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covalent bond ®) interaction

ovalent bonding in the hydrogen molecule.
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F(r)=0 sr=r_ O 3Y) dic
e A/rM=B/rM
o (r )M-N=B/A
e r.=(B/A)Y/MN
ro o) Al die 48N o pualil) 48l

U(r) = [F(r)dr
=[[A™M-BN ] dr
= [(A/1I-M)x '™ - B/1I-N)xr']+ ¢

= [«(A/M-1) ™™D + B/N-1) ™ +¢



=a/rm+b/r*+ ¢ where a=A/M-1. b=B/N-1.m=M-1, n=N-1
At t=a.U()=0.thenc=0

Therefore Ur)=-a/r+ b/r"
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[dU/dr ;= =0
=d/dr[-a/1o +b/1o ]=0
or 0=[amro™']—[bnro™']
or 0=[am/1,"]—[bn/r,~"]
Solving for r,
ro=[(b/a)(n/m)"*"

or I, =1, [(b/a)(m/m)]



S LAY g n>m i ) iy
[d°U/dr* Ji=o= -[am(m+1) /1™ ]+ [bnm+1) /1,77 = 0
[1.™ % bn(n+1)] - [re™“am(m+1) ] >0
I, bn(n+l) >r," am(m+l)

bn(n+l) >am(m+1)r, ™

bn(n+l) >am(m+1)(b/a)(n/m)

i.e n>m



Substituting ‘1o in expression for Umpn.
We get
Uiy =-a/1,7+b/1,"
=-a/r,™+b(a/b)(m/n)l/r,”
=-a/r,™+(m/n) (a/r,™)
=-a/1, [1-m/n]

Uma =-a/1o [1-m/n]
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Let Na and Cl atoms be free at infinite distance of seoarartion. The energy required to
remove the outer electron from Na atom ( 1onization energy of Na atom ). leaving 1t a Na+
ionis 5.1eV.

ie. Na + 5.1V = Na + ¢
The electron affimity of Cl1s 3.6eV. Thus when the removed electron from Na atom 15 added
to Cl atom, 3.6eV of energy is released and the Cl atom becomes negatively charged.
Hence Cl +e =2 CI +3.6eV
Net energy = 5.1 — 3.6 = 1.5 ¢V is spent in creating Na' and Cl” ions at infinity.
Thus Na+ Cl +15eV 2 Na +CI
At equilibrium spacing r0= 0.24nm. the potential energy will be min. and the energy released
in the formation of NaCl molecule 1s called bond energy of the molecule and 1s obtamned as
follows:

V=¢?/ AT1=g 1o

= - [(1.602x10™"%)* / 4I1(8.85x107)( 2.4x107%) ] joules



= - [(1.602x107%)? / 4T1(8.85x102x2.4)( 1.602x107%) eV
=-0eV
Thus the energy released in the formation of NaCl molecule 1s (5.1 -3.6 -6 )=-4.5¢V

To dissociate NaCl molecule into Na™ and CI ions, it requires energy of 4.5 V.



