "

> The distribution of electrons into molecular orbitals takes place accordmz il
Aufbau principle, Pauli's exclusion principle, and Hund's rule. )

» A covalent bond in which the electron pair is not shared equally by the
bonded atoms is called polar covalent bond whereas a covalent bond
which the electron pair is shared equally by the two atoms is called ng
polar covalent bond. .

»  Thebond energy (bond enthalpy) is defined as the average amount of enegg
needed to make or break all bonds in one mole of a substance. Energy
released when a bond is formed, and energy is absorbed when a bond
broken. b

> The distance between the nuclei of two covalently bonded atoms is called

bond distance or bond length. Bond length depends on bond order; as’ I
bond order increases, the bond length decreases.

» Electronegativity is a measure of the ability of an atom to attract bondpll!
electrons towards itself in a molecule. Fluorine is the most electronegati¥

element whereas the cesium is the least clectronegative elemeni\ h

periodic table. Electmneganwty values range from 0.7 for Cs to 4.0 forl
The difference in the electronegativity of bonded atoms can be i
determine the polanty of a bond. The greater the electrone

d,ﬁ‘enence between two atoms in a Chenucal bond, the more polar he bof
St thc more mmc 1ts charactcr i

ing the paramagnetic ch

/ uza}
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Four answers are given for each question. Select the correct one.

S i) Which bond is formed first between two atoms?
(a) Sigma bond (b} Pi-bond
(¢) Double bond (d) Triple bond
1) Molecules having four bond pairs and no lone pair give
geometry:
(a) Trigonal (b) Tetrahedral
(c) Octahedral (d) Triangular
i) Which ofthe following compounds has lincar shape?
(a) CO, (b) CS, (¢) BeCl, (d) Allofthem
iv) Which ofthe following molecules show sp hybridization?
(a) NH, (b) AICI, (c¢) MgCl, (d) BeH,
v) Which one of the following compounds is polar?
(a) H, (b) CH,
() CCl, (d) CHCI,
vi) The s-characterin each sp -hybrid orbital 1s:
(@ 25% (b) 33% (c) 50%  (d) Noneofthese
vii) How many lone pairs of ¢lectrons are there in NH,?
(a) 4 (b) 3 (c) 2 (d) 1
vii)Which one of the following atoms is the second most
clectronegative atom?
(a) Nitrogen (b) Fluorine
(c) Chlorine (d) Oxygen
ix) Bond length of C=C is:
(a) 120pm (b) I33pm (c) 154pm (d) None of these
X} Acetylene molecule has:
(a) Onesigmaandone pi-bond
(b) One sigma and two pi-bonds
() Two sigma and two pi-bonds
- (d) Threesigmaand two pi-bonds
32, Fillin the blanks with suitable words given in the brackets:
1) Resonancestructuresare _ stroctures, (Real‘hypothetical)
i) The carbon-carbon  bond length is shorter than carbon-
carbon bond. (Single/double)
(129)
[

Scanned with CamScanner



Scanned with CamScanner




ngF,andA Cly have planar triangular geometrics while

FNH and PCL lmve triangular pyramidal geometries, as
' mﬁlec;des. ccntral atom is bonded with three other

”nmsm lhe bnsusof‘VS}IPR theory.
owing syectes usmg,the' SEPR theory:

'! \( A o
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Q.29.
Q.30.
Q31
Q.32.

Q.33.

Q.34.
Q.35.

Q.36.
Q.37.

Q.38.

Q39 .
Q.40.

Q.41

C How molecular orhik 1 Hheory IS

5. How \u-ukl
26, What :slmmlnn‘la‘l"

7. Do all the sigma mol

supenor to VSEPR ll]tl\'[“he
you d; tneuish  between bonding and aitj

bond orderof H,, O.. ’\l mnd N,
ccul 1] orbitals result from the averlap of

orbitals? i

28, Explain the following with reasons:

(i) The molecule of hydrogen (H,) is stable and that °ﬂ|el~'

is unstable. 1
(i) N,isdiamagnetic whereas 0, molecule is paramagnetic.

(1ii) The bond energy of N, is greater than O,

(iv) Thebondorderof O, is less than Q5.
(v) According to MOT the Be, molecule does not exist.

What is the difference between atomic and molecularorbital?
Distinguish between diamagnetic and paramagnetic substances,
Draw the molecular orbital diagrams of He,. C., F, and Ne,mo cul
Define bond energy. Deseribe in general how the hond energy 0
elements changes across a period and down the group.
Explain why bond breaking is always endothermic and bond o
always exothermic?

Explain how we canuse bond encrgies to estimate the heatofr
Estimate the enthalpy change for the combustion of hy drogen 5%
2H7[g) + O’(S) = 2H20(g) .
Define bond length. Describe the various factors thataffect bonds
What is the relationship between bond order and bondleﬂg‘h i
with an example.

What 1s electronegativity? Discuss general trends of 8193“0
the penochc table. | A

-

Polar COV alem bonds are stronger than ncms-polarsm’iﬂ"mt of
Classify the following bonds as covalent, polar covalett &5
justify vour answer: 3
(a) Thebondin H, (b) The bond in HC]
{¢) Thebond in NaCl

(132)
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Q.43

Q.44

=
N

Q.42

. How dipole moment helps us to find the ge
. Although the bond in beryllium hydride (Be

The electronegatvigy dtTeren

ce oFtwo bonded atoms helps us to predict
the natare ol bond, haw?

With the help ol periodic lable, predict which atom in each pair has the
smatler values ol'c]cclmncgmi\'u};;

@ N.O  (b) K.Ca (©) C,Si  (d) Na.K

Define dipole Moment,
moment? Explain the pe|
geomeltry,

What are the units and symbol for dipole
ationship hetween dj pole momentand molecular

How can we calculate the %age ionie character with the help of dipole
mament?

ometry of molecules?

dipole moment of the moleculeis zero. Explain,

- CO. and H,0 are triatomig molecules; the shape of C'O, is linear while

that of 4 »Oisangular, How are theirshapes differen?

+ Amange the molecules in order of increasing dipole moment: HF, H,0,

HL.NH,, CO, and H.S.

- The dipole moment of HF 15 1.82 D and the bond length is 92 pm.

Caleulate the percent ionic character of the 1 — F bond. The unit positive

O negative charge is 1.60x10"°C. Is HE more ionic or less ionic thap
HC1?

- Calculate the dipole moment, in Debye. of HCl molecyle., The bong

length in the HCI molecule is 127pm and the charge on each atom i
1.60x10 "¢

+ CIF gas is inter-halogen compound (the compound which has bonds

between different halogen atoms). The bond Iel.lgth of lhe‘mole'cyle is
163pm and the dipole moment of the molecule is 0.88D. Calculate the
Unit charge on the atom that has partial positive charge.

- Separate those molecules, from the molecules given below, which have

diDOIC-Inomenathual tozero: 2

(i) HBr (i) Cl, (iif) SO, (fV), CH, (v) *fzo
WS,  (viiyc,H, (viii) CHCI,  (ix) NH, ) SH,
What s the me aning of the expression “like dissolves like™? Explain wig,
suilableexamplcs.

(133)
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