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Table 2.17.
iod 2 elements i
ierto Ll Be B c N o) F
Atomic (x;z_du (p)m) L':23 2?10 85 77 75 73 72
Jonic radit (pm 1"=068 | Be*t=3] BM*=20 | ¢4+ = IS|N*=11|0%=9 |F*=
. N3 = 171 F=136
LE. (KJ mol. )_ 5203 | 899.5 | 800.6 | 10864 1402.3 | 1314.0 | 1681.0
Electronegativity 1.0 1.5 2.0 2.5 3.0 35 4.0
Electron affinity (kJ mol™) 59.8 <0 26.8 122.3 <0 141.1 328
Period 3 elements Na Mg Al Si P S ci
Atomic radii (pm) 154 136 143 111 106 102 99
Tonic radii (pm) Na* = 95[Mg?*=65( AI*=50 | Si** = 41 | P5*=34 | $6+=29 [CI™* =26
Si* = 271| P>=212 | $* =184 CI- =171
LE. (k J mol) 495.8 | 7377 | 5776 786.5 1011.8 | 999.62 | 1251.1
Electronegativity 0.9 1.2 1.5 1.8 2.1 25 3.0
Electron affinity (kJ mol™1)|  52.7 <0 <0 133.6 71.7 | 200.43 | 348.8
Period 4 elements K Ca Ga Ge As Se Br
Atomic radii (pm) 203 174 135 122 120 116 114
Ionic radii (pm) K* = 133| Ca2*=99 | Ga®*=62| Ge?**=93 | As>*=47 | Se®*=42 |Br’*=39
As3 =222 [Se?>=198|Br =195
LE. (kJ mol") 4189 | 589.8 | 578.8 762.2 944 9409 | 1139.9
Electronegativity 0.8 1.0 1.6 2.0 2.0 24 qz.s
Electron affinity (kJ mol-) | 4836 | <0 | <O | 116 TSRS T 20

IONISATION ENERGY (I.E.) or IONISATION POTENTIAL (1I.P.)*
or IONISATION ENTHALPY

First LE. (E;). It is the amount of energy required 1o remo

heutral gaseous atom to make it unipositive gaseous ion.

Units. It is measured in kJ mol~, kcals/mole or el_cclron volt
A +E — At @+ Ei= First I_E
Na (g) + 118 kcal/mole —> Na* (g) + €

nergy is also expressed as I.P.

e.g.

ve one valence electron from an isolated

#*e, V) 1 eV . 23.06 kcals.

- 1k . cal = 4.184 kJ.

'\ o . . [ ]
Because energy is supplied in the form of potential, the ionisation €

i g.V. Itis the unit of electrical work. It is the kinetic e
S accelerated in an electric field produced by @ po

nergy acquired b
tential difference of one volt.

y one electron (Charge =- 1.6 x 1

4_—-—

0-19 coulomb) when
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F ELEMENTS

() Type of orbital. The type of orbital changes from IIA group (s-orbital) to IIIA group (p-orbital).

hange energy. The exchange energy between clectrons of like spin stabilizes a system of

o Poe
g = r as a result of

el electron spins. It is because the electrons having the same spin tend to avoid each othe :
Jusion principle. Thus the electrostatic force of repulsion between electrons is reduced. This
ends to increase the_numbcr of lmpiLiI‘C(L clectrons to maximum extent and makes it difficult to remove an
octron from, say. nitrogen atom (L% 252 2p} 2p) 2ply with half filled orbitals. Due to this stabilisation, the
first jonisation cNErgy of nitrogen is greater than that of oxygen although atomic number of nitrogen (=
7) is lesS than that of oxygen (= 8).

Successive fonisation energies. In order to understand successive ionisation energics, let us study
first, second and third ionisation energies of Al atom.

First L.E. (Ey). For definition, previous pages.
Example. Al(Q)+E —  Al*(g) +e (g)

(unipositive ion)

Second LE. (E). It is the amount of energy required to remove the outermost electron from unipositive
«aseous ion to form dipositive gaseous ion

Al(g) +E, —> AI*?(g) +e”

Dipositive ion
Third LE (E3). It is the amount of energy required to remove the outermost electron from dipositive
caseous ion to make it tripositive gaseous ion.
0 —
Al (g) + B3 — AlY(g) +e

Tripositive ion
From above we see that the electrons get removed from gaseous atoms one after the other and not
simultaneously. The phenomenon of removing the electrons from gaseous atoms one after the other,
Le., in succession is called successive ionisation energies (or potentials).
E3 > E2 > El
In order to explain that third L.P. (E3) is greater than second L.P. (E;) and E; is greater than first IP.
(E;) (Table 2.18), let us consider sodium atom.
(i) Na(g) + E;—> Na* (g) + e~
(ii) Na* (g) + B, —> Na*2 (g) + €~
(i) Na*? (g) + Ey — Na*3 (g) + €

paral
pauli’s €X¢

el

(E; or AH; = + 138 kcal/mole)

E, = AH, = + 438 kcal mole™.

