Electronegativity

Electronegativity, symbol y, is a chemical property that describes the ability of an atom to attract

electrons towards itself in a chemical bond. It is not an inherent property.

*Electronegativity cannot be directly measured and must be calculated from other atomic or
molecular properties. Several methods of calculation have been proposed and, although there
may be small differences in the numerical values of the electronegativity, all methods show the

same periodic trend between elements.

Electronegetivity values of some elements (in Pauling scale):

Electronegativity

Wz
o)

(=]
'

4.0-
3.0-3.9
2.0-2.9
1.0-1.9
0-0.99

NT
%)
o

(V]
o

3
S
2
As Se
2
T
2

w N N
-— hr

5
=)

2 13/l 14/IV 15V 16/VI 17/VIl 18/VIIl
]
p




Electronegativity gives an indication of bond type.

A bond formed between two atoms of similar electronegativity will be essentially covalent.
Increase in electronegativity of one atom, will result in that atom having greater control over the
bonding pair of electrons.

For example-

A X ArEY AT 1 Z
Covalent bond Polarized covalent bond electrovalent bond

Electronegativity of the atoms increase in the order x <y <z.

Electronegativity values can be used to predict bond types:

A difference in electronegativity between two atoms of >1.7 indicates that the bond is ionic.

A difference in electronegativity between two atoms of between 0.4 - 1.7 indicates that the bond
is covalent.

Weakly Polar Covalent: An uneven share of electrons. Electronegativity difference of more than

zero but less than 0.4.

Periodicity of electronegetivity values:

Values and tendencies in the periodic table: In general,the electronegativity of an non-metal is
larger than that of metal. For the elements of one period the electronegativities increase from left
to right across the periodic table. For the elements of one main group the electronegativities

decrease from top to bottom across the periodic table.

The alkali metals posses very feeble attraction for electrons, as it is to be expected from their
electronic configuration. The halogens on the other hand, have highest electronegetivities in each
row because of their ns’np’ configuration. The decrease of electronegativity down any vertical

group is consistent with the variation of effective nuclear charge.



Factors influencing Electronegativity, Although the electronegativity of an element is conventionally
assigned a definite value, yet it may differ from one molecule to another. The ability of an atom in a
molecule to attract electrons towards itself depends upon its environment in the molecule.. The
electronegativity of an atom would thus depend upon the nature of the other atom with which it is attached
“in the molecule. The factors which largely determine the electronegativity of an atom are as follows.

~ Charge on the atom. An atom which acquires a positive charge, either integral or partial, would
tend to attract electrons more strongly than a neutral atom. Thus, a cation will be more electronegative
than the parent atom which, in turn, would be more electronegative than its anion. Also, the higher the
positive oxidation state of an atom in a species, the greater would be its electron-attracting power and
hence the greater would be its electronegativity. For example, the oxidation state of central chlorine
atom is +1in HCIO and +5 in HCIO3, Hence, the chlorine atom will be more electronegative in HCIO
than in HCIO. Accordingly, the release of hydrogen as H* ion in HCIO; would be much easier than a
similar change in HCIQ. In other words, HCIO; behaves as a stronger acid than HCIO:

Rybridisatlon, We know that s electrons are more penetrating than the p electrons. Therefore, ifan
atom has hybrid orbitals with a greater s character, the electronic charge in such orbitals would remain
| closer to the nucleus of that atom. This means that the electronegativity of the atom would increase wz!h
increase in s gharacter of its hybrid orbitals... For example, in methane, the carbon atom involves sp?
,hybndlsallon of i s orbltals 50 that lhc hybrid orbitals have 25% s character. In ethylene, the carbon atom
L onsequently thers character of hybrid orbitals increases to

3%, In acetylene, the carbon atom involves sp hybridisation of its orbitals and, therefore, the s character
of hybrid orbitals increases to 50%. Accordingly, the electronegativity of carbon atom increases as we
‘move from CH, to C;Hy and to C;H,. Due to greater electronegativity of carbon atom in ethylene and

