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Introduction—The alectronic configuration of ale-
ments is intimately related with properties of elemanis,
The recurrence of similar properties of alaments after
cartain regular intervals, when they are arranged In the
order of increasing atomic numbers, is only on account of
recurrence of similar type of electronic configuration in the
outermost or valency shell of the elements. Thus all
elemants belonging to a particular family (group) have
similar cuter electrenic configuration.

The causa of periodicity in properties of slements
lies, therefora, in tha recurrence of similar outer alectronic
configurations of their aloms at a certain regular intarvals,
Thus there is no denying the fact that the properties of
elements totally depend upon their electronic configura-
tien. In order to understand the nature of chemical bond, it
is necessary to have adequata knowledge of carain
atomic properties.

Following are some imporiant atomic properties of
alamants which have their bearing with elactranic confi-
guration.

lonization Energy

It is tha anargy raquired to pull an electron from an

isolated gaseous atom.
Mg =+ Mg + 6

To measure the onizaiion potantial, energy can be
added to the neutral atom to raise the outermost electron
to higher energy levels. When the electron falls back, it
amits energy, which can be viewed as spactral lines. A
whole sarias of lines will ba obtained corresponding to re-
emission of energy from various excited states. The
anargy amittad converge on a series of limit correspon-
ding to return of an electron from the farthest removed
orbit to the K shell. The series limit is equal to the
ionization potential. It gives a direct measure of the
anargy required to remove the electron from L shell to
tarthest removed orbit that is completely away from the
atom. The ionization energy is measured in kJ mol™" or in
alactron volts.

The factors affecting the ionization energy

(i} The size of atom

(i) Effective nuclear charge

{iii} E:tliil:t of panetration of valency shell into inner

sna

(iv) Electronic configuration.

(i) Atomie Size—With the increase in atomic size of
the atom, the ionization energy decreases because as the
size of atom increases the outermost shell lies away from
the nucleus and the electrons from this shell can be pulled
off easily or with less input of energy. Smaller the size of
an atom, greater will be its ionization energy.

(ii) Effective Nuclear Charge—In a multielectron
atomn, the whole of the nuclear charge is not affective on
outermast alectrons. The alectrons of innar lying energy
slates exercige repulsive affect on cutermost electrons.
Therefora, the electrons present in the energy states
betwesn nucleus and outermost shell act as a screen or a
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shield for nuclear attraction on outermost electrons. This
is known as scresning or shislding effact.

The magnitude of the screaning effect depends upon
the number of inner electrons /9., the greater the number
of inner electrons, greater shall be the value of screening
affect. The screening effect constant is represented by the
symbol o. The magnitude of ‘s’ is detarmined by the
following empirical rules known as Slater's rules—

(1) The varicus erbitals are grouped as follows starting
from the side of the nucleus.

(1) (25 2p) (35 3p) (3d) (45 4p) (4d) (4F) (Bs 5p) atc,
{ii} For an alectron in a group of 5, p electrons the
value of screening constant is determined as follows ;

{a) Mo contribution from any electron present in
groups of onbitals lying on the right hand side of
the group in which the electron is present.

() A contribution of 0-35 for each electron present
in ns and np orbitals. A contribution of 0-30 from
the ather electron in 15 orbital i the electron for
which the shielding constant is 1o be calculated
belongs to 15 orbital,

{c) A contribution of 0-85 per electron from all elec-
trans present in {n— 1) shell,

{d) A contribution of 1.0 per electron from all elec-
trans present in {n— 2)M and the next inner shell,

{iii) For am alectron in a group of d or f electrons, tha

rules (i) a and (i) b apply as such. However the rules (i) ¢

and (i) d are replaced by the rule that the contribution per
electron from all electrons in the inner shalls is 1-0.

Example—To determing the affective nuclear charge
falt by a 3d electron of chromium atom (£ = 24).

According to Slater's rules the grouping of orbitals will
ba

{18%)(24% 205)(35° 3p5)(30° )(4s")

There will be no contribution fram 4 5 alactran,

. Zgy felt by a 3d electron of Cr atom

' 24— (035x 4+ 18x1.0)
= 4.60

Remamber

& With the increase in effective nuclear charge, the
value of ionization potential increasas.
lonization potential = Zy.

o With the increase in screening effect, the nuclear
attraction for cutermost eleciron decreases, hance,
ionization potential also decreases.

