Shapes of Molecules
Rumunu

Theories of Covalent Bonding
Hondmg( haracteristics

hﬂcus uf andnm on Ph\'\l\.dl dlld C hunu.'1| Properties

The students willbe ableto: )
L]

Use VSEPR and VBT theories to describe the shapes of simple covalent moleall
(Applving) -

Describe the features of sigma and pi bonds. (Understanding)
Describe the shapes of simple molecules using orbital hybridization. (4p

Determine the shapes of some molecules from the number of bondadpans_m i
pairs of electrons around the central atom. {Analvzing)

® Define bond encrgies and explain how they can be used to. compmhon_d,
of different chemical bonds, (Analyzing)
Predict the molecular polarity from the shapes of molecules. (Applﬂhg) -
Desceribe how knowledge of molecular polarity can be used to
physical and chemical properties of molecules, (4 nalvzing) |
® Describe the change in bond lengths of hetero-nuclear molecules dﬁ"f
in electronegatvity values ofbonded atoms, ¢ Understanding]
® Describe the difference among molecular network and mcml
(Linder wianding) |
@ [xplain what is meant by the term ionic character of @ cov
(Understanding)

Introduction ncm
Why do bwo OXY8 gen atoms combine and give an O, molecule while wo

stay apart from cach other and do not give a Ne, molecule? Why do s
combine W hile certain others do not? Certainly there must be sOme

} zlds WO oxygen atoms lm.clhur : forces of attraction \lhl‘—h h
101U:
(84)
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If s the naturdl tendency of an

- M A v,
element to be stabilized. [f there are two or
bt clectrons i the outermost shell

of an atom then this is called a stable one.
‘guble elements do not form chemical bonds €.8. Noble gases are the most stable
! dements and have a little tcndcncy to form chemical bonds. The elements with
ncomplete outermost shull§ aretried to gain, lose or share their electrons with other
elements to complete their valence (outermost) shells. In this way chemical
reactionsare occurred and chemical bonds are for
Chemical bonds between atoms are usually classified as either ionic or covaient
lonic bonds are formed between oppositely charged ions (cations and
gnions) by the transfer of electrons from one element to another ¢.g. the bonds in
aC’l, KBr.and CaO are ionic. They generally result when a me

etal reacts withanon-
tal. It 15 non-directional. The electronegativity (E.N) difference should be more
].7‘

Covalent bonds are formed by the mutual sharing of electrons between two
different or similar atoms. The bonds in N__ H,0. and CO, are covalent. The E.N
difference for covalent bond should be less than 1.7, They gencrall y occur between
non-metal atoms. They are directional and are shown by signs (—, = =)

IFyou know the type-qf bonds in a compound, you can predict many of its
physical properties.

Inthis chapter we will discuss the geometries of molecules and we will also explare
o theories of chemical bonding: valence bond theory and molecular orbital

1] '4.‘

med.

(- -. Av-_y_ .:' -9 :
*clety, Technolog) 'and Science
Straight and Curly Hair

r.l"-i -~ &emainly made up of protein, called keratin. Keratin is also present in nails and

. entin s composed of long
L::b::"f Ulphur containing amino
e :‘nedc)’ﬁemc The cysteine of
dlsnlp[:mm‘ molecule forms a
g T boﬂd (a covalent bond

90 thig) the sulphur atoms of

: Eroups) witls ¢ :
meIhQMigh Oy p )k::::‘me glycz:;:c i
The g . SXEIAtinmM .

\&ber of disulphide  © i Cuely Han Vevy H
' 85)
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bonds. Fek ' :
bonds, the curlier the hair. The fewer the numbes of disulphide bonds. the straigher g
cen cysteine molecules

han.{ Et’{d,cpeuds upen the numbe: of disulphide bonds betw

kel‘a(m Wheﬂ?c" your hair is curly, swavy of straight: A disulphide bonds "
cans"@‘ﬂ'\e hair te appear straight in certain areas and i
straight hair can change their hair to force it into curly s

curly in otherareas. People with |
tate by using chemicals, Ll
sulphide honds, The waves do nOt:‘

miehem’““)’ forcing the making of strong dis
oh is straight, and only the ends curly |

Gf’fﬁumﬂes-because the new hair grows in. wh

|

3.1 Shapes of Molecules

Why do molecules possess definite shapes? Why 15 the shape of CO, lincar? Whys
the shape of water angular? The answers of these
found in the VSEPR theory. Chemists are interested in the shapes of molecules. Tt
bond angle and molecular shape are very important concepts in chemistry. TH
physical and chemical propertics of substances cuch as melting point, boiling poinﬂ{

bond energy and density ctc. are strongly influenced by the geomelry (3
toms in space). The shapes of molecules can be best explainedwi

_and-stick” models. The ball represents the atom and the std

and many more questions can be

arrangementota

the help of “ball
represents the bond pair.

|

on Pair Repulsion (VSEPR) Theory

el pointed out that the

3.1.1 Valence Shell Electr

In 1940, the Sidgwick and Pow
es can be explained by the

shapes of molecul
arrangemenl of electron pairs il the valence shell (Keep in-mind
(outer most shell) of central atom. The atom in the s ‘ r =
: . . e shar at
center which is not present at the terminal in the ca"c;“bfms pair whicd
jyato ic molecule s called central atom. unshared pair of
pey n 1957, Gillespie and Nylholm proposed ‘::“fdt ;"”‘:‘-’e’f:;ns (ot
. 2o Loy A A ¢ ; . .“i
VSEPR (pl_‘O_l‘lOllnCCd as “vesper’) theory. It explains  |involved in makmg\ D '
hapes and bond angles of molecules and ions in called bolr:;l pw;*o‘.
shapv> . lsio O electrons thatare
: crms,_“,f,ﬁna.elecurostatxc rcpu’ 1 nbel.‘\\u.n electron |5, making bonds 855
4 Thc rcpulSion between the negative charges of  {lone pairs.
pallf‘?{_ | ‘pa'i'rs around the central atom determines the
elce"u.f:‘-f g of the molecule but we name the shape of
g_eomew position ofthe atoms.

molecul® (85)
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" ek ostulates)
Rlﬂl‘?“!::‘;?f\(fgﬁ?ll theory are as follows:

eman mn-”'l'?.ai" geometry of molecules depends upon the number of electron
1 %bmdpalrﬁ and lone pairs) present in the outermost shell of central atom.
2!"’“‘-. uy"'(shape) of molecules depends upon the number of bond pairs
i -inthé‘o.ut'cmoa shell of central atom.

The electron pairs in the valence shell repel one another because they are
ly charged. - e o
d central atom are located at maximuin distances where

il
{) Bleotion pairs 5040
| Alone pair (fp) oceupics more space thana bond pair (bp).w="

E:cwlsiﬁn}"bem'een electron pairs in valence shell decreases in the following

-1

g lp—Ip >> fp-bp > bp-bp

- The repulsion between electron pairs in the valence shell may be called Van

kr Waals repulsion or exchange repulsion.

i) A multiple bond (double or triple bond) occupies more space than a singley_—~
M_Howr these behave as a single electron pair bond for the purpose of

SEPRtheory.
I39‘Ulews]);gpe.{afmol«':':.fﬂit: will be regular. if a molecule has only bond pairs.
‘)' f e s Vimalcoule vl be irregular, if a molecule has some lone pairs of

he geometry around an atom is deseribed by the general formula:

Where A is central atom, B is a bonded atom, E isa lone pair, m is the number

3

tmd me;:engm; atom A and n is the number of lone pairs around /

ules according 1o VSEPR Theory

: Shapes of

o |
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Number  Eleciron
. ‘ Moleenlar | o
' I of Lone  Pair | Formula ‘:‘.m,,cm- | Example
_Pairs  Geometry | SRR e
3 2 ’ fogonal | 45 5 Rent S0,
plarid
12 et
4 4 0 | Tetrabedml AB, Tetmahedral | CH,
| | |
28 ! !
? i
1 Trigonnl '
4 3 I | |Temahedml| ABE | i | NH:
| Py =v
\
| | .‘
At 2 | 2 |Tomhedl| ABE, Bent o0
i | |
|
. Trigonad | Trgonal <
5 3 v bipyramidal (L bepyruimidal i
|
| |
| !
g —— 2 4 -
6 O 0 - Oxctahedral AR, Octabedral 'S]:ﬁ

Applications of VSEPR Theory
The shapes of regularand irregular molecules are discussed below:

1) Shape of Molecules having one Electron Pair (AB type)
A diatomie melecule has only one bond pair and no bond
“h.muspthgmwedmmbym m‘ :
mhawm’ all diatomic molecules are linear in Figure 3
hape WW:HCLCO‘FZ*NNr Linear GeO™8
(88)
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Shape of Molecules having two

| 5
. . . ﬁ\
plectron Pairs (AB,type) / 3
\folecules having two bond pairs and no lone @‘o \ a
! "
pair give lincar geometry. Their bond angle k'/ /
would be of 180°. Examples are: BeCl,, CdCl,,

(0., €S, HeCl,.