: acetylene, the electron pair of C - H bond is pulled more towards the carbon atom thereby facilitating the
_'rf:Imse of H atom as H'ion. Thus, while methane is neutral, ethylene is slightly acldlc while acetylene is
~ considerably acidic. - '

Similarly, the basicily of anines also varies with the type of the hybridisation of the orbitals of the
nitfogen atom, The higher the s character of the hybrid urbmls, the greater would be the ekchnnegahvtty
and the Jower would be the slectron-donating power of the nitrogen atom and hence the iower would be
the basicity of the zmine. For example, the molecules RCN, CsHsN (pyridine) and C¢HsNH,, involve,
respectively, sp, sp? and sp® hybridisation of the orbitals of the nitrogen atom. Accordingly, the s
character of the hybrid orbitals of nitrogen atom is 50% in RCN, 33% in pyridine and 25% in aniline.

Accordingly, aniline is a stronger base than pyridine which, in tum, is a stronger bese than RCN.



Effect of substituents. The ek,ctronegatmty of an atom depends consrderably upon the nature of
the substituents attached fo that atom. For example the carbon atom in CF;3l acquires a greater positive
charge than in CH31. Hence, the carbon atom in CF5] is more electronegative (i.e., more electron pullmg)
than in-CH;l. The difference in the electronegativities of an atom caused by the substituents results in

- different chemical behavrour of that atom. For mstance, CF;l and CH;l yield different products on
hydrolysrs

CF3] + OH~ — CFH + 10~
CHs;l + OH- — CH30H + I-

Role of ionization energies and electron affinities, .According to Mulliken, electronegativity is
related to the average of the ionization energy and electron affinity of the atom (Eq. 9). Evidently, the
higher the ionization energy and electron affinity, the greater would be the electronegativity of the atom.

Effective nuclear charge. Variation of electronegativity in the perlodlc table, Allred and Rochow
reasoned- that the electron attracting power of. an atom in a molecule is proportional to the effective
nuclear charge, Zegr. Thus, any factor. which increases Zggy, should also increase the electronegativity of
the atom. For example, Zyy decreases as we go down a grdup in the periodic table, This is because with
increase in atomic number within a group, the atomic size increases, Hence, electronegativity decreases
as we move down a group. Thus, the electronegatmty of the halo gens decreases in the order :

F(40) > C1(31) > Br(2:9) > (26).

Zer increases with decrease in size of the atom and the size of the atom decreases as move along a
period from left to right in the periodic table, Accordingly, electronegativity goes on increasing with
increase in atomic number as we move along a period. Thus, electronegatrvntles of the elements of the
second perlod mcrease inthe order :

uum<&un<sam<can<nam<oan<rmm

Zyy also depends upon the number of inner electrons which screen the last electron. The larger the
number of inner electrons, the greater would be the screening and the lesser would be the effective
nuclear charge. Thus; electronegatrvrty would decrease with increase in the number of inner electrons

in'atoms of the életnents in the same group. Thls is an, addmonal reason why the electronegativity of
alkali metals decreases in the order :” :

Li (1/0) > Na (09) >K (08)> Rb (08) > Cs (07).

Applicatlons of Electronegatlvlties. Electronegatlvrtles have very wide range of appllcatrons
Some of thei 1mportant appli 1cat|0ns are gwen below

Calculntion of partlal lonic character of a covalent bond. The The development of 10mc character
in a covalent bond between two atoms, say, A and B, is due to the difference in the. electroncgatwrtles of
. Aand B. The greater the dlfference in the electronegatwrtles, the greater would be the development of
ionic character arid cmsequently the higher would be the stability of the resulting bond.

Pauling suggested the following correlation between the electmnegatmty d\fference XA-Xp and
the per cent ionic character of the covalent bond :

0-25 (1 A

Per cent ionic character = [|-¢ 'XB)] x 100



2. Caleulation of enthalpies of formation of compounds, It is possible to calculate enthalpies of
formation of compounds from electronegativities making use of the following empirical equation put
forth by Pauling ; i

AHy = 23 & (x4 =x)*- 554ny - 260 ng

where AH s the enthalpy of formation, ny and ng are the numbers of nitrogen and oxygen atoms in the
molecule. The value of & would be 1, 2, 3, etc., depending upon the number of bonds in the

molecule. For instance, & = | for HC, € =2 fo BeCly and so on. The ualuﬁ of Mfﬂhlﬂ-lnﬁd 8
above are, however, approximate.