- ) 1
lonization potential = Ecraaning sffect

On moving from left to right in a period, the effective
nuclear charge (Zgy) constantly increases. therefore, the
value of ionization polential also increases,
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On going down the group nuclear charge (Z) gradu-
ally increases and atomic size also increases. There is
increase in the number of inner electrons which shields
the valency electrons from the nucleus. The overall effect
of increase in atomic size and the screaning or shielding

effect is much more than, the overall effect of increase in
nuclear charge (Z). Consequently, outarmost electron is
less and less tightly bound to the nucleus, as one movas
down the group. Hence, ionization energy decreases as
one goes down from top to bottorm in any group.

First lonization Energies of the Elements (k) mol™!)
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First lonization Ensrgiea of the Elements

(iiiy Extent of penetration of valency shell into
Inner shells—The ionization energy of elements depe-
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nds upon the nature of subshells (s, p, d, f)in which
electron is present. The ionization energy for pulling out
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an electron from s-subshell is maximum and is minimum
for felectrons of the same principal shell. Thus ionization
energy for a given anergy level decreases in the order,
s>p>d>f

This is on account of the fact that s-orbit penelrates
mora into inner shell than p-orbit which in turn penetrates
more than d-orbit and so on.

For example—
Be P =948V perier

152 |IPofBe=IPofB
|.P. =8.4aV
Bt+eg™

B
152,252 2p
LP.=7-6aV
—_—

Mg*+ e
152,23'2\92;:5,353 o

IPofMg>IPof Al

LP.=598eV

Al
152,252 205,352 3p"
The variation in the first ionization enargies of the
elements are shown in the figure. The graph shows threa
features—
1. The nobla gasas He, Na, Ar, Kr, Xe and Bn have
the highest ionization energies in their respective

transition series, where 3d shell is being filled. Due to
delayed contraction effect, the atomic size of Ga is small
than it would otherwise be. A similar effect is observed
with the second and third transition series in the groups IV
and V elements.

The ionization energies of fransition elements are
slightly irregular, but the third row elements starting at Hf
have lower values than would be expected due to the
interpalation of 14 lanthanide elements between La and
Hf.

(iv) Electronic Configuration—Certain electronic
configurations are more stabla than others. For example,
it an atom has fully filled or half filled orbits, its ionization
energy is higher than expected normally from its position
in periodic table.

For example Be and N in second period and Mg and
P in the third period have slightly higher ionization
potentials than expected. It is due to extra stability of the
fulty filled s-orbils in Be and Mg and half-filed p-orbits in N
and P.

lonization potentials of some elements are given
below in alectron volts—

periods.
Li Be B c N O F Ne
5-4 932 > [s2s 11.26 1458 > [1361] 1742 2458
Na Mg Al 5 P ] a Ar
514 |?_§._4 = |5-_9§|| 815 10-48 > 13.01 21.56
I '
K Ca Ga Ge As Se Br Kr
4.34 611 ES |6-00] 7.88 981, > [975] 10-84 13.99
Ab Sr In Sn Sb Ta I Xe
4.17 |5.eg - 5.78 7-34 B-64 9-01 10-45 1213
I
Cs Ba Ti Pb | Bi Po At An
3.89 521] > [510 7-41| 7.28 8.43 840 1075
2. The group 1 metals Li, Ma, K and Bb have the Exceptions

lowest ionization energies in their respeclive
periods.

3. There Is a general upward trand in ionization
enargy within a horizontal period. For example
from Li to Na or from Na ta Ar.

The values for Ne and Ar are the highest in their
periods because a great deal of energy is required to
remove an electron from a stable filled shell of electrons.

The graph does not increase smoothly. The values
for Ba and Mg are high, and this is attributed to the sta-
bility of a filled s level. The values for N and P are also
high, and this indicates that a half-filled p level is also
particularly stable. The values for B and Al are lower
because removal of one electron leaves a stable filled s
shell and similarly with O and S a stable half filled g shell
is left.