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

3) Shape of Molecules having Three 1206
Electron Pairs @’m’

Such molecules are further divided into two :
tpes: @ + ©
1) Molecules having three bond pairs and no Figure 3.3: Planar Triangular Shape
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
_lbleﬂuorine atoms all lie in the same plane.
1) Molecules having two bond pairs and one

1 81}
Figure 3.2: Lincar Geometry

o8¢ pair (AB.E type) give distorted triangular

e LE type) give distorted triangu :

$apes. Their bond angles are less than 120 O >2§ °
F“&mples are; SDClg, PbCIp S02' Figure 3.4: Distorted Triangular Shape

 As we know that the lone pair occupies
'?(:; Space than a bond pair, hence it pushes the
e Pair closer 10 each other and cause

TPression of angle between two bond pairs.
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43“:'\8'::3’:‘0'- l\‘loll"ﬂllcs hmliuﬂ Four Electron Pairs:
Cules are further divided into three

types:

1) Molecules having four bond pairs and

1o lone pair(AB, type) uive tetrahedral {
seometry with an angle of 109.5". Examples JU -
are: StH , CCl,, CH;,.

The methane molecule has four bond @ :
pairs: which are ditected from the center @ :
towards the comers of a regular tetrahedron. Y l}—q/
These four bond pairs should be placed £ ®
109.5° apart to give them a tetrahedral
geomelry. At an angle of 109.5" the distance
between bond pairs is the maximum and
repulsion is minmum.

{i) Molecules in which central atom has three bond pairs and one lone pair (AB
type) give trigonal pyramidal shapes instead of tetrahedral shapes. T .-‘.'
angles are less than 109.5". Examples are: NH, and NF,. B

In ammonia. the lone pair occupies more space than bond pairs. |

three N—H bond pairs arc pushed closer and the bond angle decreases from 105
107" |

Figure 3.5: Tetrahedral Shape

fn NE,. fluorine is the most electronegative element. S0 N-F o

more polar than N-H. Therefore, lone pair exerts more repulsion o o
pairs in NF;. Hence, bond angle further reduces to 102°,

s Qe g3
107" @ ’ o

Amimonia Nifrogen Triftuonde

Figure 3.6: Pyramidal Shape

(40)
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oiher examples arer PCl.,

D
pil ¢ i w)lcculs‘* in which central ;
m"“"

¢ two bond pairs and two !
l. e DS (AB.E. type) give angular @ \/
cheatshape. Their bond angles are 104.5 ‘
3 $steadof 109. 5°. Examples are: Figure 3.7: Angular Shape

f.0.H5,8Cl, SeCl..
In water molecule. the two lone pairs occupy more space than two bond

s Aslone pair — lone pair repulsion is greater than lone pair — bond pair which in
w is greater than bond pair — bond pair. Hence, this forces the bond pairs closer

and reduces the bond angles to 104.5°. Therefore, the shape of water
ecule is bent ot angular or V-shaped.

S
| D . . L

Lonceptual Check Point:

” shlp!ofMolecules having Five Electron Pairs (AB; type)
s having five bond pairs and no lone pair give tnangular bipyramidal

- The equatorial bond angles are 120° and axial bonds are at right angles

”"0 the plane., Exammesam. PEs,PCl,, SbCl,, ScCls.

|The atoms lie at the comer of
an equilateral triangle are
\ called equatorial atoms while
‘ zhi: aton;s t:bm below the
A ne of the are called

120° gxml atoms. The bonds o
eqnatom} gt:nn:lz are called
equatoriy while the
Figure 3.8: Triangular bonds ofaxial atoms are called
bn-pymmxdal Geometry axial bonds,

(31)
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S, D =
6)  Shape of Molecules having Six Electron Pairs (AB Type)

Molecules having six bond pairs give octahedral geometry W ith bond angie e

90" Examples are: SF,, TeF,.
0 L Keep in mipg |

] =g
e \ o In ﬂc'ﬂhedml m. 'M.,’ ;

o ( ’ can not use the 1erms  yiy

‘cquatorial’ a8 i trigs
O [ ) bipyramidal molecale e
all the six bondsy

’ equivalent.

Figure 3.9: Octahedral Geomelry

Limitations of VSEPR Theory

This theory was failed to explain:

1)  Thesharing ofelectrons in the valence shell.

i1) The paramagnetic nature of O, molecule.

i11) Theshapesof molecules having delocalized nt-¢lectrons.

3.2 Resonance .
The process in which two or more structures are written for a compound ¥

differs only in the arrangement of electrons is called resonance. The difi%
structures obtained are called resonance structures. Resonance structures ¢

headed arrow («——>).There are some molecules and polyatomic fons 0™

no single Lewis structure can be written. Let us take the example of oxyzen !

in two allotropic forms; the dioxygen, 0, (oxygen molecule) and the trovy
(ozone). Ozone is present in larger amounts in the upper atmosphere **
shields life on earth from harmful UV radiation from the sun. It is 21507
trace amounts in the lower atmosphere where it may damages plants and ¥
tissues. Thereare two possible Lewis structures “A™ and “B” for Ozone hict®

0
\g ' - n\f v S &, \ &
; S S A
On : / 0
)

o
0 o O Q
:
| &) ()
Figure 3.10: Lewis structures for Ozone
(92)

Sconned with CamScanner



T S |

The O - O single bond 1n O, should be longer than the 0=0 double bond
the double bonds should be shorter than single bonds, But experimental

ba:ause
evidence shows that the oxygen-to-oxygen bonds are equal in length (128 pm). This
hond jength 18 shorter than the O — O single bond length of 148 pm in hydrogen

coxide, H- 0 — O — H, but it is longer than the double bond length of 121 pm in
diatomic OXyger. O = 0. Hence neither of the above structures can be correct. The
pond identity €annot be satisfactorily represented by any single structure and i
becomes necessary 1o write more than one Lewis structures. To describe such
gfuations a concept called resonance is used. The bonds in ozone are equivalent and
intermediate in strength and length between a double bond and a smgle bond. The
esonance structures of ozone are:

T AN

&
(e He
(1)
Figure 3.11: Resonance Struciures of Qzone

ical. They have same number of electrons (18 electrons)
d all three oxygen atoms. Which resonance structure 5
orect? Neither structure accurately represents the structure of ozone. The actual
fnieture is the average (hybrid) of these tWo Lewis structures. They both have
*qual contributions to the real structure (hybrid structure) of ozone (structure “C”
dvenabove). A commeon analogy might help to clarify this concept. A horse and a
lonkey may be crossbred to produce a hybrid, the mule. The mule doesn’t look or
M&\'ﬁ:%g’qﬂy like either parent, yetit has attributes of both. The resonance hybrid
Zﬁ molecule has properties of each resonance form but is not identical to any one
Orm, ?

They both are ident
aind both have octets aroun

% Reomncestrucuresarenotreal.
+ orerealstructure i the hybrid of resonance forms.
+ Sonance forms are notin equilibrium with eachother
4.RAM Onance forms are not isomers. Resonance forms have different
0l of electrons while isomers have different arrangeiment of

by oo o slecrons while

O el ons and atoms. In witting resonance structures we are allowed

% rons and not the atoms. ;
(33) -

| -
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3"83E Theories of Covalent Bonding
5 ER theory explains the shapes of simple molecules bur it does not CXplag
formation of chemical bond. There are two important quantiin mechanieal the
Which explain the coneepl of bond formation. bond enthalpics, bond lk‘ngt}*
shapes of molecules. These are valence bond theory (VBT) and moleeylyr o
theory (MOT). Neither theory completely explains all aspects of chemical bogg

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

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

This theory was first proposed by W, Heitler and Fritz Londonin 1927 :mdlagq‘
developed by Linus Pauling and J.C. Slater in 1931, This theory expj
bond formation (sharing of electrons), bond strength, and geometry Ofmoleculgi
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,

111) 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 a result of overlapping, the electrons with opposite
spins paired up and become stable by releasing energy. J
v)  When they form a bond, the atomic orbitals maintain their identities, o8 {
outermost shell electrons lose their identities, ]
vi) Greaterthe overlapping, the stronger is the bond.
vii) The direction of bond is determined by the direction of the pwo ovetll
orbitals when other than s-orbital are involyed.