E3; = AH; = + 646 kcal/mole

E; = 1st L.P. = 118 kcal/mole.
E, = 2nd L.P. = 1091 kcal/mole.
E; = 3rd LP. = 1653 kcal/mole.

Table 2.18.
2 'Na-atom ~ Na*t-ion | Na*2-jon
No. of protons 11 11 11
No. of electrons 11 10 9
Force of attraction Less More than More than
~ of 11 protons for Na-atom Na‘-ion
€ s
P E =118 E; = 1091 E; = 1653
kcal/mole kcal/mole kcal/mole.

atom is less than that for 10 electrons

() : .
+ -The force of attraction of 11 protons for 11 electrons in Na-
atom is less as compared to that from

4 lop
Nati(,n -eThus, the energy required to remove an electron from Na-
fce, second LE. is greater than first LE.

.

- —ssss



104

(i) The
Na'=ion, Th

foree ol
18, (he energy

mlmclinn ol

con

3. (Tabl

d L.

MODERN €O

10 electrons in N

. qn clectron from

at-ion is 1
is less as €O

Henee, thind L

iy preater than 8¢

a"'-iOfl

nergieS

ess than that for 9 electrop

mpared to Na+2~i0ln
N

tion €
e fonisa
Successlv =
e successive LE. (kcal/mol )
E
Eloment with ’_____E____,___ E' 2. T :
: C 1653
At. No. S‘ -
o 345 1838
”Ni\ 7( -
B 656
- 438
e 138
\c‘\l 5 : J
Ll L. for clements of second period, (fig, 2.18)- e
Trend of first LI for €8
25 3 e
¢Ne
. X
T N
&, g Ar
- Eg 15 1 - "
& o o IH P A A i Rnx
: O% i N
5-310 —
ii ﬁBe
2 5 $Li Mg
‘ ; \ G Cs
0 10 20 30 40 50 60 70 80 %0 00
ATOMIC NUMBER, Z
Fig. 2.18. Curve of ionisation potential versus atomic number.
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1. LE. of Be (At. No. 4) is greater than that of Li (At. No. 3). Reasons. (i) The nuclear charge of

Be (Z = 4) is greater than Li ( Z = 3). Greater the nuclear charge, greater the force of attraction betweed
nucleus and outermost electron. Hence, the first LE. of Be is greater than that of Li.

(ir) 2s
high excl

sub-shell of Be (152 252) is fully filled. Fully filled subshells are most stable due to symmetry and

(iif) Pairing energy. Two electrons in 2s-
1s required to unpair the paired electrons. This

unpaired electron. Hence, first LE. of Be js mo

2. LE. of Be is more than that of B. Alt
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1 oe
led 2s-sub shell in Be-atom is more stable than B-atom due to symmet(y ﬁnld}f“gh exchange
(ifi) Fully fI f c;‘cmy is required to remove an electron from Be-atom. Hence, hig .C. bon (Z = 6)
nergy- THUS i f carlfon (At. No. 6) is more than that of boron (At. No. 5). Reagon. ar 01;1 :
3. The I’E{ o 0y has more nuclear charge than boron (Z = 5 ; 152 252 2p)} 2pQ 2p?). In both the cases,
2 2ps -2,)"' 2bp; rembvcd from same 2p sub- shell. Carbon has more nuclear charge than boron. The
(he electron ?rl:gn fhus attracts the outer 2p electron more strongly than does boron. Hence first LE. of
: fCtre than that of boron. . e
. itrogen (At. No. 7) is more than that of carbon (At. No. 6). Reasons. (i) N (Z =7; 1s
4. I'Ef Oflmhqs greater nuclear charge than carbon (Z = 6 ; 1s% 2s? 2p} 2p} 2p?). Greater the nuclear
252 2pi 2Py 2P :l)hc‘force of attraction of nucleus for electron. Hence, greater is the LE.
char ct.grcalzr 2p-orbitals in nitrogen are half filled. Half filled orbitals are most stable due to symmetry and
(i) All e]ecngrg)’- It is not the case in carbon. (For stability of half-filled orbitals, see chapter 1).
high CXCh%ngof nitrogen is more than that of oxygen. Reasons. (i) N (Z =7 ; 152 252 2pl 2p} 2p}) atom
has stfialt c;)nﬁguration due to its half-filled 2p-orbital. Half-filled orbitals are most stable due to symmetry
and high exchange €nergy. 21292992 911 211 i 1l ired
(ii) In case of oxygen atom Z=38 ,-ls 2s .2px 2py 2p7), two f?lectrons in 2_px sub-shell are pau;a1 .
These paired electrons cause inter-electronic repulsions. Thus electronic configuration becomes less stable.