Deparure from expected trend occurs in group |1,
where axpacted decrease occurs batween B and Al, but
the values for remaining elethents, Ga, In, Tl do not
continue the trend and are irregular. The reason for the
change at Ga is that it is preceeded by ten glements of 15t
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LP.ofN=LP ofQ
ILP.ofBe>1.P.ofB
ILP.ofP=| P ofsS
I. P. of Mg = I. P. of Al

Measurement of lonization Energy

lonization enargy is generally measured by the
spectroscopic techniques. Another method is 1o get the
vapours of the element in a discharge tube and connect it
to the source of currant. The voltage applied is gradually
increased, At a certain voltage there will be sudden rise in
the current flowing through the tube. The energy
corresponding to this vollage Is known as the first
ionization potential. The sudden rise in current is due to
liberation of an electron from each neutral atom,
producing cation.

Ii the applied voltage is increased further, there may
again be a sudden rise in current passing through the
tube. This is dua to the elimination of another electron
from each positively charged ion (M*) produced earlier.
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The energy corresponding to this change is known as
second ionization potential. These point to sudden rise
in current correspond to the loss of three or more
electrons and give third or higher lonization potentials of

the elements.
M-UPL, e 4 e
M+ —'['Elz—) M2+ 4 g
M2+LF'}3_, M3+ 5 o

Remember

¢ lonization energy is measured in electron volts (eV)

& Electron Volt (eV) 15 the energy acquired by an

alactron having charge of 1-602 = 107" coulomb,

moving wndar the fall of potential of 1 volt.

18V = 1.602 = 1077 Joule.

1 million glectron volt, MeV = 1-602 x 107" Joule,

18V =1.602 x 1079 Joule or 1.602 = 10722 k Joule.

The values in alactron volt give ionization energy per

atom of element and those represented in K joula are

energies of per mole of element that is per Avogadno
number of atoms of the efemant.

o The ionization energy of hydrogen is 13-60 eV per

atom and 13-80 x 1-602 = 10°% x 6023 = 107 =

1312-00 kJ per maole af hydrogen.

(P < (IP)p & (1P e

lonization potential = Effective nuclear charge.

lonization potential = g7z of i

In the respective pericds, the lonizalion potential of

alkali metals is minimum and that of inert gases is

maximurm.

e Aluminium and Gallium are the elements of same
group (11}, they have same value ofionization energy.

IP of (3Al = IP of 5,Ga
This is due lo the presence of filled 3d orbit in 5, Ga,
which causes the contraction in the volume of 5,Ga
alam.

e lonizalion polential of AU is higher (han 4,Ag,
though they are the elements ol same group (IB).
This is on account of delayed effect of Lanthanide
contraction on the Au, whereby the atomic size of Au
dacrease and hence has high |. P. value than Ag
which is beyond the expected trend.

Excitation energy—The energy reguired to take
away an electron from ground energy state to nth
state is called excitation energy.
The energy required to send hydrogen electron from
n =110 n = 2 energy state is called first excitation
energy.
First axcitation anargy = Es - E,

E; = -136aV

Ex = —13-6:-:‘_’222:—1&6:: L;%‘.’

= =136 :-:i =-34 eV
Hence, first axcitation energy

= E;-E;=-3.4-(-13.6)

= 102 eV
The energy required to remove an electron from any
excited state of an atom is callad saparation anargy.
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Applications of ionization energy
1
lonization potential -
1

Relative reactivity of metals -

Metallic character of elaments = iomization ntial

. 1
Reducing power of elements = lonization potential *

Alkaline nature of metallic hydroxides = P of metal

Determining the stability of oxidation state of
elements.

It the difference betweaan two conseculive onization
potentials of an element is about 10 to 15 eV or less than
this value, than higher cxidation state will be more stable.

If this difference is 16-0 eV or more than this value,
then lower oxidation state will be stable.

Mustration

The difference of first and second ionization patential
of Mg is 7-4 eV. Hence, Mg2* will be more stable than
Mg*. Similarly the difference batween first and sacond
I. P. for Na is 42 eV. Hence, Na* state is more stable than
MNa*r,

Electron Affinity

Electron affinity is the amount of enargy released
when an electron is added to a neutral atom to form an
anion,

A + e— A~ + Energy

The greater the energy released, higher will be the
alectron affinity. The first electron affinity is always
negative, the second electron affinity of the same element
will be positive. This is so because second electron has to
be forced to enter the mono negative ion.