1‘ypés of Overinp ping and Nature of Covalent Bonds:
On the basis of overlapping of orbitals, covalent bonds can be divided into™
i.¢. Sigma bond and pi-bond.

i) Sigma bond (G- bond)

A covalent bond formed by head to he
which electron density is the max

_ ad or hnear overlap of two atomic ortl
tmum around the boud axis) is called I8
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(Sigma is the English word for the Greek letter, which corresponds to the English
jetter v). Overlapping of s —sand s— porbitals always form @ — bonds but p-- pmay
form sigma bonds. It may also be formed by overlapping of atomic-hybrid and
nybrid-hybrid orbitals. All single covalent bonds are sigma bonds

Typesof Overlapping

s—s Overlapping (Formation of 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 conﬁgurutiori Is' . The hall-filled
atomic orbitals (1s') of both H-atoms overlap to form a sigma bond. The electron
density i1s maximum between the two nuclel.

lsﬁ Is
,&'-‘

H+H—> H,
Frgure 3,12 s-s 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 fluorine atom is 1s°, 257,
2p,1, 2p,2, 2p,=. The F — F sigma bond is formed by overlap ofhalf-filled p-p orbitals
of two fluorine atoms. The clectron density is maximum between two nuclei.

@@ - ira — Pdbe
: F+F——F
: Figure 3.13; p-p overlapping '
S-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.

+ (edld —
H + F ——— HF

Figure 3. 14 s-p overlapping

(38)
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s , v hetween a hydrogen atom and a flyee
‘onsider the bonding . ! 2 uo
Conside om is 18,257, 2p., 2

&,

. X
ny

e

' v i of fluoring at P32. .‘

o configuration of fluort 5 ' ' i 2
decl‘t\?l;::cul’\) if fluorine atom overlap with Ls Orb“ﬂ of ane | d,:he T
ltz;’m;o-bon;l The other filled 25 and 2p orbitals ufﬂuormedonm Pﬂ e’

nlq ol
bonding to the hydrogen. »

\

| Conceptual Check Point:

How can you explainthe bonding n 1 and HCI with respeot to Vg

ii)  PiBond (n-bond) e
The bond formed by sidewise or parallel overlap of two p-orbitals{g called iy
Examples are: O=0,N=N,CH,=CH, -
This bond i1s named after the Greek letter x. Theoverlagﬁ eelron
in pi bonds is not as good as in sigma bonds, and they are corres
Pi bonds are ofien found in molecules with double or triple )¢
two p-orbitals are in one plane. In nt-bond. molecular orbital
region of electron density i.c. above and below the bond axis
single bonds are sigma bonds, A double bond consists of one pi
bond, and a triple bond consists of one sigma bond and two pi ban
Formation of O, Molecule
The electronic configuration of each
oxygen atom is 1s’, 2, 2p.i, 2p..
2p,:. 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.
lt. has one A-bond which is formeq by L
side to side overlap of 2p. orbitals. Figure 3.15: 0“"““l 3
The electron density is maximum above and below thebond axis.

Formation of N; Molecule
The electronic con

are three half-filled p orpig)q i1 cach nitrogen atom. N, moleot B
bond and two T-bonds. 6-hopgd S

T-bonds are f is formed by linear overlap szp,o
nasare formed by paraje| overlap of 2p, and 2p, orbitals:
(36)

. 2 ‘ .':{,'
figuration of cach, nitrogen atom s 18, 28, 30 74
o
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1~ hivk

vt bt 4 Bhe 4 1

n ~ homdl

a — hond

Do b S S
srive LR

Figure 3.16: Orbital diagram of N, (N=N)
Table 3.2: Difference between Sigma and Pi Bonds
Janie 3.2 AREICTEe O

m—

mofBand tetravalency of C.
ot ()
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Py

G lectrons are alread ' .
¢ jts valence € ¥ paired and only two unpaired
Of 2 ple for sharing? To account for the four C—H )l;onds in methan®:

zlecmms is promoted from the lower-energy 25 orbital to the empty, M2

i
ii?) The angle between the bonds.
1 The paramagnetism of O. molecule.

i‘\tomic Orbital Hybridization e e
N 1931 Linus Pauling introduced the concept of hyDRGEEFUON e Cxplay
Characteristic gcomclrilal shapes of polyatomic molecules like CH,, NH,
AlCl, and H.0 etc. He also explained the formation of multiple bonds in gl
such as C,H, and C,H . According to him the qtomic orbitals of different
ENerpy combine to form a new st of equivalen! orbitals called hybrid Orbigg
the phenomenon is known as hybridization.

Keep in Nlind_]

The number of hybrid orbitals formed is always equal to the number of 'm
- orbitals that are combined.
® Thehybridized orbitals are always equivalent in energy and shape. ‘ |
® Hybridization is the mixing of at |east two noncq uivalent atomic orbituls, |
example, s and p orbitals. Therefore, a hybrid orbital is not a pure atomic orbital.
® Tll_lbe sllmpe of any hybrid orbital is different from the shapes of the originaf atm
orbitals.
» The geometries are exactly as predicted by VSEPR theory.
o Hybridization takes place in an atom (usually the central atom) befor i
formation, The concept of hybridization is not applied to iselated atoms,

_® Thehybrid orbitals form stable bonds than the pure atomic orbitals.

’lﬁ)ﬁl of Hybridization

There are three main types of orbital hybridization i.e. sp’, sp’, sp dependigd

the number and nature of orbitals. They are as follows:

(i) sp3.Hybﬁdization (i1) sp-Hybridization  (ii1) sp-Hybridization

o sp’-Hybridization i

1o process of mixing of one s and three p-orbitals to gi identical §p

e P sis calledsp-hybridization bttt
* Eachsp’-hybridized orbital has 25% s -character and 75% p-charact®

- Examplesare methane, water and ammonia,

;pom!ﬂ"" of Methane |

cbﬁgider the example of methane. In methane the ground stat¢

- figuration of carbon (1s”, 257, 2py, 2p, 2p,») shows that the 25 orbita®

4 two of the p-orbitals are half-filled. But how can carbon form four PO

Lo

(38)
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p orbital, giving an excited-state configuration (15, 25, 2p,1, 2p,s 2P,) which has
npaired electrons. Now we have four orbitals, each (21‘ wh\ich could overlap
nent shows,
arbon

ﬁ\lu' u
with the 1s orbital of h_vdmgcn atom to form a sigma bond. l_-prcril

ver. that the four C-H bonds in methane are identical. If excited-state ©
vo kinds of orbitals for bonding, 2s and 2p, how can it form four equivalent
ponds? The R—orlwitals are at right angles to each other, so three of the bond angles
would be 00 , and the posilion of the sigma bond formed by overlap with the 2s
orbital is unclear. This is where hybridization 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 sp3 (pronounced as “s.p-three”) hybrid
orhitals. Each hybrid orbital has one large lobe pointing in one direction and one

small lobe pointing in the opposite direction.

howe
gses

Y ¥
A
? z 7
X " ’.")X — s —
s-orbital ‘
k y -orbital py-orbital %)

Figure 3.1 7
Tetrahedral geomelry

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 ar¢
sigma bonds and formed due t0 s—Ssp

Ball and Seicy Model

OVCI’IRP Figure 3.18: Me
; - Methane p _
.(99) Olecule
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Covalent bonds made with ‘&pl hybrid orbitals are often strong ones, [y
the cnergy released on forming the four strong C—H bonds in CH, s Sreate,
amount than the energy required to produce the excited state of carbon, Methape
letrahedral shape with an angle of 109.5". The shape of methane is the Same‘
predicted by VSEPR theory.

Formation of Ammonis and Water
Tl:e shapes of NH, and H,O molecules can be best explained with the help g
Sp —hybndization. In ammonia, the ground state electronic configuratioy ¢
nitrogen is 1s’, 25*, 2px, 2py’, 2pz’ having one filled 2s-orbital and three half: g
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 sp3 hybrid orbit
of nitrogen overlap with Is orbitals of three hydrogen atoms to form three
sigma bonds. The fourth sp® hybrid orbital that was already filled contains longpit
of electrons and does not overlap with s-orbital of hydrogen atom. Recall thati
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 it
formed by the overlapping of one 2s and three 2p orbitals, Two hybrid orbitals #
completely filled and two are half-filled. These two half-filled sp’ hybrid 0‘“‘

overlap with 1s orbitals of two hydrogen atoms and form two O-H sigma bast
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
electrons. The water molecule, | .
therefore. has angular or V-shape. Figure 3.19: Ammonia and Water Molé¢

(100)
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i) sp’-")’hl‘idi?nlinn

The process o mixing of one g and 1
arhitals sscalled sp-hyby idization

F.acl? sp‘-hy brid orbital has 33% s-character and 67% p-character. Examples
are boron tri-tluoride and ethene.

