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4.1, Geners ; S
-4 A-_*_v“!j.‘.l-{'ﬂlnhmlm.lmn— Molecules and Chemical Bond

Atoms are usually not capable of free existence but groups of atoms of the same or dgifferent elements

CXISLas one species, e.g., Hy, O,, P4, Sg, Hy0.

A group of atoms existing together as one species and having characteristic proper ties is
called a molecule. :
Obviously, there must be some force which holds these atoms together within the molecules.
This force which holds the atoms together within a molecule is called a chemical bond,
A number of questions now arise :
(/1) Why do atoms combine ?
(if) Why are only certain combinations possible, e.g., hydrogen exists as H, and not as H; 7

(/if) Why do some atoms combine while certain others do not, e.g., two H-atoms combine to form H, but
two helium atoms do not combine to form He, ?

(/v) Why do molecules possess definite shapes, e.g., CO, is linear but H,O is a bent molecule (V-shaped) ?
Similarly, BF; is planar but NH; is pyramidal.
To look into the reasons for the answers to the above questions, different theories have been put
forward from time to time. These are :
. Kossel-Lewis approach 2. Valence Shell Electron Pair Repulsion (VSEPR) theory
3. Valence Bond Theory 4. Molecular Orbital Theory.
[n this unit, we shall discuss each of these one by one.
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iinber of —— o con ol :
A'“; hi lu"i ey ,wcw""""’ to explain the formation of chemical bonds in (‘ers °! Clw‘:““.‘.;hm
it was ulmi:/m O when Kossel and Lewis suceceded independently in piving i satisfactory :x!};mn Iul}
e thelt Hheot ' A . Plectronic Theory o
gios? l Where A ;:Jnn lm:;c‘.l ont the electronic concept of atom, so it is referred 10 ‘M‘%wﬂn
.‘.M/m“'ry'. al !'m sossel’s fleld of study was Jargely limited to inorganic compounds, Lew!s CRh, ‘
sention malnly 1o organle compounds, ‘

The st i S L { - JI
(e study of noble gases, earlier called inert gases, (Group 18 clements) suggests that neither they

cormbine .(Jm;]?u"“y with any other element nor among themselves, i.e., they are chemically inert. Further,
heir electronie conflgurations are ay follows ;

Nable gas Atomic No, Electronic Configuration
Helinm b) )

Neon 10 2,8

Arpon 4 2, 8,8

Krypton Jo 2,8, 18,8

Xenon 54 2,8,18, 18,8

ftadon B0 2,8, 18,32, 18,8

From the study of electionic configurations of the noble gases, it is clear that they have 8 electrohs in
their outermost orblt except in case of helium which has 2, Thus, noble gases arc inactive or stable because
they have # electrons in the outermost shell (called octet) or 2 electrons in case of helium (called duplet),
Hence, it was suggested that they possess stable electronic configurations, In case of all other elements, the
aumber of electrons in thelr outermost shell is less than 8 and hence they are chemically reactive, This led
w the following conclusion, called octet rule ¢

The atoms of different elements combine with cach other in order to complete their respective
octets (.., 8 electrons in their outermost shell) or duplet (i.c., outermost shell having 2 electrons)
In_case of 11, Li and Be to aftain stable nearest noble gas configuration,

4.3, How do Atoms Combine ? (Modes of Chemical Combination)

A« discussed above, atoms combine together in order to complete their respective octets so s 10
acquire the stable inert gas configuration. This can occur in two ways

I, Bty complete transference of one or more clectrons from one atom to another. This process is
referred to as electrovalency and the chemical bond formed is termed as clectrovalent bond or ionie bond,

2, By sharing of elecirons. This can occur in two ways as follows :

(a) When the shared electrons are contributed by the two combining atoms equally, the bond formed
is called covalent hond. ‘

(by When these electrons are contributed entirely by one of the atoms but shared by both, the bond
Jormed is known as a coordinate bond, also called dative hond,
4.4, Lewls Symbols - Representing the Valence Electrons

In the formation of & molecule, only the outer shell electrons are involved and they are known as
valence electrons, ‘The inner shell electrons are well protected and are generally not involved in the
combination process, It is, therefore, quite reasonable to consider the outer shell electrons, i.e¢,, valence
shell electrons while discussing chemical bonds.