Og + o5, O
D"tm + -E-:-E—.zr DZ—{U}

It follows that the energy required to form the ion
must come from some other source, such as latlice
anargy when the ions are packed together in regular
arrays to form a crystalling solid or from solvation energy
in solution.

It is always dangerous to consider one anargy term in
isclation, and a complete enargy cycle should ba
considered whenaver possible. The electron affinity
cannot be determined directly, but is obtained indirectly
from the Born-Haber cycle.

Born-Haber Cycle

This cycle was formiulated by Born-Haber in 1919, It
relates the lattice energy of a crystal to other thermo
chemical values. The enargy terms involved in forming a
crystal lattice such as NaCl may be considerad in varipus
sleps. The elements in their standard state are first
converted to gaseous atoms and then to ions, and finally
packed into a crystal lattice.

The enthalpies of sublimation and dissociation and
the ionization energy are positive, since energy is

supplied to the system. The enthalpy of formation, -

electron affinity and lattice energy are negative as enargy
is released in these steps. According to Hess's law of
summation of energy, the overall energy change in a
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process depends only on the energy of the initial and final
states and not on tha route adopted. As can be seen from

the following figure, the enthalpy of formation [AH] is the
algabraic sum of tha terms going round the cycla.

AHy = AHg+1+3 AHg+E+U

+ 800D
Maf,",] +c‘m — hhl';:l 1-'015}
# Enthaipy of Electron
dissociation atfinity
(aHg) =
E fi]
(ki mart)
Nﬂ&} +E|Em
mfn]- + i"uzlﬂ]'
+'m T £
lonization enengy
(")
Na ) +  Claal Lattice
Yy enargy
Enthalpy of sublimation (%))
(aHg)
99 || Nagg + $ Clata |
Enithalpry of
forrmaticn
(AH)
NaCl A
_400 {Crystal)

Borm-Haber cycla for the formation of MaGl
All the terms except the lattice energy and electron
affinity can be measured, Originally the cycle was used to
calculate electron affinities. By using known crystal
structures, it was possible to calculate the lattice energy,
and hence, values wera obtained for the electron affinity.

Ay = +8Hg+143Hg+E+U
Far NaCl
=381-2 = +108-4+495-4+120-9+E=757-3
Hence, E = —3486 k) mol!

Mow that some electron affinity values ara known, the
cycle is used to calculate the lattice energy for unknown
crystal structures.

Factors affecting electron affinity
1

(1) Atomic size—Electron affinity = gt

Smaller the size of an atom, greater is its electron
affinity. As the size of atom increases, the effective
nuclear charge decreases or the nuclear atiraction for
adding electron decreases. Consequently, atom will have
less tendency to attract additional electron towards itself,
Therefora,

Electron affinity = Effective nuclear charge.

In general, electron affinity decreases in going down
the group and increases in going from left to right across
the period. On moving down the group atomic size
increases and on going from left to right in a penod atomic
size decreases.

{2) Shielding or Screening Effect—

1
Electron affinlty = gy ielding efiect

Electronic energy states, lying batween nucleus and
outarmost state hinder the nuclear attraction for incoming
electron. Therefore, greater the number of inner lying
states, less will be the electron affinity.

{3) Electronic Configuration—The electronic con-
figurafions of alements influence their elactron affinities to
a considerable extent. '

Electron affinities of inert gases are zero. This is
because their atoms have stable ns? np® configuration in
thair valancy shell and there is no possibility for addition of
an axtra alactron.

Electron affinity of berylium, magnesium and calcium
is practically zero. This is attributed to extra stability of the
fully completed s-orbitals in them. Thus, if an atom has
fully filled or half filled orbits, its electron atfinity will be low.