Formation of Boron Tri-fluoride-

In BF,molecule, the ground

WO p-orbitals to give three identical sp’-hybrid

State electronic configuration of central boron atom is
1§, 25, 2py1, 2pye, 2p.,o: First we promote one of the lower energy 2s electrons to an
empty higher energy 2p-orbital giving an excited state electronic configuration 7,
25',2p,1, 2py1, 2p,» in which boron has three unpaired electrons. These three orbitals
(one 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,

Y \

g
U e e -
D pr-orbital 2 ‘ s
Combine to form three sp* hybrid ortitals Unbybe! 208 o, ital
- 124
;'gm 320: “
figonal Planar
B .
)
hw These three sp” hybrid orbitals of |
o overlap with p-orbitals of three e

*‘B “ Moms and form three sigma
WM The BF , molecule 1s planar
8 the FiF angles equal to

e | 7R
P BeOmetry of BF, is trigonal v k.
oo & »

Figure 3.21: B} molecul
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Formatiomof Ethylene
Consider the example of ethylene molecule, C,H, which has a C=C double borg
this case, three sz hybrid orbitals are req uired, 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 carbas ¢
28, 2p,, 2p,1,2p,.. In ethylenc, one 25 and two 2p orbitals of carbon atom are
together to give three sp” hybrid orbitals of same shape and energy. The remajy
2p, orbital does not take part in the hybridization. In ethylene, each C-H s
bond is formed by overlap of sp’ hybrid orbitals on carbon with thels orbtal
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
one carbon atom with the similar
orbital of the other carbon atom. All
six atoms in C,H, lie in the same plane.
Ethylene has trigonal planar shape
with HCH and HC C bond angles of
approximatcly 120°. The carbon-

: o it L o ar{d Figure 3.22: (G H, molecale
carbon-hydrogen bond length is 2
108pm.

iii) sP-Hybridlution
The process of mixing of one s and one p-orbital to give WO identica!
Is is called sp-hybridization.
Each sp orbital has 50% s-character and 50% p-character.
Examples are beryllium chloride and acetylene.

p‘,rgm of Beryllium Chloride a
The ground state electronic configuration of Be is 15, 257, 2pse 2Py™ ¥ 8
thatin its ground state Be does not form covalent bonds with C1b ecause s

are paired i1 the 2s orbital, Hence one of the 2 electrons is promote® = o
orbital:

Sp )

orbita

-

Therefore the excited state electronic configuration of Beis '
(02)
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Now there are two Be orbitals available for bonding, the 25 and 2p. The
3.3!" and 2py) orbitals of Be are mixed together to give two sp hybrid
g n e VO TEW orbitals areidentical in shape.

3 Y
7 ‘f ‘

O g
/q. s

pry-orbetal pe-orbital

Unhybndized orbitals

s Figure 3.23: Linear Geometry
* femaining vacant 2p, and 2p, orbitals do not take part in hybridization.
$p-nybrid orbitals of Be overlap with half-filled p orbitals of two chlorine
W ,fWo Be—Cl sigma bonds. The bond angle between CHBe-Cl is

p Y

p-sp overlap
Figure 324: BeCl, molecule

guration of carbon is 16, 25, Zp‘ 2p1,
e SR

o 5 with 1s half-
-~" ydl'ogen amm an(’ y*OV“ \
bOnds while the Figure 3.25: C:“z molecule

(103)
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other sp hybrid orbital of one carbon atom overlaps with sp hybrid orbity "
. 2111 2 -

other carbon atom to form C-C sigma bond. The remaiming =p, and 2p, o

not take part in hybridization. They form two pi bonds between two carbay

through sidewise overlapping. Acetylene has linear shape and bond angle js
Acetylene (ethyne) molecule has three sigma bonds and two pj bonds

case of sigma bond the electron density is maximum around the bond axijs whi

case of pi bond the electron density is maximum above and below the bond agis

Table 3.3° Nature of Bonds and Shapes ol Hybrnd Orbitals

sp’ 109.5° | Tetrahedral 4 4 | 0
sp’ 120° | Trigonal Planar 3 5 1 ,
8p 180" |Linear RS2 3 2 | Elhylh;

- 33.2 Molecular Orbital Theory (MOT)
Valence bond theory provides an explanation of bonding in molecules and sta
of the covalent bond in terms of overlapping atomic orbitals. With the hell
hybridization we can explain molecular geometries predicted by the VSEPR
It also helps to explain bivalency of beryllium, trivalency of boron and tetrav€
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 molecules !
molecules absorb lightand give colours. This theory does not give an explan®®
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 conceptof molecularorbital theory. The molecular
orbital model is more complex than the valence bond model
particularly for larger molecules, but magnetic and othe;
properties of molecules are some times better ox
molecular orbital (MO) theory. Molecular orb
concentrates on molecule as a whole
concentrating on individual atoms, A wyve
square gives the probability of finding ap ¢

(104)
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o space mn an | L '
siven region of space in an atom s called atomic orbital while a wave function

whose square
v a molecule 18 kKnown as molecular orbital. Like atomic orbitals, molecular

space

(,l,b.'mls 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 s 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

sumber of atoms in the molecule,

Main Points of MOT
i) The number of molecular orbitals formed is equal to the number of combining

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

gives the probability of finding an clectron within a given region of
. cgion of

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

orbital.
i) Theoverlapped atomic
iii) The molecular orbital which has

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 €.2. o' 1 -orbitals. The asterisk, which you

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

nuclei of the bonded atoms while in case of anti-bonding molecular orbital the

tlectron density is the minimum between thenuclei of the bonded atoms.
vi) The bondingmolecularbrbital' has greater stability than the corresponding anti-

bonding molecular orbital because bonding molecular orbital is lower in energy
tha itsomespondinganti—bondingmo'lecularorbital.

orbitals do not maintain their identity.

less energy than parent atomic orbital is called

T rmed as atoms approach each other and their
m‘)lmc orbitals overlap.
1) Thelowenergy molecular orbitals (bonding molecular orbitals).

) 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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can form

55 Overlap

T'Wo types of molecular orbitals are formed due to s-s overlap, one is a bondiy,
molecular orbital at a lower energy than the original atomic orbitals. The other; u_::
TSR : = ; 55 Say.
anh~b0ndmg molecular orbital at a higher energy than the original atomig orbitgl
Consider the formation of H, molecule. Each hydrogen atom has o
electron in 1s orbital. Hence, two 1s' orbitals of two hydrogen atoms overlap i
produce two molecular orbitals designated as o, and 0y, The subseripts I
indicate that the molecular orbital is formed from two s orbitals. The &, orbiy
called bonding molecular orbital whereas o”,, (read “sigma-star-one-s”) orbitg|
called anti-bonding molecular orbital. The electron density in a bonding moleculy
orbital 1s 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 moleculsz
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 tha
that of the separate atomic orbitals, whereas the energy of an anti-bonding orbitalis
higher. The total energy of two molecular orbitals remains the same as that of W
original atomic orbitals.

N

Node

ol gy

' + M'mﬂmmg") . 1

14 orbital of I8 orbital of
. .

Bonding molecular orbitali, )

Energy

Figure 3.26; Linear overlap of s-s orbitals

It is important to note that Is orbital of one atom can combine with 18 O'M
of another atom but not with 2s orbital because of the higher energy of 25 orbil ]
compared to I's orbital. Hence, the overlapping atomic orbitals must have €4

approximate ly equal energy. Itis possible when atoms are different from each "

p.p Ovel'hp

The situation is more complex when the bonding involyes p-orbitals. Two P‘°'.blm;
either a sigma bond or a pi bond. There are two different ways in Wh!

i
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aebitals can combine (overlap).
¢ QEUREEEE s g
on 3 Linear overlap if) Parallel overlap

One st of 2p orbitals (2px atomie orbitals) can overlap along the same axis
xS0 give one bonding and one anti-bonding o-orbital (5, and & ;). These

italshave cvlindrical symmetry around the molecular axis.
\ v

‘ @D o€

Anti-bonding molecular orbiul (d,,,,)
€D +E>ED '
I I, orbital ~ 2p, corbial ‘ P
Bonding molecular orbitsl £;,,)

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

Keep in Mind

Watomic arbitals do not have the same symmetry then they will not combine. For
Hxample, 2p, orbital of one atom can combine with 2p, orbital of the other atom but not
withthe 2py or 2p, orbital due to their different symmetries.