Suppose we want to calculate the enthalpy of formation of BeCl,. There are two Be-C1 bonds in
this molecule. The values of X and Xp, are, respectively, 3-1 and 1-5
AHy =23 x2[(31- 1:5)8] = 0~ 0 = 11776 keal mol™!
(ty and ng are zero since there are no nitrogen and oxygen atoms in the molecule)
(The experimental value for AH; is found to 122 keal mol!)

3, Calculation of bond length, It the two atoms A and B bonded together through a covalent bond
differ in their electronegativities, then the covalent bond would acquire some ionic character, as illustrated
above. In other words, the bond acquires polarity. The greater the polarity, the shorter would be the
length of the bond formed between A and B. Shoemaker and Stevenson proposed the following empirical
equation for calculating the bond length in such cases :

dpn=rpt rp-009 (1o~ p)
where dy.g is the actual bond distance between A and B ; r, and g are the covalent radii of A and B
and X, =Xy is the electronegativity difference. The normal length of the covalent bond between A and
H would have been equal to ry + rg. Evidently, the shortening of the bond between A and B due to
gg:utmn:gahvlty dlffﬂn:ngl: is equal to 0-0%(X5, ~%g). Due to reduction in length, the bond would be
re stable

Let us calculate the !:n:-nd dmtam:a N—D mth the htlp of Eq 14 Cwalmt radii of mtrngm and
] ) Ll and I ] ; '-I"’l 35

X

Elber thfaljr Thus
: dng =075+ 074~ 0:09 (3:5 - 30) = 1445 A
! The actual N-O bond length is 146 A
Stmllurly, the length of the C=O0 bond is given by
' deg =077+ 0:74-0:09 {3 5-25) =142 A



4. Explanation for bbrpd'_angle#ﬁc-lesqer_the electronbgativity of the centra] atom in a polyatomic
molecule, the lesser would be the magnitude of thie bond angle. This may be explained as follows : If the
electronegativity of t,hg-centra!"atdm“is,léss’, it would not be able to hold the bonding electron pairs
towards itself.. Therefore; the bonding electron pairs would shift more towards the other atoms attached
to the central atom. This would.result in a decrease in the bond pair-bond pair repulsion and hence a
decrease in:the bond anglle. : : g ST :

For illustration, th'eBohd "a'ng‘l_e.s a_ilnd e)ecnonegAtiviqieé of trifluorides of the Group 15 elements are
T given below.'AS‘eXpec_téd, the dédrgase' in electronegativity of the central atom results in a decrease of

thebond angle, - - BT LT
| | S ‘Cﬁmpﬁﬁljd K Elecfroﬁégéilvtly  Bond Angle ol
" Pl T E of Central Atom ' ;
- NFy. B X 1020
S T Y 97°
CASFy ) 22, ©96°
SbFy ] 20 8g°

5. Ratlonslisation of reaction mechanism, It ha been observed that when CH;l reacts with the
nucleophile [Mn(CO);]-, the following reaction takes place

" CHyl + Na*[Mn(CO)]- — Nal + CH3Mn(CO);
The formation of the above reaction-products may be explained as follows : lodine in CHj is more

electronegative than carbon. This creates a partial positive charge on the carbon  atom. The negatively
charged nucleophi]e; thus, attacks the positive site resulting in the formation of CH3Mn(CQ)s, -

-On the other hand, if we cmry out a similar reaction with CFsl, a totally different product is
obtained ; 'Thus,:;' . iy -