Electron Affinities of Main Group Elements
Values without brackets are in kJ mol~! while those within brackets are in electron-volts

Group l Group l Group Group l Group l Group | | Group J'
Periods I I v Vi Vit 1| Zero
56.5 %% st0 | 1223 0o | 328 0y
531 i 45
Wi Period — (0-56) 1 s
484 % %7 1?09:: 72 1850 a'ﬂ? ] |
IV Period — (0.50) (0-37) (1:28) {081) (2.04) {3-40)
Rb -1 In Sn Shb Te | Xe
469 -0 290 1209 101.0 190.1 295.5 0
V Pericd (0-49) (0-30) (1.27) {1.-06) (1.99) (3-10)
Cs Ba Tl P Bi Fo At Rn
¥l Period — 45.5 =0 300 110:0 1100 180-0 2700 0
(0-48) (0-31) (1-15) {115) {1-89) (2:83)
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Exceptional values of electron affinity

Tha atomic size of fluorine is smaller than that of
chlorine evan then the elactron affinity of fluoring s lower
than that of chiorine. This fact can be explained by a
gimple machanism. It is due to small size of fluorine atom.
The addition of an extra electron produces a high electron
density in relatively compact 2p sub-shell and, therefore, a
strong electron-electron repulsion. The repulsive forces
between electrons cause low electron affinity.

Exof F = E;of Cl

Electron affinity of N is less than that of C and
electron affinity of P is less than that of Si. It is on account
of half filed p-sub-shell in N and P. Due to extra stability
of half filled p-orbit in N and P they have less tendency for
accepting electrons,

In general atomic size of atoms of second period
elements is smaller than that of elements of third period.
Elements of second period have high electron density due
to small size of atoms, therefore, additional elecirons feels
electron-alectron repulsion. This is the reason that the
electron affinity of third period elements is higher than that
of second pariod alemants.

E,of Tl =

Esof S >
E,of Si >
Eqof P >

E,of F
Ejof O

E,of C
Eyof M

Remember

1
e Elaciron affinity = Alormie volame

' 1
e Electron affinity = Screaning affaci

& Elactron affinity = Effective nuciaar charge

.. 1
® Electron affinity = s oiecironic configuration

& Elament having highest electron affinity is chiorina.

e In the second period sequence of electron affinity
deviates at nitrogen, while in third pariod it deviates at
phosphorues.

® In the VIl group the sequence of aleciron affinity
deviales al chlorina.

e The sequence of electron affinity in second period
i5—

BecMNcBecCcD<F

¢ The sequence of electron affinity of VIl group
elemiants is—

AMzlcBr=F<ClL

& Reactivity of non-metal = Electron aﬂinil:,.l:.

& Onidising power of alamant = Electron affinity.

& ‘When the difference beiween |. P. and E, of twg
bonding atoms A and B respectively is very less, then
the possibility of electrovalent compound farmation is
there, as the energy is compensated by lattice
enargy.

& When |. P. and E, difference is very high then
formation of covalent bond is favoured. as such a
high energy cannol be compensated by lattice
BNEGY.
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Electronegativity

In 1931, Pauling defined the electronegativity of an
atom as the tendancy of the alom to attract bonded pairs
of electrons towards itself, when combined in the
formation of molecule. If the bonding electrons spend
more time round one atom, that atom will have 5 charge,
and consequently other atom will have §* charge. Pauling
and others have attempted to relate the electronegativity
difference between two atoms to the amount of ionic
character in the bond batwaen them.

The term electronegativity has been defined ditfe-
rently by different scientists and each of them has
suggested a method of his own to calculate electro-
negativities of different elements. Some methods are
given below.

1. Pauling's Method

Pauling calculated electronegativities of differem
elements from bond energles. Consider a bond A—B
between two dissimilar atoms A and B of a molecule AB.
Let the bond energies of A—A, B—B and A—B bonds be
represented as Ep_s, Eg_pg and Ey_p respectivaly. It
may be seen that the bond dissociation energy of A—B is
almost always higher than the mean of the bond
dissociation energies of A—A and B—B bonds i.e.,

Eas > VEs—axEss

Thair difference (A) is related to the difference in the
electronegativities of A and B according to the following

equation :
A = Epp-VEpnxEag

= (Xa - Xg)*
Here, X, and Xg are the electronegativities of A and B
respactivaly.
ar, D'EUB"II'E = xg—xa
The factor 0-208 arises from the conversion of keals
to electron volt,

Considering arbitrarily the electronegativity of
hydrogen to be 2.1, Pauling calculated electronegativities
of other elements with the help of this equation.