Hence less energy is required to remove an electron from 2p-subshell of oxygen atom than more stable half-
filled 2p-subshell of nitrogen atom.

6. LE. of fluorine is more than that of oxygen. Reasons.

() F(Z=9, 152 252 2p2 2p? 2p}) has more nuclear charge than oxygen (Z =8 ; 152 252 2p2 2p! 2p)).
In both the cases, the electron is to be removed from the same 2p sub-shell. Fluorine has more nuclear
charge than oxygen. The nucleus of fluorine will thus attract the outer 2p-electrons more firmly than
oxygen. Hence, first L.E. of fluorine is more than that of oxygen.
s 7. LE. of neon (Ne) is more than that of fluorine. Reasons. (1) The nuclear charge of Ne ( Z = 10)
i§" greater than that of F (Z = 9). Greater the nuclear charge, greater is the force of attraction between
nucleus and outermost electron. Hence, the first LE. of neon is greater than that of fluorine.

(i) 2p-sub shell of Ne (152 252 2p2 2p2 2p2) is fully filled. Fully filled sub-shells are more stable due to

symmetry and high exchange energy. Hence, more energy is required to remove the electron in case of Ne
than in case of F. Thus, LE. of Ne is more than that of F.

(iff) Pairing energy. All the electrons in 2p-sub-shell in neon are paired. Thus, firstly pairing energy is

required to unpair the paired electrons. This energy is in addition to the energy required to remove the
unpaired electron. Hence, first LE. of neon is more than that of fluorine.
Some other examples are :

() LE. of Li > Na > K
3Li =152 2s!
1Na = 1s? 252 2p6 3l
19K = 152 252 2p6 352 3p6 41
Lithium, sodium and potassium belong to IA group of the periodic table. As we move down the group,
€ huclear charge goes on increasing. The electrons are added in the new shells. These new shells shield the

nucleys appreciably. As a result, the effective nuclear charge, i.e force of attraction between nucleus and the
Outermost electrons,

decreases. Thus, less energy is required to remove the outermost electrons.
Hence, first LE.of Li>Na>K.

(i7) LE. of Li* > LE. of He (helium)
3Lt = 152 ; oHe = 152 - i than
s greater than that of helium. It is because the nuclear charge of Li (Z = 3) is more

: . i eater force.
= 2). High nuclear charge will attract the same number of electrons (= 2) with gr
€rgy is required to remove electron from Li* ion.

The LE. of Liti
thay of He {7

s, high en
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aCl. It is becausc O iy MR 0’
t ﬁ;cijlnstablc with respect L0 Ca?* (ag) 2n 2) 1

H in the following reaction -

(i) Alkaling
ions, e.g., CaCl, 1s forT :
Lonnesrgy z;;Jlays the role” is energeticd

It is clear from the positive value of A

H = -152 kcal
2Ca* (g) + (aq) —> 2Ca* (aq) A

= 4 42 kcal
(a) Ca(s) —> Ca (g) 2}}: = :395 kcal
(b) Ca?* (ag) —> Ca?* (g) + (a9) AH = 135 keal
(c) — *{g) e
o Ca (g) + Ca?* (g) 2Ca* (3) AH = + 150 kcal

Ca* (aq)
ing: Ca (s) + Ca?* (ag) — 2 ) ) . o
32?:::& Ca* (g) is stable as is clear from the negative value of AH in the following reactiqy, -

) Ca(g) — Cat (g)+ & AH = + 140 kcal
EZ) Ca’* (g)+ e —> Ca* (g) AH = - 274 kcal
Adding: Ca (g) + Ca?* (g) —> 2Ca* (g) AH = —134 kcal

) [ELECTRON AFFINITY (E.A.) or ELECTRON GAIN ENTHALPY

The amount of energy released when an extra electron is added to a neutral gaseous atom of o
element to form a uninegative gaseous ion is called electron affinity or first electrox? -affim'ty, Since
energy is released, first electron affinity is always given a negative sign. Electron affinities of elemens
cannot be measured directly. These are obtained with the help of Born-Haber cycle.