(N, Lewis introduced simple symbols o denote the valence shell electrons in an atom. The outer
shell electrons are shown as dots surrounding the symbol of the atom. These symbols are known as Lewis
Yymhols or electron dot symbols. These symbols ignore the inner shell electrons, A few examples are
Kiven below ! e :

'l.i ' 'HC' ' 'B' ' oCe H\ CI 4 S .

'?' ..I "
LI | -NC-

. (]
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mbol gives the number of ey,
Wis symhals. The aumber of dots ‘”mmf, dm;l);;?;;;tzhlhs common valeticy of (e
REEST il WIS shell. This number of electrons hel[P‘-"‘r:,?m‘
ST ? hv T S e called vvilormss e ’ :
\‘hih-l\_!» Fhai 1s Why ihese clectons are called valence shell ¢ ber of dots in the Lewis b (if this s
38 PRI Vaileney af the elemeny is ¢ither equal to the num
WIS ) 0r X s ohe number af daiy (i these are > 4) 4 respectively. Le. equal to the bipibey o
Py Exnple, Li, Be, B oand © have vilencies [, 2, 3, and {Cpf i.e.. 8 minus the numbet of dyrs
Witk Whereas vlencies af N, O, Fand Ne are 3, 2, 1 and 0 respectively, ie.,
MNiow, we shall discuss ciach type of bond one by one.
alent or Tonle Bopd
e e ULURU DT

Whow o bundd is formed by complete transference of electrons f.rom one alom 2’” 7" "’:f j:: "’("f i"’-
W vamiplais their eermost orbits by acquiring 8 electrons (i.e., octet) or 2 elec Y ",‘j'f
Auplen) in caso o hydrogen, lithium etc. and hence acquire the stable nearest nobte geiy
Vi raion, the honi

! formed s called ionic bond or electravalent bond.
Explanation of the

formation
S wmber o prorons

did ele
WOW the mmbher of DEtong exce

v s g

ﬁilmiﬁmuufu wl e

18, Kleotroy

of ionic bond. Atoms are electrically neutral. Thersfors, they posseey
“trons. On losing an electron, an atom becotnes positive ¥ chatged cipee
eds the number of electrons.

A—s AT 4 o )
O the wilyer hand, in case of atom, gaining the electron, the pumber of electrons sxcoeds the nitrrbiet
OF Potons and thus (he Aom becomes negatively charged.

B+e—p
The apposirely charged particles formed abave attrace esch other by electr
The Bengd iy formed is known

Urostatic forcey of attr s o,
as electrovalenr or tonic bond.

- Sieh o Ype of bond is form

galt electrons and thus eiach

ed only when one of the atoms can casily lose slactroms while the othey ra)
Acquires the stable electronic yrangement of the nearsst nobls 2y,
Examples

(h Formation of sodium chloride,
2B 1 By Josin

e electromic tonfiguritiog
£ one electron of its outermost shell, it acquires the mert ga comfiguration of neon atied
changes into sodinm ion, =
y Na. —_— s N3t . >
2.8 &

Z.3
number = 17) having efecarone e

U—'Iljé'iﬂ”i*bsm 2, ;:Q 7 ROty e
U5 octet and acquire stable Conigaration of wrgos In this progess,
chlorine is converted into chloride jon.
e = _ - _r_
8.7 2.8,
Now, we have two species,

one is positively charged sodipm o8 Id g ST 1 e putyve chaged

i : = = U o
chloride ion, As they approach each other, they are held ogether by SR olecy ic Sorges of ;d;rA;'li}srl
CThus, formation of sodium chloride takes place. i 0.