Example
Calculation of electronegativity of chlorine from follo-
wing data—
104 k cal mol™
Ecres = 36 k cal mol™!
Ej—o = 134 kcal mol

According 1o Pauling's equation—

Ewci — VEu—n x Ego
134 — V104 x 36

= 134 —61.18

= 7282

0208 V A

= 02087282

= 1.77

En—n

A=
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Since Xy = 21
Xp) = 21 = 1.77
or, x¢| = 177+ 21
= 387

2. Mulliken's Method
In 1934, Mulliken suggested an alternative approach

to electronegativity based on ionization energy and
electron affinity of an atom. According to this method

electronegativity could be regarded as the average of the
ionization energy and electron affinity of an atom.

w lg + Eg
Electronegativity = ——5—

Mulliken used |, and E, values measured in electron
volts and the values were found to be 2.8 times higher
than Fauling values.

The values of |, and E,; ara measured in kJ mol~! and
1 eV per molecule = 96-48 kJ mol~'. Therefore, the
commonly accepted Pauling values are more nearly
obtained by performing this calculation

lg + Eg o lg + Ey
2x28x9648 540

This method has an ordinary theocretical basis and
also has advantage that different values can be cbtained
for different oxidation states of the same elemenit.

3. Alired and Rochow Method
In 1958, Alired and Rochow worked out the electro-

negativities of 69 elements. They defined electronegativity
as the attractive force between a nucleus and an electron
at a distance equal to the covalent radius. This force of
attraction (F) is given by—

@ = Charge on alectron }
F=

2
Z'-ﬂ;:i r= Covalent radius
Z 4 = Eftective nuctear charge

F values may be converted to electronagativity values
on the Pauling’s scale using an empirical equation.

0-359 Z,y
0350 Zan

X = 0744 ¢

Example
Calculation of electronegativity of carbon—
Atomic radius of carbon = 077 A
Z.y at the outermost orbit of C atom
= 2—8
Atomic number
= Screening constant
= 6
= 152,282, 207
= (4 %035 + 2 » 0-B5)
31
Zgn = Z-8
= B-31
29
T + 0744
= 25

Where

For carbon,

0 MO g
L} I

.Kcz
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Factors Affecting Electronegativity

(1) Charge on the atom—The cation will be more
electronegative than parent atom which in tum will be
more electronegative than its anion. Higher the positive
oxidation state of any atom in a compound, the greater
will be its electronegativity.

Example

The oxidation state of Clin HCIO is + 1 and in HCIO,
itis + 5. Hence, the chlorine atom in HCIO; is more
electronegative than in HCIO. On account of this reason,
the release of H* will be easier in HCIO5 as compared to
HCIO or HCIO; ks a stranger acid than HCIO,

(2) Effect of substitution—Electronagativity of an
atom depends upon the nature of the substituents
attached to that atom. For example—carbon atom in CF4l
acquires a greater positive charge than in CHal. Hence,
the carbon atom in CFal is more electronegative than in

CHsl.

The difference in electronegativity of an atom caused
by substituents results in different chemical behaviour of
that atom.

CF3l + OH" —s CFsH + 10~
CHal + OH™ —— CH30H + I

(3) lonization energy and electron affinity—
Mulliken propounded that electronegativity is related to
the ionization energy and electron affinity of an atom.
Evidently, higher the ionization energy and eleciron
affinity, greater would be the electronegativity of the atom.

{4) Effective nuclear charge—As proposed by
Allred and Rochow that the electron attracting power of an
atom in a molecule is proportional to the effective nuclear
charge, Zgy. Thus any factor which increases L.y, will also
increase tha electronagativity of the atom. For example Z 4
decreases as one goes down a group in the periodic table,
This is bacause with increase in atomic number within a
group, the atomic size increases. Hance, electronegativity
decreases as one moves down the group.

F (4.0) = CI (3-0) = Br (2.8) = | (2.5)

Electronagativity goes on increasing with increasa in
atomic number as one moves along the period from left to
right, as the size of the atom decreases in the same order.