These are measured in kcal mole~ or electron volts (e.V) (one e.V. = 23.06 kcal mole~) or kJ mol
(1 keal = 4.184 kJ). For example, when one mole of F-atoms are converted into one mole of F- gaseous
ions, 333 kJ mol- energy is released. '
F@+e—F (8) +333 KJ (or EA. = 333 kJ mol-)

So, the first electron affinity of fluorine is — 333 kJ mol-.

. ctr The negative value of electron affinity
indicates that energy is given out when an atom acce

ates d . Pts an electron. The electron affinities of some elements
are given in the following table 2.20 in kJ mo]~.
Table 2.20.
L BT e e Uniand |EA.ink
; H o __| dinegativeion | - m o dinegative ion ' mol‘_;_
-> H-
e 2 = Mg -> Mg— + 67
Li - Li— A] = il g
= 2 ] Si - Si- ~735
Be P
B = B- it P- g
C 1 s S - S- -200
N u X S - S2- + 332
0 ¥ o- a - Cl- - 348
o) £ 0-2 Br - Br — 324
F e F~ I - I— _ 295
Ne -> Ne‘
Na -> Na-
e ——
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ccessive electron affinities. When an electron is added to a neutral gaseous O or S atom. .
As a result O~ and S~ are formed. So, the first clectron affinities of O and S atomz are nega ed-
Jectrons are added to O and S atoms, energy is absorbed. As a result, 0% and S° are formec.

two € :
\ﬂﬁ;e second electron affinity of O and S atoms is positive. The amount of energy absorbed to add'tm
Sa-ﬂvn to uninegative gaseous ion to form dinegative gaseous ion is called second electron affinity.
o ing examples are given for clarity.

Follo .
3] O +ec —>0 (g) + 142 kJ (E.A = -~ 142 kJ mol™)
0 (g + ¢ +702k — 0O (g) (E.A = 4702 kJ mol~)
5 S+ ¢ —> S (g) + 200 kJ (E.A = -200 kJ mol")
S (g)+ e+ 332K — S (g) (E.A. = + 332 kJ mol")

From above it is clear that the electrons get added to gaseous atoms one after the other and not

_\gmuk:meouﬂ}'- The phenomenon.o:f adding the electrons to an atom one after the other, i.e., in succession, is
clled saccessive electron affinities.

factors on which electron affinity depends
The electron affinity of elements depends on the following factors.

1. Size of the atom. Smaller the size of the atom, greater will be the attraction of its nucleus for
olactron to be added.  So, greater energy is released and greater is its electron affinity. For example, in the
second period elements of p-block, the size of carbon atom is smaller than that of boron atom. Thus, the
electron affinity of carbon atom (- 121 kJ mol") is greater than that of boron atom (= — 15 kJ mol"). In other
words, the energy released in the conversion C (g) + e~ (g) = C- (g) is greater (121 kJ mol-) than that
relezsed (15 kJ mol™) in the conversion, _

B (g)+e () — B ().

It may be noted that the above rule is not a general rule. There are certain exceptions which will be
described later on.

2. Magnitnde of the effective nuclear charge. Greater the magnitude of effective nuclear charge of
zom of an element, stronger is the attraction of its nucleus for the electron to be added. So, greater energy
is released and greater is its electron affinity. For example, in the second period elements of p-block, the
mclear charge (+6) of carbon atom being more than that of boron atom (+5), so the energy released (121 kJ
mol” in the conversion C(g) + ¢~ (g) —> C~(g) is greater than that released (15 kJ mol") in the conversion.

B(g)+ e (g)—> B (9.

3. Electronic configuration. An atom with stable configuration has little tenc!ency to ggin an electmx}.

So, energy has to the supplied to add an electron to such elements to form uninegative ions. So, their

electron affinity has a positive sign. An atom has stable configuration which has :

(i) fully filled orbitals
(ii) half filled orbitals of the same sub shell
(iii) noble gas configuration i.e. 8 electrons in the valence shell
For clarity, consi tom. It has stable configuration, : :
Clectron i addZi to ?ts,l?te;arc::: r;«:Zlaulsion from the negatively charged electrons Plesf“t“ n ;‘LZ"&I:‘EZ sfilzlrll‘
> 79 KI per mole energy has to be supplied to overcome the repulsive fo.rci; 90kJmmol‘ i
Ol (8) —> Ne- (g) possible. So the first electron affinity of neon atom'&:- ity of eleme-nts decreases
Variations of electron affinity of elements down a group. The electront; ltltyHowever he affoct of
Wi group due to the simultaneous increase in atomic size and nuclear charg .min elect,:ron feels less
Crease in Size is greater than the increase in nuclear charge. As a result, the incoming

fion by the large sized atom and hence the electron affinity decreases.