" 2CF;] + Na*[Mn "(CO)sJ"f—,-__af-Nal + Mn(CO)l + C,F,

Becatise of the presence i)_f_“:,highly::'eiegémqegative F atoms, the electron charge cloud of carbon
“atom is pulled towards the former. This creates electron charge- deficiency at the carbon atom which_is

made up.by the pulling of the eléctron charge cloud of jodine atom towards the carbon atém (the electron’

charge cloud of iqdi'ie-.*éa'?;;egéilaa:v;ngl@risahlﬂlis':ﬂiaﬁ;Pﬁs.@t@%%ﬁ: partial. positive-charge- on- jodine. atom,
Therefore, the nuc,leophiléj.wﬁ?‘c}q;g:]: riaw pitacks the iodine site Jeading to thie formaion of Mn(CO)ql.
 ffa similar way, we.can-explain the acidic or basic natute of some. hydroxy compounds, Consider,
for example, HOC,” The. t.:hl'o_rine‘_.atom"i_r_i-fthis;.vnj"d{edule,is in #1 oxidation state, It ‘is, therefore, more
cléc'trr_jfnmaét'ixfg';tha'hﬂ oxygen. The chldﬁne'atom,-,.thus‘! pulls the, electron pair of the O-Cl bond
“towards itself (Jeaying. electronic charge deficiency on the oxygen atom. In order to make up this
* deficiéncy; the-oxygen atom pulls the electron pair of O-H borid towards itself, “Thig facilitates the release
of H atom as H* ion by the rupture of the O-H bond. Hence, the hydroxide HO-Cl behaves as.an acid.
.. In'Be(OH);, jﬁe._g!'eéttoﬁe'gaﬁ\iity”of Be is less:than that of‘oxygen. Therefore, the eléttron pair of
"Be-O bond is pilled ‘more towards oxygen. This facilitates the réléase of- OH" group with'thié rupture of
the Be~0 bond. Hence, Be(OH), behaves asa base. S



Muae of similar values of electronegativities and hence of electron-attracting powers, Li and Mg
have similar chemical properties.

7. Types of bonds. The type of bond formed between two atoms would, evidently, depend upon
the difference in their electronegativities. If this difference is zerc or very small, the bond formed would
be covalent and if the difference exceeds 2-5, the”bond formed would be electrovalent. If, however, the
electronegativity differencs is less than 2+5 but otherwise quite appreciable, the bond formed would be
polar covalent.

Scales of measurement of EN :
1. Mulliken Scale :

Acording to this scale, E.N of an atom is the average sum of L.E and E.A of an atom.

_IP+EA
g

EN

2. Pauling Scale :
Pauling related to resonance energy of a molecule AB with the electronegativities of the atoms A

and B. If X and X5 are the E.N of atoms A and B respectively then,

0.208 Ay =X~ X,  HXi> X,
or A= 23.06 (X, - X,

Ko = E E

A-B {exparimantal) - A-B [thearstecal)

where EA.B is the energy of A.B bond.

In a purely covalent bond

E,s (theoretical)
So Ag=0

or 0 =23.06 (X,— X,

E

A-B (experimental)

or Xa =Xg

In an ionic molecule AB) EA—B (experimental) > EA—B (theoretical).

There is a relationship in between Pauling scale abd Mulliken scale —



E'Nmu iken
ENpauIing - z.gﬂc
EA +IE
Qar ENpauIan = 56

Alired and Rochow’s Approach. Allred and Rochow defined eleetronegativity as the electrostatic
force 'oj' attraction exerted by the nucleus of an atom on the valency electrons. Making use of the
effective nuclear charge at the periphery of the atom, Z,g, as calculated by Slater's rules, they proposed
the following empirical relation for calculating the electronegativity : ' |

X = 0389 Zq/r + 0744

where  is the electronegativity and r is the covalent radius of the atom in angstrom units. The

;le;uo?egaﬁvities as calculated with the help of Eq. 8 are found to be remarkably close to those reported
y Pauling, . |

Group electronegetivity: The overall effect of charge, substituents, hybridization of the bonding
orbitals etc. on the electronegetivity may be summarily expressed for a group in terms of its

Group electronegetivity.

For example: CH3I and CFsl — here -CH; and -CF5; group may be assigned separate overall
electronegetivity values . Here the electronegetivity of carbon is modified by the attached H or F

atoms. The values of electronegetivities of -CH; and -CF; are 2.3 and 3.3.