P r --. - 1 1.1
$ : [Na}* + [CI] —— NaJ" E:c‘.i:é’
| The above steps may be represented directly as follows -

ch'u

- N G-
(L1 38y o

[ 248 ¢ o

- "’. .
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alcium (atomic No = 20, electronic configuration =2, 8, 8, 2)
ible noble gas configuration of argon. As a result, it is converted into
-~ ealein other hand, Nuorine (atomic No. = 9. electronic configuration = 2, 7) can gain one -
lectron (0 acquire the stable configuration of neon. As a r:asult. it is converted into fluoride ion.

Here, calcium atom loses two electrons and forms calcium jon with two units of positive charge and
the two electrons are transferred to two fluorine atoms. which are converted into fluoride ions, each with

~ one unit negative charge. These oppositely charged ions are then held together by strong electrostatic forces
of attraction.

(2) Formation of calelum fluoride, ¢
Joses two electrons (o attain the sy
n fon, On the

— [ Ca ]2+ or CaF;
K’ 2,8, 8
F [:'F':]
2.8.8,2 2,7' 2.8

Ca

Some More Examples of Formation of Ionic Bonds :
(1) Formation of magnesium oxide from magnesium and oxygen.

®: [ms] [:5:]”

Mgi 0O0: — |M :0:| or MgO
B o g 0
2,8,2 2,6 2,8 2,8

-

-.E’:r: ’ ['Br]
Mg/' Bt [ Mg ]2+ or MgBr,
-.E;ol': [Zgr:]

(2,8,18,7) _ (2,8,18,8)

) Formation of calcium sulphide.

‘ e
Ca m — G [:S: or CaS
N 2,8, 8 :
(2,8,8,2) (2.8,6)
:ﬁ)‘For'matlun of sodium sulphide.
'..r' A Nﬂ/\ [Na][+ 5
: 2,8 2,88
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. electrons present in (he
way that the ele f

When the siructures of atoms or fons are written in such i whol of the element, as it the

. he syn
owtermost shell (valence shell) are represented by dots (o) around the =Y
“Crmmples above, these structures are called Lewls dot structures.

P . , of an elec
The number of electrons lost or gained during the formation 4
termed as the clectrovalency of the element,

trovalent linkage iy

vilencies are | and 2

j i respectively and so thelr
For example, sodium and calcium lose 1 and 2 electrons respectively eatovAlSy of s

HEess e
Similarly, chlorine and oxygen gain 1 and 2 electrons respectively, 50 they possess il
and 2, In ather words, valency is equal to the charge on the ion. o acts several negative jong
The electrostatic Jield of an ion is non-directional. Each P”"*“"ve ,m" "“iﬂf" ‘. nr:Vf:,ml pn_-';ili‘lc 1ons
arotned j|"§fr;pgn; Ing upon 1S siz¢ or radius. iTarly, each negative 100 ull{u_’j' : ) ;u,;i!:*l,'/ charged iuﬁ;
resulting into a three dimensional solid aggregate called an ionic Cl'Y-"""l',l" W!HIL S 1{,l(., _.‘[,.,] g-;,f;},’c;',(]i“,,-,
alterniste in regular, continuous, geometrical pattern. For example, in smh'um ch 4‘nu g € qjl/l n';';cml sodinm
ion is surrounded by six equally spaced chloride jons and each chloride ion by :5fx’ ?‘W', [); .{,'”;)_rd.;’.mi”
iom%, 30 that there exists an overall electrical neutrality (see Fig. 4.1, page 4/8), This i called ce S
number, Thus, coordination number of Na* and CI- jons in NaCl is 6,

(‘ Fifire

nation number of ap jon may be defined as the number of oppositely charged long
present as the nearest neighbours around that ion in an ionic crystal,

V) v
A 1 O3 78 vernine the Do ool . y :
4.6, Factors Go /eining the Farmation of lonic Bonds

- The formation of jonic bond involves _
(i) the formation of a positive ion by loss of electrons from one kind of atoms,
(i} the formation of 2 negative ion by gain of electrons from another kind of atom,
(iii) holding the positive and negative ions by electrostatic forces of attraction,
The formation of ionic bond depends upon the following factors :
(i) Iunisation Enthalpy (Iouization Energy).