Theother two sets of 2p orbitals (2p, and 2p,) are perpendicular to the x-axis,
and they will overlap sidewise to give two bonding and two anti-bonding -
%%-me % molecular orbitals that result from degenerate 2p, and 2p, atomic
"ilalsare identical and have same energy and are said to be degenerate.

| aP
' [ _#)

s | =
Hooding molecular orbytal gt 3y
Figure 3.28: Parallel averlap of p,=p, orbitals

Lnergy

Ningm_ A :
4M~molecular orbital, Hence sigma bo

. (107)

~ The er rm
bity) OVerlap of the two p-orbitals is normally greater inaqg
| Molecylay

nds are stronger thay, Pibongs
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Molecular Orbital Electronic Configuration
The distribution of ele ctrons among various molecular orbitals is ¢y, d
molecular orbital configuration. The method for determining the eje
configuration of a molecule is similar to that of the electronic configura,
atoms. To write the molecular orbital electronic configuration, we have 1o kg,
rules given below:

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

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

iii) If two or more same energy molecular orbitals are available then electa
prefer to occupy each molecular orbital singly before pairing begins (Hund'srule)
iv) The number of electrons in the molecular orbitals is equal to the sum of all
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 artﬂ@
to be paramagnetic if they have unpaired electrons in the molecular orbild
Paramagnetic substances are attracted by a magnetic ficld whereas diamagﬂf"
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 Encrgies of Molecular Orbitals
The relative energies of molecular orbitals are determined by SP“M
methods. The energy order formolecular orbitals is of two types:

i)  Energy order for O,, F;and their positive and negative ions is:
01, <O 15 <02 < 5 < O <My, =10, ) < (".sz n.‘.’pz) <0 21
iy Energy orderfor Liy, Bey, By, Cyand N, is:

(s P8 <0 |;<625<025 (nﬂpy nzp,)<0 <(1[
Energy level diagrams are shown as;

(108)
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Energy level diagram fae O,, F. and thew ions Energy level diagram for Liy, Bey, B;, Cy, N, and thewr was
521329: Energy level diagrams for first and second period homo-nuclear diatomic molecules

oo

~ The overlap of the two 2px atomic orbitals is greater than two 2py or 2pz
ditals, Because of this the bonding o, molecular qrbntal has lower cnergg thag
i e 1, and 7T, molecular orbitals. While in case of Li,, Be,, B,, C; an
tebonding Oy molecular orbital has higher energy than the degenerate Tz, and
*Molecular orbitals. This U-turn is due to the overlap ofa 2s orbital on one of the
b With a 2p orbital on the other. Due to overlapping, the energy difference

%0, ando, molecular orbitals increases, where the energy of 0y, decreases
{bay of a, (i £ o, is raised to such an extent that it

2px INCreases. The energy 01 “apx

higher in energy than 1t and 7, molec
" or‘q gy 2py Topa

t
&"mbcr ofbonds formed between two atoms by the overl
w“%' Order, .
The Molecules, it can be defined a5: : .
'lhw Eha]r-oﬁhc difference between the number of hnnd!ng ¢lectrons (n,) and
RETT }is called bond order.

bonding electrons (n,
Iu“"'\lltn::ally:

ular orbitals.

ap of atomic orbitals is

[1,, e llm

o
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Applications of MO Theory : TR
Olccular arbital theory is helpful 1o the exact electronc configuration of

molecules. In this cliss. we study the ground-state clectronic configy

homonuclear diatomic molecules (molecules having two Homs ol

elements) The electronic configuration helps us 10 know the propeg,
molecules.

Formation of H, Molecule:
The electronic configuration of hydrogen atom is 1s'. Two Is' orbitals iy
hydrogen atoms overlap to produce two molecular orhitals (0, anQ G ). Hyy
molecule has a total of two valence clectrons that are present in o, mojy
orbital. The 6, orbital is empty. The molecular orbital electronic configuraty
H, molecule is 6,2 The relative energies of two 18 atomic orbitals and the moks
orbitals formed from them are shown by an

energy-level diagram (also termed as

molecular orbital diagram). Such diagrams ﬁ

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: 2
=fi. 2=0

Bond Order of H,= Ty 2—-*‘-: ; =

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

' Formation of He, (Hypothetical)
The clectronic configuration of helium is 1s*, A
Two l* orbitals of two Helium atoms
combine to give one bonding (c,,) and one
.nti bonding (0)) molecular orbital. A
hypothetical molecule has four electrons, two
and two in @’ as shown in the figure

in Oy : _
3.31. The molecular orbital electronic

Oy X
Figure 3.30; Molecu# of
diagram for Fy

Energy

: onfiguration of heliumis o 2<0’ ». Ot ol
_Ny=n, -2 Figure 3.31: Moleculas 0 ,\“g
gond Order of Heg=—5="==2==0 for Hypothetical 12
(10)
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Zero Value shows that this molecule is unstable and no bond would be
: ¢

formed between two helium atoms, Henee, it1s mono-atomic molecule

Formation of N, Molecule
The clectronic configuration of nitrogen atom is 1s°, 2s°, 2px’, 2py’, 2p7' . When two

trogen atoms appr oach one another to form N, molecule, only like orbitals on the
wo atoms 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 atomn. The
s orbital of one atom does not combine with the 2s orbital of the other atom,
because their energices are quite different. The two 2px orbitals that lie on the same
plane (internuclear axis) overlap head on and form o,,, and G 5, molecular orbitals.
The other two pairs of 2py and 2pz orbitals which are perpendicular to the x-axis

overlap sulewnse nd form two degenerate bonding molccular orbntah (m,,, and
My} and two degunerate anti-bonding molecularorbitals (1T sy and T Z,,,)

The molecular orbital
diagram of N, molecule is shown
in figure 3.32. Because of the 'T
absence of unpaired electrons in
the molecular orbitals, the
nitrogen 15 diamagnetic and 1s
very stable molecule. The
molecular orbital electronic

Wﬂﬁguratuon of N, is: ﬁ
(+%)

ap orbitals

<o 1,2<0‘252<02 2 <My ? =

,z2<02"1<n zpyo"ﬂ 2p¢°<0 2px°

Since the inner shell

tlectrons (K-shell) have no

2"gﬂlﬁt:am eff

ect on bondmg,

clore, the o W < o 1 18

°q“°"“y condensed as KK. Now

: Configuration of nitrogen
Mw‘“" cﬁn.be written as:

x% T A

T x Figure 3.32: Molecular orh
G orbital dige
1w 2pe° <o 2px° for N, molecyle okt

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

- 8—-2

Bond Order of N, = Ny — Ny e
y 4 2 2

The bond order of nitrogen molecule is three which shows that it forms tifh

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

Formation of O, Molecule
The electronic configuration of
oxygen atom is lsf. 252, 2p.1, 2py..
2p,:. Ag 1s’ 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 (G ,,,) molecular orbital.
The other two pairs of p orbitals
combine in a sidewise manuer to
produce two bonding (m, . and
Typz) and two a.nti-bouc.ling
molecular orbitals (1t ,, and 7t ).
The molecular orbital diagram of
0, molecule is shown in figure
3.33. Oxygen molecule has 16
electrons, the clectronic
configuration of O, molecule is,
therefore: .
KK < 0’.252 = 0352 = 02;:)(E 2> "’Zpy- =
Mot <7 205! = T 202 : I
From : t he electronic Molecular o.-b;i:f;;r‘;s";j{;” 0, molece
conﬁguration it is clear that OX).'gen |
molecule .has two unpalfed |
electrons in its two degenerate rt 2oy

alpx

(12)
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| nd’f.’ntmbimls and 1s, theretore, paramagnetic. In the molecular orbital diagram
3 » ' 34 s . ; ¢ < ~
} t,mhrcleclt'm'ts occupy bonding orbitals and four electrons anti-bonding molecular

| orbitals, SO the bond order of O, molecule is:
0 DU

p ng —n
gond Order of O,= b 3 3
S8 =0

2

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

2

4§ Bond characteristics

4.1 Bond Energy
average amount of energy needed to break all bonds in one mole of a gascous
stance is called bond energy.
Itis also called bond enthalpy as it is 2 measure of enthalpy change (AH) at

%8K. For example, the bond enthalpy for the bond in H, is the enthalpy change
vhen 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
\molecules requires 436kJ of energy.