(or 152 configuration i.e., helium gas atom).
152 252 2pf. When a negatively charged
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valence shell and the electrons being addeq, “"um' 6
mber of ench group has o low electiop ““ini::;

1t may. however, be noted that the
next heavier member of the group, This unexpecete
A large repulsion between the electrons already present .ln the
for a lower attraction for the new electron. Hence liest me
Variation of electron affinity of elements along a period S
The clectron affinity of elements usually incrense nln'm;z [ |w|i(ull (hf(: (o i'lu::;c's;:c;tvnrn’:z: :N;'.'w Ml
charge and decrease in the size of atoms. But (his increase 18 not rc;lzunlfn ln‘um.m ('_) .( ' |l “,. y e o il
filled orbitals in their valence shell, For example, the first electron affinity of el llr;,lrlli; 1’n Illl(, 1’-(.(;'()“([ perie i
Li (15 25 = 57 K1 mol), Be (182 2% Tully filled 2s-orbital & 4 60 kJ mol~), BOLS” 282 2p7 = 15kl o )
which is not regular, lis detailed deseription is given later on. b
1. Electron affinity of Be, Mg, N and noble gases is positive™. 4Be (152 28%) and sMy (152942 Wy
3) have fully filled x-o‘rhiml in their valence shell. Fully filled orbitals are most stable due 1o Symmey
Hence substantial amount of energy is absorbed to add an cleetron to - overcome the repulsion betweey,
negatively charged electron being added and the negatively charged valence electrons, Their electron affiniy
is hence positive (Be = + 66 kJ mol~; Mg = + 07 kJ mol").
2. Electron affinity of nitrogen is positive. 5N (152 2s% 2px! 2py! 2pz!) has half filled 2p-orbitals
Half filled orbitals are most stable due to symmetry. Hence substantial amount of energy is absorbed to adg
an electron to overcome the repulsion between negatively charged electron being added and the negatively
charged valence electrons. Its electron affinity is hence positive (= + 31 kJ mol”).

) 3: Electron affinity of noble gases is positive. Consider helium gas (1s2) and neon gas (152 252 2p?
2p; 2p:). These have fully filled orbitals in their valence shell. Fully filled orbitals are most stable due to
symmetry. Hence substantial amount of energy is absorbed to add an electron to overcome the repulsion
bemeen negatively charged electron being added and negatively charged valence electrons. Their electron
affinity is hence positive (He = + 54 kJ mol- ; Ne = + 99 kJ mol-).

4. H'alogens l:aves the highest electron gain enthalpies. Halogens have the general clectronic
conﬁgurat‘mn of ns* np°. Thl.ls, these have only one electron less than the stable noble gas (ns? np°)
configuration. In order to acquire the noble gas configuration, halogens have m

e : ; aximum tendency to accept
an additional electron and their electron gain enthalpies are, therefore high

pd E!&tron gain enthalpy of fluorine is less than that of the chlorine. This is because of very
Clgr:xrlea;;tﬁ 5\1(7;;: ogoﬂuon?c;. It has only two shells as compared to three in chlorine. When an electron is added
e aﬁdcdm[’)lz‘l; p-;ub.slcill, l!lerc are strong repulsions between the electrons already present and the
& - 1hus, the incoming electron does not feel much attraction, Hence, the electron gai

enthalpy of fluorine i o .
i OI}YChlé]:::r:fhzz ;n:\il[: c(?ln_;hc other handd. the electron is added to relatively large sized 3p—s‘ubshcll in
. an casily accommodate the additional electr AfESSlEeC o
chlorine atom is large. ¢ additional electron. Thus, electron gain enthalpy of

Determination of ele

, ctron affinity, A 'h the
absorption of energy yet cor Y- Although the form

. ~

regular way to ‘form a crystalline solid) or from soly
energy term in isolation and a complete ene

ation of O - O ynd § - S2- involves

are known. It follows that the encrgy required ©

‘dlucc energy (when ions are packed to-gether i? .

rgy cyel ation energy in solution. One must not consider 0%

By cycle (Born-Haber cycle) should be used wherever possible

gy o i MGl .

AR o AHBy I, werystal o other thermochemical datg as given below.