nanion enihalny of any element is the amount of energy re
Sfrom the outermost shell of an isolated atom in gasesous

gaseous posilive ion.

quired to remove an clectron
phase so as to convert it into a

Iz is clezr that lesser the ionisation enthalpy, easier will be the remov
)".i"j Ve 3

al of an electron, f.0,. f i
. : S 2., formation of a
ion znd hence greater the chances of formation of an tonic bonc ., i g

ﬁ L Tonisation enth; [
| ‘ : at lpy (LE.) of alkali
- mezzls (Le., group | elements) is Jow, hence they have more tendency to form Positive iony, In cane of 'alkzdi;xc
' : 5 .. A * N [ ¢

ths (Le, group 2 elements), although the formation of positive ions tikes place (because ionisation energy is

s (L ‘ - ; i I )

ot figh) but the LE. 5 are higher than Lhosc? of group | elcmcms. hence the f()rm;uiun of positive ons is g:{r 5
vy 2 in cae of 2lkali metals. For example, in case of sodium, the LE. 5 495 k)/mole ' Pl e

‘ . ; g ) while in case
1 is 742 k/mole. So the formation of positive ion of sodium is easier thap that of magnesium { magncsium,
) < il ’

= -

495X mol !
Na(g) ——— Nat (8) + ¢
. 743kImol™!
Mg (8) ——"s Mg* (g) 4 o~
i The energy required for the removal of second electron from Mg* jon
wery migh (because after {13:: removal of the first electron, the effective nuclear chyrpe
AR - diffic iy ; 0 CIATEe increases), He
rrtion of divalent j?.lg 10n bccomis difficult. Sum]arly, In case of iilllminiunf, the f ' "'L"’)f chcc,. the
\eharzed AV ion requires 3138 KJ/mol™ (as the sum of jis Ist, 2nd ang 3 i0njs: t" . f)r,r1::{1r1r1 of triply
§s ot gemerzily possible to form this Ton since such 3 energy is 219N enthalpies), hus, jt
Bk ge - . — Tl Bt § 5 HOU available in o1 ™
escricn. Hence, the formation of BIghly charged species fs rare: Tt gy (he. Be Conclidig g, Cemical
ines of ionisztion esthalpies, greater the chances of jonjc bond formation, Hded that lower the

(second ionization enthalpy) is

Scanned by CamScanner



2 CHERIE A i L MO LEC UL AR STRUCTURE | | |
P . (A 0§ L : R : R RN :
(i1 Eleebod Gt Balhalpy (Electron Affinity) "y "

j & N LEETT -rf_"- ofiy ai K}

et Gatn cuihalyy of an element is the enthalpy change that takes

;"f:ﬂ't‘ Wher it #xli dleciron is adde Ry . to fa
T I to an isolated atom in the gaseous phase form a

i “'l g!}ﬁ‘}t_’;‘ I.ll'ti‘ P:'Eti"i‘l"'i '“”'-"PH-‘?‘-@—'!E 15 the energy released and stabler will be the negative ion produced.
L,l,'n-:i:-mt:::ld\. ‘.'t; T f:iln ?lllw AF Iarmation of janic bond will b entanced. Halogens possess nigh electron

s 1 ’ A1 ne : : . > . .
11”"‘;- i'”' ' l"" MRy :"“_“}}““” Negative ions is very common, e.g., in case of chlorine, electron affinity is
pME Il L6 AT () e ——5 OF & 38 Kimole  or EA. =+ 348K mol”

.Henrgi ihe Jhiohmmm vl r_-nm negative ions easily. On the other hand. elements of group 16 form
divalent negalive lone (hy gaining two elecirons) but not so easily. This is because the second electron
alfinity It case Wl Whese elerients is negative, j.e., energy is required to form divalent ions. Let us discuss the
case OF OLyRel. '1““"*_”“"3”” will wdd up one electron o form monovalent ion which is accompanied by
release of certitn amonit of energy. But in the process of addition of second electron 0 the monovalent
paygen I“-‘“- *‘"*’U!_\" i3 peqiired 1o overcome the force of repulsion exened by the negatively charged ‘Q/

wnovalent ion 1o the Tncoming elec
fl | | “‘l lng ;,lcu_mn. o g{\,{j\w
‘\“.5“ t & — 07 (g), EAj=+ 142 J mol ™! 6‘&‘0 =
oy | 0 (g) + &= — 0¥ (g), EA, =~ 693 kJ mol™’

S0 electron affinity for the averall process will be given by EA = + 142 - 693 = - 551 kJ mol™L.