The bond energy can also be defined as:

The amount of energy released when one mole of bonds are formed from

atoms s called bond energy.
Forexample, the bond energy for the formation of H, molecules is:
T B AH = 436kJ/mol

g:"‘mhng is an endothermic process.
%Mnkmcxothuuﬁcm- " :
Wie the net energy value is positive, the reaction is endothermic.
e net encrgy value is negative, the reaction is exothermic. g
the :xl'fnitof bond energy is kJ/mol or keal/mol. The bond energy is a meagyre
Y of molecule, The stability of @ molecule is related to the strengths of
“OValeny bonds, The strength of @ covalent bond between two atoms i
“dby the energy required 10 break the bond. The greater the bond ener

(113)
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the stronger the chemical bond and the stable is the molcculc. FOf ¢
hydrazine (N.H,) is highly reactive (unstable) whereas nllf(?gcn' (N,) is g o
molecule. Bcéause nitrogen has a very strong nitrogen-nitrogen tnple b(md{
While hydrazine has a weak nitrogen-nitrogen single bond (N N) .

Bond energies play an important role in thcnnochcmlb‘f)v'- It helpg "
explain the heat of chemical reactions. For a chemical reaction, the enthalpy

can be written as:

AH = EBE (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 to break g

in the reactants plus the sum of the energies released in the formation of new}
in the products. Consider the reaction between hydrogen and chlorine to form
When one mole of hydrogen gas reacts with one mole of chlorine gas then 2y
of HCl gas is formed.

H,+Cl, —» 2HCI AH =-1432 kJ/mol

This reaction involves breaking one H-H and one CI-Cl bond and fon
two H—C) 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-Cl =436k J/mol + 242kJ/mol =67811
The amount of energy released when H-Cl bonds are formed = 432 kJ/mel |
The energy released when 2 moles of H-Cl bonds are formed =864 kJ/ind!
AH for HC1 = ZBE (reactants) + LBE (products)

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

= —186kJ/mol

This is an example of an exothermic reaction. [n an exothermic 3
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.

(114)
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Table V.40 Averaee Bond Fnergr s (kl/mol)
i : S Enian :

AR I TR ] [y o
C-Br | 276
BT T
B s, S|
N-H 391
N-N 160
N=N 418 i 323
N=N 941 - 368
NP | 9 | sisi| s
caCx] " “SH N-O 201 fSias 226 F-F 159
caC | 89 | N=0 | 607 | 8i-F | 565 | F-a | 1%
'”c-& 301 | N=O 631 ﬂL'ﬁ-d 381 F-Br 212
N |  30s | - | si-Br!| 310 F—I 263
[ si-t | 234
' a-ci| 2
P-H 320 Cl-Br 215
Eﬁ: nm G-H ‘ﬂ- .‘ s ARt ! i
=P | ‘; ".g Ts,.:-.ow 204 | P-F |
cs | 29 [o0=0] 45 [ P-Cl
T T
T _.‘...@; o e e i =5

factors Affecting Bond Energy

egativity (E.N) Difference
Merlhe electronegativity difference of the bonded atoms, greater would be the
s " encrgy, For example, the bond energies for HF, HCL, HBr, and Hl are 565, 432,
4nd 299k J/mo| respectively. The bond energies of hydrogen halides decrease in
followms order;
HF = HCl > HBr > HI
Nﬁe The highest value of bond energy of HF is due the greatest EN difference
“dthe lowest yalue of bond energy of HI is due to the smallest E.N difference

g Bonds
i “Mergies of multiple bonds (= or =) are greater than single bond. For example

Ehergy of nitrogen-nitrogen single bond (N-N), double bond (N~
& N) and
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triple bond (N=N) is 160, 418, and 941 k}/mol, respectively. It ShOWS that the

bond is stronger than the double bond, which in turn is STONEET than the single bog

Bond Length

Shorter the bo < : he Table3.5: The Relation between

s nd licnglh. greater will be th L ength and Bond Encrgy
ndenergy and vice versa. :

As the number of bonds between the

carbon atoms increases, the bond length 154
decreases and the bond enthalpy increase. 133 B
That is, the carbon atoms are held more o o
closely and more tightly together. ‘
Atomic Size

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

3.4.2 Bond Length -,
The distance between the nuclei of two covalently bonded atoms is called
length. It is also known as bond distance. Bond lengths can experi y
determined by using the physical techniques such as, electron diffraction, ¥
diffraction, and spectral studies. In many cases, bond lengths for single 02
bonds in compounds can be roughly predicted from covalent radii. Henee,
length can be estimated as the sum of the covalent radii of the two atoms-
example, bt?causlc the covalent radius of hydrogen is 37pm (one half the bond
of H-H 1e. -2-x74 =37) and that of chlorine is 99pm which is one-D
the bond length (198pm), therefore the H-C1 bond length in hydrochloric **
approximately 136pm (37pm +99pm = 136pm). The actual value of bond ¢ |
HCl is 127pm. The bond length of triple bond is shorter than double bond ¥ .-
turn is shorter than single covalent bond. As the of
number of bonds (bond order) between two atoms Tﬁ‘.’\"f %fl:tigfcndbomndsstgf
increases, the bonds length decreases. For example, b
the average bond lengths for carbon-carbon single, | c-@ |
double and triple bonds are given here in the | e=c | !

(116)
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The values of average bond lengths help us:
To pmvide the clue to the type of bonding present.

D To understand resonance structures in molecules like ozone.

= “

- .
e
-

_|[Fc=0

The bond length increases by increasing atomic size and vice versa. For example,

than Br - Br (228 pm).

Factors Affecting Bond Length
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Soorder of bond length will be:
HF <HCl<HBr<HI

Type of Hybridization . |
Greater the s-orbital character in the hybrid orbital, shorter will be bond lenglh!i
example, the carbon-carbon bond distances in cthane, ethene and ethyne ap, i
133 and 120 pm respectively, because ethane, ethene and ethyne have sp’, sp’ andy
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 clecry
(shared electrons) to itselfis called electronegativity.

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

Wl Table 3.8: The Pauling Electronegativity Values T
220 | 1
u | Be s | c B
098 | 157 204 | 255 :
Ne | Mg A st | e | s !
sarecd| D e 161 | 190 | 219 | 258 (AN -
: | 190 | 215 je
K || |m v o Mir|co|Mm|clz|e | ce| s | sel il
w | se | v |z | m mole | mlnl M ag| | om < [Al
wo.sa.umwuswmmupmw.xn&zzwm
s | 8a W | ®w W ir o] ow | ol e ' | = |
“”“u’txwl”wwwmw::ux‘:zz.':s‘z:'n::oms‘
] { ] ' [ L—M
&” nt. w' = o hiss o s 7y . — — ! ‘ 53 ]
' Sl Ml ) Bl ] I |
. i'" Am

clectronegativity values,

3.4.4 lTonic Character
Unequal distribution of bonding elee

character or polarity of molecule. The meagure o gy .t sharing of ¢

(18)
it M N e e
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ol U!lCL]llH”} the electron < arc shared) m a covalent bond 1s known a
’ o REOWT aSs

how © qud Iy

wnd po‘&ll'"}'

A ovalent bond involves the sharing of at least one pair of electrons between two
Inamolecule like H,, in which the atoms are identical, the bonding clectrons
red equally. That is, the electrons spend the same amount of time in the
h atom. We can say that the electron pair is situated exacily between
| nuclei. The bond so formed is called non-polar covalent bond or

But when the two atoms are of different elements, the
t shared equally. That is, the bonding electrons spend more
he case of the HCl molecule, the
d more time near the chlorine atom than the hydrogen atom.

f the bonding electron pair results in a relatively greater
correspondingly lower electron
is a polar covalent bond (or

atoms-
are sha
yicinity of ¢4
the tWO identica
simply non-polar bond.
sonding electrons areno
jine near one atom than the other. For example, in't
sonding electrons spen
[his “unequal sharing” 0
Jectron density near the chlorine atom and a
ensity near hydrogen. The resultant covalent bond

solar bond).

sharing creates (WO
likcinbmery.oncpositiveand
1ot pmi&lcharge-l'hesymbolsﬁ’and
| mcdistribmionofpanialchargsina

/

covalent bond as intermediate between a

anpolar covalent bord (where sharing of electrons is exactly equal), as i:? H,, and
1 ionic bond (where transfer of the electron(s) is nearly complete), as m NaCl.
©om this point of view, an ion is simply an extreme example of a polar
walent bond. We “?3 a quanti negativity 10 estimate whether a
venbond is nonpolar covalent, pO

Electronegativity is used 0 pre
ways be correct because there is no

You can consider the polar

ic bond '
ty called electro
lar cavalent, or lonic.