*In certain books, th / ZARHIEH 2 AH +EA v U
» the electron affinity values of Bo -

been reported as positive (Seo tablo 2.20), » Mg, N, P, noble gases are shown as zero, But, recently, their values have

Hess’s law relates the Jattice ene




A

llIODI‘:’ITY _ Enthalpy of formation
thalpy of sublimation

Jisation energy
{ dissociation

@ AHg = En
\‘Vhe B = IOl
AHg = Enthalpy ©

X %) .
A= Electron affimity
U= Lattice cncrgy e . |
{ lattice encrgy and clectron affinity can be measured, Originally, ol
el e affnities. With (he i of known crystal structures, it was possible to calculate

: e lues were obtained for the clectron affinity.

s - cu Rl = "‘
U , hence V¢
b.‘\:;ma enersy andA;:,_ _ 4+ AH + LE+ 1/2 AH ;+EA+U
g 2=+ 1084+ 495.4+120.9+E.A~757.3

For NsCl: EA =- 348.6 kJ mol”
alues are known, the cycle is used to calculate the lattice energy for

s € E
octron affin

S

anc o .
qt some clectron affinity V
ow, WALS

b uTe
e Ci’.‘*m] structures.
B pifference

, Electron affinity Bl Electronegativity

i

|1.is the tendency of an isolated gaseous atom to | 1. It is the tendency of an atom in a molecule to
1+ r-a:i on electron. attract the shared pair of electrons.

;:5 measured in electron volts or kcal/mol or|2. Itisa number and has no units.
7 dimol. 3. It is the property of a bonded atom i.e., itis a
311 is 2 property of a isolated atom. i.e., it 1s an molecular property.

| zomic property- 4. An atom has arelative value of electronegativity
4n om has an absolute value of electron affinity. depending upon its bonding state. For example,
sp-hybridized carbon is more electro-negative
| than sp?-hybridized carbon which, in turn, is
’ more electro-negative than sp>- hybridized
carbon.

15 tdoes not change regularly in a period or 2 group. 5. Tt changes regularly in a preiod or a group-

between Electron affinity and Electronegativity

e

-
Example ~

m.;::':‘op(l;_m- Hf)W much energy is kilo calories is released when 3.55 g of chlorine are completely
ions in the gaseous state ? The electron affinity of Cl(g) is — 3.7 eV.

Soluti
tion, %(Sg) +e¢” —>Cl™ (g) ion+37eV
58

F
'om above equation, it is clear that 35.5 g of
Cl(g) =-3.7eV.
355 g of Cl E——£X355=—0 \Y

b _ 23.06 kcal]
=037 x 23.06 keal Lo dieh

Hence =-8.53 kCaUmOIe
—18Y Teleased = 8,53 kcal/mole
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attraction for the shared pairt .

The tendency or power of an clement In @ molecule to attract the shared pair of ﬂ%
itself is known as its clectronegativity: |

jvity withdraws the shared pair of electron. more 1on.
the other hand. the element with l\“
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The clement having higher clectronegat
quires some partial negative charge. On
ge because molecule as a whole is ﬂaw{:
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on of electronegativity i purely qualitative. However, various atlempts have bes

The above definiti
made to give quantitative meaning to the electron
Trend in electronegativity of elements along a period. As we MOve along a peniod I the penode
tshle. the nuclear charge goes on increasing. The electrons are added in the same shell. These :ler:-—‘

hence do not screen the nucleus appreciably. The force of attraction of the nucleus for the valence electm

soes On increasing.
As a result : the effective nuclear charge > screening effect

?mcnce the electronegativity of elements goes on increasing

example, in the second period eleme =

. . nts, the electro-negativity : 2

is least w y - i ’ gativity of Li-atom —NQR - il =18

- r::;e‘th:t of fluorine atom (revised = 3.98 ; original = 4.0) is the ma ~(IE\'LQ'~C1 -;}0:3\\ ; ongimal =11
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egativity.

on decreasing.
As a result ; :
H‘:merdul; . the effective nuclear charge < screening eff
ectronegativity of ele ; ect
electronegativity of Li ments goes on decreasi
: i-atom (revised = s asing. For example i ~
0.79, original = 0.7) is the leas Vised =095, origlnsl il ) 1 ishot S e et element &
7) 1s the least on the Pauling scale s highest while that of cesium atom (revid ®
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i Shlfie other slommswith whjchd'[n']f)l#"u'c Lo attract covalent elec
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formed. It is because the
of fluoride ion

o onICITVv'OF ELEMENTS
gal b) Anions are le§s c_lcclroncgmivc than the atoms from which these are 10T
anions are larger 1n S1Z¢ than l]‘lc corresponding atoms, e.g. the clectronegativity
(F) is 0.78 while that of fluorine atom is 4.0. .