The negative sign indicates that energy is required to form divalent oxide ion. Similarly, in case of
formation of trivalent pegative ions, the amaount of energy required will be much higher. Hence, monovalent
species are most continon, divalenf are rare and trivalent are rarer.

[ Note Carefully (it (he tenn used in the above discussion is Electron Affinity (A,). However, now a |
days, the tern Hlecton Gain Enthalpy (A, H) is used in place of Electron Affinity (as discussed in unit |
1), The two are taken s eqoal in mugnitude (as A,, H is only slightly higher than A,) but opposite in
1 has siaie algn s required according to thermodynamics, ie., if energy is released, it is |

Csign. A,
given @ =ve sign, A, his algns contrary 1o thermodynamic conventions. 3

il from the sbove discussion that jonic bonds are geperzlly formsd berween the

It may be conel : : are
atorns of the elements pliced on the left and on the right side of the penodic 12ble.

(i) Lattice Enthalpy ( Littice Energy). In the formation of ionic compounds. the positively charged

ions combine with negatively charged ions to form the compound.
At (g) + B (g) — ATB7(3)

Th{_ﬂiﬂm’. Ilg[m,\'_ml_ when the requ isite m:'mber of paseous porirfre and negative ions combine
to form one mole aof the lonie compound is called [:iiice cihaioy. :
The higher the value of lattice ‘cf_lll.l}alpy of the resulting ionic compound, ihe greater will be the
tability of ile compound amd hence greter Will be The ease of 1t fonnzton.
“‘,;‘G"j';;'”,",',i he force of attraction hetween the o_ppo-sitcly charged ions is directly proportional to the
magnitude of the charges (1) and inversely proportional 10 the sgoars of the distznce (d) berween them,
@ *9

Force of attraclion = ——
. ad-

Le.,
o valug of lattice enthalpy depends upon the following two faciors -
The higher the charge on the ions, greater is the force of amraction and hence

Jensed,
{ some lonic compounds are in the onder :

Hence, th
(a) Charge on the lons.
larger is the amount of energy re
For examjle; lnttice enthulpies 0

" NaCl < CaCl, < MzO
( ‘I;';M] ; (— 2254) T i~ 35375 &5 mol™?
| iBiEraalenty

(Ui tintvalent) { Bi-univalent)
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| : lear distance
. i i : » the internuc
. * . factor, 1.€.,
" (b) Size of the ions. As highly charged species are rare, the other

i ill be mor,
.« large, internuclear dlsiﬁlﬂg?ﬂw‘s'b—ﬁ‘r‘éé of:c
between the lons becomes more important. If_the size of the 10n$ lsc:,l]fc ,cul' isfance 15 cs."i an
and force of attraction will be less while in case of sma ’ i

attraction is preater- e Plug :
) thel()r er.
For example, lattice enthalpies of some.ionic compounds are mCaF S 'CaCls, . BeO < MgO
NaCl > NaBr, LiF > Lil, AgCl > Agl sgl) (- 2254)  (-3125) (-3932)
(- 758) (- 752) (- 1033) (- 140) (- 895) (- 795) (= (zr < repr)
(r B~ > I'op-) (r=>> ') (n->r, Cl_) F

ill be
ke thalpy, the net effect wi
Net effect. If Lattice enthalpy + Electron gain enthalpy > Ionization enthalpy

elease of energy and hence an ionic bond is formed, ; Is (becal’lsc of low-ionization
Most of the ionic compounds are formed between cations from I:et:in enthalpy). However, a very
-enthalpy) and anions from non-metals (because of high negative electron g