dict nature of bond. But predictions may not
clear-cut division between ionic bond and

Jlar covalent bond. The electronegativity difference of two bonded atoms predicts
.’W ofr’bond or bond polarity. The greater the difference between the
ativity values of the ponding atoms, the greater would be the bond
Varity 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 ¢,
for electronegativity and A is the Greek letter delta which means “differenge »
clectronegativity difference (AEN) is determined by subtracting the
electronegativity value from the larger. When AEN 1S Z€r0, the bond will b,
covalent bond (100 % covalent). WI;cn the electronegativity differenceing
1.8 or greater, the bond will be ionic. Ifthe AEN is from 0.5 to 1.6, the bond wjj
polar covalent bond. When the AEN is below 0.5, the bond is normally classifig
a covalent bond, with little or no polarity. If AEN is equal to 1.7 the bond willy
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 bos
molecule. We can say that the polarity of a molecule can be measy
experimentally by measuring its permanent dipole moment. The greater the diy
moment, the greater is the polarity of molecule. The molecule is considered asm
polar when its dipole moment is zero. We know that polar covalent bonds f
between atoms of different electroncgativity. In the HCI molecule, the chln
atom is more electronegative than hydrogen. and the chlorine atom thus attracts!
electrons towards itself. As a consequence, the electrons are displaced towardi
more electronegative chlorine atom and it gets partial negative charge (&) Ol
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+ ¢
positive charge al the other end is said to be @ u=Q+r _‘
polar. L e

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. Itis shownby i (mu).

Mathematically,
Dipolemoment = Charge x distance
M QL Sy

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 dub-bye), named for the Dytch-
hemist and physicist Peter Debye, [, g units

ts are measured in coulomb-meterg (C.m) -

(120)
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3 ID=3.34x10"C.m
3 The dipole moment of water is 1.85D and that of ammonia is 1.47D, The
N Jarger value for the dipole moment of water means that water is more polar than
*t gmmonia. The dipole moment is a vector quantity which has both magnitude and
b". direction. The direction of dipole moment is from positive toward negative. We
f'l often represent the dipole using an arrow with a cross at one end (—+—>) to indicate
% the direction of electron displacement. The point of the arrow represents the
Il pegative end of the dipole (3) and the crossed end (which looks like a plus sign)
represents the positive end (87). The length of amrow shows magnitude and its head
shows direction.
L Diatomic molecules containing atoms of different elements (for example,
& HF, 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 three 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
i 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
nd polarities cancel out, and the carbon dioxide molecule does not
that of carbon dioxide where

se and exactly cancel each other. Some common types of
SO, CH,, SiH, and

 the opposing bo ‘
' have a dipole moment. There are many cases besides

the bond polarities oppo
molecules with polar bonds but no dipole moment are CS,,

in Debye unit, of a hypothetical 100 % ionic

C"lc“latc the dipole moment, 1n c
molecule where unit positive and unit negative charges are at a distance of 1A .
b'l'hechmge onthe either ends of the moleculeis | 60X 107 RE: .
I \0“.‘ C \Q,o/ -
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As we know that.
H=Qxr
Therefore,

Dipole moment of the hypothetical molecule = 1.60% 1077 Cx 10"y

= 1.60x 107 Cm

Since, ID =3.34x10Cm |
1.60 x 10‘2"c,m_4 1
Hence, § =334 x10°C.m/D A2
Applications of Dipole Moment 1
Dipole moment can be used to determine:
ii) Geometries of molecules.

i) Percentage ionic character
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.
3 Observed dipole moment
9sage ionic character = —— x 100
Jonic dipole moment

9,age ionic character of some molecules is:
HE = 43%, HCl=17%, HBr=12%, Hl = 5%
[t decreases by decreasing dipole moment. If dipole moment 18 261

bond 15 100% covalent.

ment of HCl is 1.03D and the distance bet
¢ of th¥

The observed dipolc_mo
atoms (bond length) is 127pm. Find the percentage ionic characte

bond?

solution:
le moment of HCl=p, =1.03D

observeddipo .
petween Hand Clatoms =r= 127 x 1072 m =127

istance b 8
Di HClis 100 ionic, then the charge on each atom (Q) is the el

10— lom .

The ionic jpole moment can be tz?:culated as: !
o moment = (1.60x10""C)x(1.27 x 10 '°m)=2.03% 10

[onic leOI

2.03x10Cm D
. 3 le S 6.08
{onic d1P¢ 3.34x107°°C.m/D

122 ‘
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entage ionic character of HCI can be calculated by dividing the

mr E‘M%;ﬁg moment with ionic dipole moment and the answer is multiplicd
: 1.03D
iy terof HCI = <100% =16.9%
lOﬂle\cmac er 6.08D
percentage ;
il
Geometries of Molecules |
dipole moment helps to determine the geometries of molecules.
The
of Diatomic Meplecules: iy )
The geometry of diatomic molecules is always linear whether they are polar or non
P Table 3.9: Dipole Moments and Geometries of Some Diatomic Molecules
i = | B Rl o7 s
‘HBr rp;t?ha e e i T LR
T loaeae | e Ll Te
[T o | Nenpolsr || DeE
2 —po0 || Noepolm || Linexw
s T the electronegativity of

Plarity occurs.

Geometries of Triatomic Molecules
Whether  triatomic molecule has

t Belp of dipole moment. Triato

' the bond

B ooy

The HF molecule
fhorine (3,98) is greater th
iegative and hydrogen attains
polar. On the other hand hydrogenm
This i because the two hydrogen

the effect of each other. FOt
dioxide is a molecul
?:h’“"-is’linean It has two
cancel the effect

.- i ent because ' .
dlpo.lchma‘i’:gen (2.1). Thus fluorine attains partial
an that 0:' :osiﬁve charge and HF molecule becomes

leculeis non-polar and has no dipole moment.
oatoms share electrons cqually and no bond

linear or angular geometry, it can be decided with
mic linear molecules have no dipole moment,

« of the tWO polar bonds are equal and opposite. They
momen

xample,
‘Z with polar covalent bonds. The shape of CO,

dipoles. They are equal and have opposite directions.
of each other. Therefore, the dipole moment of

(123)
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CO: IS zero. Although carbon dioxide has Bond dipeles

| > H N ol \" 0
relat“'d)' strong polar covalent bonds, CO, 15 a “U,. l‘-?;ji g
. . 2".
nonpolar molecule, On the other hand, if the 3

CO, molecule were bent, the two bond m

moments would partially reinforce each other,

3 Figure 3 34
S0 that the molecule would have a dipole Geometry of CO,
moment. ' 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 force but |

<

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

i1) Consider the water molecule which has
two polar O-H bonds. The bond dipoles point j
from the hydrogen atoms toward the more Bond dipoies i
electronegative oxygen. They are equal but do Netwd
not have opposite  directions. So they do not /\ of s
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 Figare 338
itive pole. If the H,O molecule w Geometry of Water
and s postee B : v Molecule

linear, the dipole moment would be zerg.
gimilarly, geometries of H.S and SO, are also

angular.
Geometries of Symmetrical Molecules

The symmetricel triangular planar moleculeg (BF,, AICI, and SO,) and !“'ﬂ
ules (CH,, SiH, and CCLy) have zero dipol, moments. In these M0
ancel effectof one another:

(124) ‘
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p=0 p=0
Boron Trifluoride Cubon
{Non-polar) Tetrachloride
(Nm-wpolm')

Figure 3.36: Geometries of symmetrical polyatomic molecules

ipole Moments and Geometries of Some Pol qatomic Molecules

| Effeemfno-ding on Phyﬂu' and Chemical Properties
cand chemiml pmpemgs such as reactivity,

Sconned with CamScanner
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350 §

olubility of Ionic and Covalent Com pounds
Solubi]

'ty is a measure of the amount of a solute that Wl." dls:'solv.c ina 39|Yen1
SPeCific temperature. For example, 36g of sodium ch!ortdc wn'll dissolve iy ‘00"
Water at 20°C, We say then that the solubility of NaCl in water 1s 36g/] OOg of
20°C. Why some cm;\pounds such as sodium chloride and Sugar are rcadl!y 50
I water while others, such as marble, sand and gold are nsoluble ip
Solubility is complex matter, and it is not alway:? p9551blc 10 make -.
Predictions. Solubility involves many factors but we will c?w;uss only one fau ,_
this topic. The saying “like dissolves like” helps in predicting the solubiljtw
Substance in 4 solvent. What this expression means is that two Substances yu
intermolecular forces of similar type and magnitude are likely to be soluble i :
other. For example, both carbon tetrachloride (CCl,) and benzene (CgHy) are
polar liquids, The only intermolecular forces present in these substances g
London dispersion forces. When these two liquids are mixed, they readily diswy
in each other, because the attraction between CCly and C.H, molecules:

comparable in magnitude to that between CCl, molecules and between"
molecules. On the other hand, wate :

Keep in Mind

Most of the
as ethy

— el

3.5.2 Reactions of lonic ang Covalent g .
The reactions of coyalent compoundg are mugh ::)I\)”Ou nds
brealing snd foRiin of bonds Whereas thq react‘io :
fast, because their ions are already ns

bonds.