Li(1-0) < Be(1-5) < B(2-0) < C{2.5) < N(3-0) < Q(3-5)
<F (4.0)
{5) Hybridised state—s-gleclrons are more pene-
trating than p-electrons. So, if an atom has hybrid orbitals
with greater s-charactar the electronic charge in such

orbitals will remain more closer to the nucleus of that
atom. Thus electronegativity of such atom will be higher,

For example—

CHy sp° 25% s-character
CaHy sp? 33% s-character
CaHg sp 50% s-character

The electronegativity of carbon atom increases as we
mave from CH, to CzHp. Due to greater electronegativity

of carbon atom in CzHg, the electron pair of C—H bond is
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pulled towards carbon atom thereby facilitating the
release of H* ion. Thus H atom in CHy is nautral, the H
atom in CoH, is slightly acidic while that in CpH, is
considerably acidic.

Similarly, the basicity of amines also changes with
the kind of hybridisation of nitrogen atom, Higher the s-
character in hybrid orbitals, greater will be electro-
negativity and low.r will be electron donating capacity of
N atoms and hence lower will be basicity of the amina.

R—C=N S0 50% s-character
CeHeM sp? 33% s-character
CgHsNH; sp? 25% s-character
Thus order of basicity is—
A—CMN < CgHeN < GgHsMNH,

Applications of Electronegativity

(i) Caleulation of partial ionic character in a
covalent bond—Greater the difference between electro-
negativities of bonded atoms, greater will be the ionic
character. Pauling suggested following correlation
between the electronegativity difference (x, — xg) and the
per cent ionic character in a covalent bond.

Per cent ionic character = [1 — g2 - 58)] % 100,

He also suggested an alternative empirical formula
for calculating per cent lonic charactar,

Per cent ionic character = 18(x, — xg)"*

(i) Explanation of bond angles—Lessar the elecirg-
negativity of the central atom in a polyatomic molaculs,
lesser will be the bond angle. Central atom with low
alactronegativity will not ba able to hold the bond pairs
towards itself. Therefore, the bonding electron pairs will
maore shift towards other atoms attached to central atom.
This will result in a decrease in the bond pair—bond pair
repulsion and a decrease in bond angle.

Decreasing trend of bond angles with decrease in
alectronagativity of central atom is—

NF3 = PF5 = AsF5 = SbFy

Hz0 > Hp5 > HySe > HyTe

NH3 = PH:]_} MH;] - SbH3

(i) Calculation of Bond-Length—If a covalent bond
is formed between two atoms A and B having different
alectronegativities, the bond acquiras the polarity. Graater
the polarity, shorer will be the bond length. Shoemaker
and Stevenson proposed following empirical ralation to
calculate the bond length in such moleculas.

ds.pg = M+ fg— 008 (x5 — xp)
ds g = Bond distance between A and B
rs and rg = Covalent radiiof Aand B
xp — xg = Electronegativity difference between A

and B.

The shortening of the bond between A and B due to
electronegativity difference is equal to 0-09 (xp = xg). Due
to this shorening of bond, the bond becomes more strong
and stable.

Size of Atoms and lons

The size of atoms and ions is genarally represantad
in the magnitudes of their respective radii. The radius of
an atom or an ion may ba taken in the ordinary sense as
the distance between the centre of the nucleus and
outermost shell of elactrons.

www.phbeducation.com

Remember

# Fluorine is the alement in whole of periodic table
having highest electronegativity.

e |f the difference of electronegativity between two
bonded atoms exceads 2.5, the bond will be
alactrovalant,

& | the difference in alectronegativity between bonded

atoms is less than 2.5, but otherwise quite
appreciable, the bond formed would be palar
covalant

# Enthalpies of formation of 'compounds can be
calculated with the halp of the formula.
AH; = 23T(x, = xg)* = 55-4ny = 260 n,
ny &nd n, are number of N and O atoms in the
maolecule

L MNo. of bonds in the .nolecule
‘¥ —Xg = Elect differance

# Percent ionic characier in a covalent bond between A

and B can be datermined as—

Per cant ionic character = [1 — & &5~ 4l 100,
» Aftom of same element may have dilerent values of

L ivity in difterent compounds, but electron
affinity does not change.

There are three operational concepts of these radii—

(i) Cowvalent radius, (i) van der Waal's radius, (iii)
lonic radius.

(i) Covalent radiue—One-hall of the distance bet-
ween nuclei of two covalently bondad atoms of same
glement in the molecule, is taken as covalent radius of
atom of that alement.