3 Hvbridisntion. The basicity of an amine depends upon the type of hyhridisalion of the nitrogen
: a(£)|11. Greater the s-character ol hybrid orbital, greater will be the clectronegativity of N-z'ltom- It

jowers the donating power of electrons to N-atom and hence lowers the basicity of the amine. For

example, let us consider the relative basicity of alkyl cyanide (R-C = N), pyridine (CsHsN :) and
aniline (CeHsNH?). The N-atom in these compounds is sp, sp? and sp? hybridised respectively.
Thus s-character of hybrid orbital is 50% in RCN, 33.3% in CsHsN and 25% in CgHsNHy. Thus
the decreasing order of the basicity of these amines is RCN > CsHsN > CgHsNH;.
Effect of substituents. The clectronegativity of an element depends upon the nature of the substituent
to which it is bonded. The element acquires greater positive charge if the electronegativity of the
substituent is higher than that of the element. Greater positive charge makes the element more
electron attracting. Thus the chemical behaviour of the element changes. For example, C-atom in
CF;I has more positive charge than C-atom in CH3l. It is because electronegativity of F-atom (= 4)
is greater than that of I-atom (2.8).
Because of the difference in the electronegativities of substituents, CH3I and CF3l give different
products on hydrolysis.

CH;l + OH-— CH30H + I ; CF3l + OH-— CF3;H + 10~

_ Electron affinity and ionisation energies. According to Mulliken, electronegativity of an element

is one half of the sum total of its electron affinity and first ionisation energy. It means that higher

the value of ionisation energy and electron affinity, greater will be the electronegativity.

6. Effective nuclear charge. According to Allred and Rochow, the electronegativity of an element is
proportional to the effective nuclear charge, Zegs. As we go down the group, Z.g decreases
because with increase in atomic number, the size of atom increases. Hence electronegativity decreases
down the group. It is clear from the electronegativity of the halogens

[F (4.0) > Cl (3.0) > Br (2.8) > I (2.5)].
As we move along a period, Zeff increases because of decrease in size of the elements. Hence
electronegativity increases along a period. It is clear from the electronegativity of second period elements
[Li(1.0) < Be (1.5) < B (2.0) < C 2.5) <N (3.0) < O (3.5) < F (4.0)].

Z.g decreases with greater screening effect of larger number of inner electrons. Thus electronegatvity
| would decrease with increase in the number of inner electrons in atoms of elements in the same group. It is
; another reason which explains why the electronegativity of alkali metals decreases in the order,
{

Li (1.0) > Na(0.9) > K (0.8) > Rb (0.8) > Cs (0.7).

MEASUREMENT OF ELECTRONEGATIVITY OF AN ATOM-
DIFFERENT ELECTRONEGATIVITY SCALES

F°“°Wing methods are used to measure the electro-negativity of an atom in a molecule.
qutioln-iSt'fil:)lliken’s 'scale. Mulliken (1934) sg“gg.eslcgl elccl‘roncgulivny scale whi-ch‘ wai li:)uied upon tﬁe
of an elemenI: P((;zenUal. (I,P.) and first elcclro'n alimn)./ (lz:A.) of an element. He determined the electronegativity

_ » (Xa) with the use of following relations.
() When LP. and E.A. are measured in electron volts
_(IP)p + (EA)

e 2

; e ————

n




MODERN “v/=== == NS,

asured in kcal per mole

112
A. are me
(i) When L.P- and E [(I.P.)A + (EA)A :I y , ; 5
_[apia + ELIA I ——
Xa ~ 2 '
. order to make Mullikep’
; . petween Pauling’s values and Mu! ll-kenf’sllm\!vl;sz rI;lations are used. S Valy,
. R(;lﬂt‘(;’:ﬂ o Pauling’s values of clectronegativity, 1010
approximately equs
() Xpauling = Npultiken/2:3 o 1
- (Lp-)A + (EA)A X ___l__ = [(IP)A o (EA)A] 56
oo Xa=|7 5 )28
¢ In this relation, L.P. and E.A. are Measureg ;.

e

electron volis.
(@ Xpaling = Xnultiken/3-15 = [(IP), + (EA)A] X 3—1—5‘

is called scale adjustment factor. In this relation, LP. and E.A. are measured in kcal per ),

1
where 315 =
Limitations. (i) It is difficult to get reliable values of electron affinities.