(as BeO has greater covalent character. Refer to Art. 4.21)
y

i ts. A large
. I ) . on-metallic elemen ,
common exception is ammonium ion (NHI) , i.e., a cation made from two non: :

number of ionic compounds are known in.which NHj is the cation,

Born-Haber cyc]é for calculation of lattice enthalpy has been discussed in unit 6.
4.7. General Characteristics of Ionic Compounds

" The ionic compounds possess the following ‘characteristics :

1. Physical State. These compounds usually exist in the solid state.

2. Crystal Structure. X-ray analysis of the ionic compounds shows that they exist as ions and not as
molecules. These ions are arr

anged in a regular pattern in the three dimensional space to form a lattice.
The pattern of arrangement, however, depends

upon the size and charges of the ions. For example, _ ) pRICURE 2.1
in case of sodium chloride, each sodium ion is : Croms - :?
surrounded by six chloride ions and each chloride . Nate—p r ,,2 [ ‘?
Dy six sodium ions, thus giving rise to a three _ . ‘_)7 .
limensional octahedral crystal strucutre (Fig, 4.1), o B

'he formula of an jonic compound merely indicates J

he relative number of ions present,

p

3. High melting and boiling points. Ionjc
dompounds possess high melting and boiling points, Representing Na*
his is because ions are tightly held together by L°£;‘$:I’{‘:°d
rong electrostatic forces of attraction and hence g

; . by 6 CI™ ions
ge amount of energy is required to break the crystal
tice. IR

4. Solubility. Electrovalent compounds are
uble in solvents like water which are polar in
ure and have high dielectric constant. It is due to
reason that the polar solvent inte

€ity in solutjo g
- As the jo > Or In the

ns are chargeq, they are
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i i : . » reactions between the ions
6. Ionic rea.ghons. The reactions of the ionic compounds are, in fact, e r‘:‘!J::"m‘c therefore, quite
prodﬂfed in solution. As the oppositely charged ions combine quickly , these reactions ate,
+ Ol + NO- :
fast. [e:8 Na™ C17 (aq) + Ag™ NOT (aq) — AgCl (5) + NaNO, ()],
" SUPPLEMENT :
yOUR KNOWLEDGE

1. The dielectric constant of D,0 (80.5) is slightly less than that of H,O (82).

The dielectric constants of some solvents are given below : Ether
Solvent Water Methyl alc. Ethyl alc. Acetone ad
Dielectric const. 82 35 27 21 '

:trons
ent numbr of elec !
ample, Fe forms Fe
ble ion is the

. Variable electrovalency. In case of fransistion metals, certain atoms can lose differ
to acquire a stable configuration, Hence, they show variable electrovalency. For ex
and Fe** ions and Cu forms Cu* and Cu2* jgps, As already discussed in unit 2, the niore sta For
one which has more stable core, i.¢., the configuration obtained after the loss of valence electrons. o
example, Fe3* salts are more stable thap Fe2+ salts
wFe=2,8,14,2
F?2+ =2,8,14=[Ne]l03 423,63 46 (unstable core)

Fe}*=2,8,13=[Nej]l03 423 p® 3 d 5 (stable core)

Cu?* salts are more stable than Cu* salts.

0Cu=2,8 18,1 . . abs

Cu”=2,8,18=[Nel'®3523 p63 410 (stable core) an g

Cu**=2,8,17=[Ne]'03 23 1% 3 d 9 (more stable core) - ;

Greater stability of Cu®* than Cu* is due to the fact that the nuclear charge of Cu is not sufficient enough

to hold 18 electrons of Cu* ion present in the outermost shell. _ "

Similarly, in case of heavier p-block elements like Sn and Pb with the valence shell configuration ns? np?,

all the four electrons may be lost giving a valency of +4 or only p-electrons may be lost giving a vdlency of
+2 The s-electrons remain attracted by the nucleus due to poor screening effect of the intervening @ and f

electrons and do not take part in bonding. The effect is called inert pair effect.

[\
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