——
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353 Directional and Non-directional Nature of lomnic and
Covalent Bonds

{onic bonds are non-directional and they do not show the phenomenon of isomerism
while covalent bonds are directional and they show the process of isomerism.

having same molecular formula but di ffgrcnt structures are
xw mzmtfe phenomenon is called iSomerism. The covalent
compound butane (C,H,) has two isomers i.e. n-butane and iso-butane.
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This theory is parmularl) useful for expla

of oxygen molecule and other substances. '
»  The bond order is the half of the difference between the number of eleg .'

in bonding MOs and the number of electrons in antibonding MOs, A b
orderof one corresponds to asingle bond: two corresponds to a double jy
and so forth. Bond orders can be fractional numbers. ".
> The distribution of electrons into molecular orbitals takes place according
Aufbau principle, Pauli's exclusion principle, and Hund's rule. |
» A covalent bond in which the electron pair is not shared equally by the ty
bonded atoms is called polar covalent bond whereas a covalent bond
which the electron pair is shared equally by the two atoms is called non
polar covalent bond.
» Thebond energy (bond enthalpy) is defined as the average amount of en ‘
needed to make or break all bonds in one mole of a substance. E m
released when a bond is formed, and energy is absorbed when a bond
broken. |
> The distance between the nuclei of two covalently bonded atoms is ca ‘

bond distance or bond length. Bond length depends on bond order; & “fi
bond order increases, the bond length decreases.

» Electronegativity is a measure of the ability of an atom to attract bond
electrons towards itself in a molecule. Fluorine is the most electrone
element whereas the cesium is the least clectronegative elcment in ‘1'

- periodic table. Electroncgativity values range from 0.7 for Cs to 4.0 for

- The difference in the electronegativity of bonded atoms can be used
determine the polarity of a bond. The greater the electronegat®
| d;ﬁuence er ‘WOMmﬂcmlbond, memonepofar

: and mgmoremmc uscharacter Tk

The product ofsleemcchmgemmthermdsofapomt,mdmm

ctween them is called dipole moment. It is a vector quantity and
magnitude “and. directxon Dipole moment ; is the measure of p¢

: ‘... ' ;' ”MOWBSrWﬂh zero lele QO th'POl&l'n )

= ’
ining the paramagneti
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Q.1

Four answers are given for each question. Select the correct one.
i) Which bond is formed firstbetween two atoms?

(a) Sigma bond (b) Pi-bond

(¢) Double bond (d) Triplebond

1) Molecules having four bond pairs and no lone pair give
geometry:

(a) Trigonal (b) Tetrahedral

(¢) Octahedral (d) Triangular

i) Which of the 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-character in each sp-hybrid orbital is:

(a) 25% (b) 33% {c) 50% (d) None ofthese
vii) How many lone pairs of electrons are there in NH,?

(2) 4 (b) 3 (c) 2 (d) 1
viii)Which one of the following atoms is the second most
clectronegative atom?

(a) Nitrogen (b) Fluorine

(¢) Chlorine (d) Oxygen

iX) Bondlengthof C=Cis:

(a) 120pm (b) I33pm (c) 154pm (d) Noneofthese

X) Acetylene molecule has:

(a) One sigma and one pi-bond

(b) Onesigmaand two pi-bonds

(e) Twosigma and two pi-bonds

(d) Three sigma and two pi-bonds

Fillinthe blanks with suitable words given in the brackets:
i) Resonance structuresare  structures, (Real’hypothetical)
i) The carbon-carbon "~ bond length is shorter than carbon-

carbon bond. (Smgle/double)

(123)
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- and ALCT, have planar triangular geometrics while
o H,nnd PCL have i iangular pyramidal geometries, as
molewk‘s the ccntrul atom 18 bonded with three other
the basnsoWSEPRtheory
owl ;spemesuSIn&theVSEPmery

- g

=l

o
- i
X -

Scanned with CamiScannes




-

Q.38.

T T— ———— ._'”
w - DA b TR ] RIS "N SR T e Sy e .-' “
! .

, Q.39.
| Q.40.

Q.41.

4 How molecularorl
5. How would you distingd

36. Whatis bond order” Expl

27. Do all the sigma molecular orbita

Q.29
Q.30
Q.31
Q.32.

Q.33

Q.34.
Q.35.

Q.36.
Q.37.

sital theory is supertorlo VSEPR (m(l\'mh
iyl between  bonding apd

molecular orbitals’ i |
ain the significance of bond order, (g1

bond orderof H,, Oy Nyand N, 1
als result from the overlap of e

orbitals?

. Explain the following w ith reasons:

(i) The molecule of hydrogen (H,) is stable and that of h ~f

1s unstable.
(i) N,isdiamagnetic whereas O, molecule | xSpammagm@

(iii) Thebond energy of N, 1s greater than O, L

(iv) Thebondarderof O, is less than 0..
(v) AccordingtoMOT the Be, molecule does not exist.

What is the difference between atomic and molecularorbital?
Distinguish hetween diamagnetic and paramagnetic wbstam@g
Draw the molecular arbital diagrams of Hes. Ca. F, and Ne;moks
Define bond energy. Describe in general how the hond eney g
elements changes across aperiod and down the group. .
Explain why bond breaking is always endothermic and bond far? 5 A
alwaysexothermic?
Explain how we canuse bond cnergies to estimate the heat ofreads
Estimate the enthalpy change for the combustion of hydrogeiess

?« -'

2Hyg) + Oygy — 2H;04, A
Define bond length. Describe the various factors. thata-f’f“’t
What is the relationship between bond order amdbandl
withanexample, y.
What is electronegativity? Discuss general trends of "ei’._ oncgall
the periodic table. . o
Explain polarand non-polar covalent bonds with sunsbleeﬁ
Polar covalentbonds are stronger than nea-palareavalam ;
Classify the following bonds as covalent, polar covaleit &= 5
Justify your answer: :
(a) ThebondinH, (b) The bond in HCI
(¢) Thebond inNaCl r

S

(132)
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Q.42

Q.44.

A5,

46,
47,

+ Amange the molecules in order o

- The dipole moment of HF 18 1.82 D and the bond length is 92

33,

The electronegativiry i lerence of two bonded atoms helps us to predict
lhk' "‘”"“'\’ I" h(l”d' lu’“'"

With the help of periodic lable, predict which atom in each pair has the
smaller values of eleet ronegativity:

(@) NNO  (b) K.Ca ©) C.Si  (d) Na.K

Define dipole Moment.
moment? Explain the re
geomelry,

What are the units and symbol for dipole
lationship between dipole moment and molecular

How can we calculate the Yage ionie character with the belp of dipole
moment?
How dipole moment helps us to find the geometry ofmolecyles?

Although the bond in beryllium hvdride ( BeH,) molecule is polarbut the
dipole moment ofthe moleculeis zera. Explain.

CO. and H,0 are triaiomie molecules; the shape of CO
that of H,0 is angular. How are their shapes differen?

Fincreasing dipole moment: HE, H,0.

» 18 linear while

HLNH;, CO, and 1.,

| pm.
Caleulate the percent ionic character ofthe H - F bond, The unit positive
of negative charge is 1.60x107°C. Is HE more ionic or less ionic than
HCI?

+ valeulate the dipole moment, in Debye, of HCI molscule. The bong

length in the HCI molecule is 127pm and the charge on each aton i
1.60x10 "C.

CIF gas js inter-halogen compound (the compound which has bonds
between different halogen atoms), The bond length of the moleoyle is
163pm and the dipole moment of the molecule is 0.88D. Caleulate the
unit charge on the atom thathas partial positive charge. -

Separate those molecules, fiom the molecules given below, whick have
dipole momeny equal 1o zero: : |

® HBr iy cl, i) SO, (i) GHy () HO

vi)cs, (vii) CH, (vm)Cl-ICl, '(lfc) NH, (_x’)“ ’Snljl‘. i
Wha is the meaning of the expression “like dissolves like™ Explain witt
Suitable examples,
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