(if) The electron affinities of all the elements are not known.
(iii) The values of E.A. and I.P. change with the change in the valence state of an element.

2. Pauling method. According to Pauling :

Electronegativity difference between two atoms = ().18 \/ Resonance energy in kcal mol™ (1

g ()

where Resonance energy = Actual bond energy — Energy for 100% covalent bond (i
. ' (i
ctual bond energy can be measured experimentally. 100% covalent bond energy can be calculated &

follows :
Ei00% covalent bond A - B = VEa_a Eg
'h
where Es-p =Bond energy of covalent bond A - B

Es_o =Bond energy of bond A — A
Ep_p =Bond energy of bond B — B,

After finding resonance
be found by usin nance energy, electronegativity diffe
- g relation (7). [ : rence between tw can
as ongin of scale, thep : @) If atom B is hy drogen and electronegativity of h(;’(ti)roongied Eztom?’)j?)Sa; :is iﬁen
n atom (2. ¢

Electronegativit i H
y of atom A -
A -Hbond = 2,05 4+ electronegativity difference of A-H bond
O - (0) N

-
B
. e,
p—

= Example =
EXAMPLE 1 ; = — 3
i MPLE 9. Calculate the clectroneg o
: , and 83 kcal moJ- respectively
OLUTION, (a) To find resonance energy
Actual bopg Energy for 100%

Resonance eneroy = .
8y | emergyof |_| .
3 Ovalent
&~ Hbong w-$M A

EIOO‘? covalent
o bond C-H e \/-E\
H-y E = :
A7cc=v104x83=9;q kecal moje- (i

. o
L

alivity of ¢; :
Y OFcarbon in C - bond if Ec_y, Eyy_yy and Ec.c pond®
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ing values in Eq. (/) [rom (ii), we get, Resonance energy = 98.8 —92.9 = 5.9 kcal mol~ ...(1i1)
nd clectronegativity difference of C — H bond.
ivity difference between C and H atoms

Substi u
) To fi
Electronegal

= 0.18 y/Resonance energy in keal mol~ = 0.18 /5.9 = 0.44 (V)
¢) To find clectronegativity of C atom

(

Taking clectronegativity of H = 2.05 as origin of scale, the clectronegativity of carbon.
= 2.05 + Electronegativity difference of C — H bond ...(v)
gubstituting the values from Eq. (iv) in (v), we get the electronegativity of carbon = 2.05 + 0.44 = 2.49.

3, Sanderson’s Scale. Sanderson suggested electro-negativity scale which was based upon stability

m!i() (SR) . )
The stability ratio of an atom is defined as :
“the ratio of average electron density (E.D.) around the nucleus and its ideal electron density (E.D;)

calculated for an inert atom having the same number of electrons.”

ED
d i 1 ’ SR -
Mathematically ED,

According to Sanderson :

Stability ratio of an atom is a measure of electronegativity. He related electronegativity (X,) of an

alom, A with stability ratio (SR) by the following equation called Sanderson equation

(X4) Sanderson = 2

i
where (i) E.D. is a measure of comparative compactness of the atom. Since electrons are not evenly spaced

around the nucleus, electron density differs from point to point. Thus, average electron density is used. It is
given by the following relation.

37 Z
ED = 7= 3
4rr 4.19 r
where r = Covalent radius of atom in A

Z = nuclear charge
(i) ED; is the ideal electron density. For a particular atomic number, it is found from interpolation
ned when electron density of inert gas atoms is plotted against atomic numbers.
Relation between Pauling’s values and Sanderson’s values. In order to make Sanderson’s

obtaj

dmmnegaﬁvhy values approximately equal to Pauling’s values, following relation is used.

—~— m = 0.21 Xsanderson *+ 0.77

= P

N- F?(EnA:n ;LE 20. Calculate the electronegativity of nitrogen from the data given below. Bond energies of

~Nbond and F - F bonds are 56, 32 and 37.8 k cal mol~. Electronegativity of F-atom = 4.0.

Sgl;lfr:.loN' In NF, electronegativity of F is more than that of N. We know that :
Where 5 _ ¢S electronegative atom, N = EN of more electronegative atom, F — 0.208 (A)!2 (1)
= (BE. of N-F)-[(B.E. of N-N) (B.E. of F-F)]!2
A=56- 32 x 37.8]12 = 56 - 34.8 = 21.2 k cal mol- (2

Substiys:
EN oltutmg the value of A from relation (2) in relation, (1) we get
s llectonegative atom, N = 4 — 0.208 (21.2)12 }= 4 — (0.208 X 4.6) = 4 — 0.95 = 3.05