For example, we know from spectroscopic data that
the distance between the nuclei of two hydrogen atoms in
& Hs; moleculs is 0-74 A. Half of this distance ie., 0-37 A
gives the covalent radius of hydrogen atom.

The covalent radii decrease in moving from left to
right in any period and increase in moving down the
group. .

{ii) van der Waal's radius—It is defined as one half
of tha distance between the nuclai of two adjacent
identical atoms belonging to two neighbouring molecules

in the solid state.
van dor Waal's
radius

Two adjacent malecubas

It is actually the distance between two non-bonded
atoms of two adjacent malaculas.

(iii) lonle radius—Ilcnic radius corresponds to the
radius of an ion in an ionic crystal. The distance from the
nucleus of an ion upto which it has influence on its
electron charge cloud.

The inter nuclear distance in any ionic compound is
determined from X-ray measurements. This distance is
takan as the sum of radii of two ions involved.

Variation of ionic radii in isoelectronic ions

|soelectronic ions have the same number of electrons
but thay differ in nuclear charge. As the nuclear charge
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increases, the electrons are held more tightly with the
result that the ionic radius decreases. Some examples are
given below—

lons N[ O | F- | Na* |Mg®*| AP+

. of alectrons 10 | 10 | 10| 10 | 10 | 10
hargeonnucleus| +7 | +8 [ +8 |+11 | +1271+13
adius A 1-71|1-40 | 1-36| 0-95 | 0-60 | 0-45

NEET]

The radius of cation is invariably smaller than that ef
corresponding atom, while the radius of an anion Is
invariably larger than that of corresponding atom.

Perlodic trend In lonic radil—The ionic radii
increase in moving from top to bottom in a group and
decreasa in moving along a period from left to right.

Remember

The bond length of the bond batwean unlike atoms ia.,

atoms differing in their electronegativities, is shorer than

the sum of their covalent radii.

According 1o Shoemaker and Stevenson, the actual bond

length batwean atoms A and B is given by the relation—
da—p = Fa+ g~ 000 (6 — xa)

The covalent radius of an elemeant determined from double

or a triple bond is shorter than the normal covalent radius

ol the same element dalermined from a single bond.

The covalent radius of carbon in ethane is 0-77A, in

sthylena 0-67 A and in acetylene it is 0-60 A,

Covalent radius is always smaller than van der Waal's

radius.

In the crystals of noble gases, no chemical forces are

operating between the atoms. The van der Waal's forces

ara the only afttractive forces in thase cases. Hanca, tha

atomic radii of noble gases are only van der Waal's radii,

Covalent radius can be calculaled as—

dop = fat+ip
{when single covalent bond is
batwean identical atoms)

2ry = Oyp

r_.,:g'f"

Sequence of lonic size for iscelacironic spacies having 18
electrons is as

g » CI* = K* =Ca®™

+16 +17 +18 + 20 (Nuclear charga)

» Though it is possible to measure internuclear distance in &

#  Historically several different sets of ionic radii have been

# The ionic radii are not absolute constants, and are best

« o and f orbitals do not shield the nuclear charge very

#  Alomic volumes of metal atoms can be determined from

& The siza of frea atom and its size daterminad from a single

Isoelectronic ions having 28 electrons show the following
gradation in size.

Cu* > Zn®* > Ga™

+20 +30 + 31 (Nuclear charge)

crystal vary accuralaly by X-ray diffraction, bul thara i no

universally accepled formula for apportioning this to the two
ions '

calculated. The main ones ara by Goldachmidt, Pauling
and Ahrens. Tha most recant values of lonic radii are tha
most accurate and they are worked out by Shannon
(1978).

sa8n as a working approsimations.

effectively. Thus there is significant reduction in size of lons
just atter 10 o or 14/ electrons have been fillad in. In the
case of lanthanides it is called Lanthanide Contraction
and resuits in the size of the second and third row transition
elements being almost sama.

matallic phases by dividing thair atlomic massas by thair
respeclive densilies. The radil calculated from atomic
volumes ara called meatallic radi.

nen-polar covalent bond are almost same. Therefore, the
terms covalent radius and atomic radius are synonymous.
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