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Parity

* Parity- Molecular orbitals
of homonuclear diatomics Cusirs
are labeled u, g depending .
on their behavior under _l -
inversion. =
u=odd (ungerade)
g=even (gerade)

gxg=g
uxu=g y
uxg=u
Rules and Examples
DH?
Oneeélectroninas orbital. | =0, S=1/2
Term symbol is

2) For any closed shell homonuclear diatomic,
L =0, S=0; g parity so theterm symbol is:

3) Consider O,: 2 electronsin 2p* orbital.
| =1,-1; L=0; S=1, gxg=g

Heteronuclear Diatomics

1) When Z, and Z are close, thenthe MO’s
of heteronuclear diatomics are similar to the
MO’s of homonuclear diatomics.

Example: CO
— Energieswill follow those of C,.
» Molecular orbital electronic configuration:
(1s)2(2s*)4(1p)*(3s)?
b=(8-2)/2=__

Term Symbols

« Term symbolsfor linear molecules are constructed
similarly to atoms. Except, must pay attention to total
orbital angular momentum about internuclear axis,L 7

25+
L
g.u

e Thevalueof L isthesumof | for individua electronsin
molecule.

s orbital; | =0
p orbital; | =+1
d orbital; | =42

L=S, P, Dfor|L|=012,..

Rules- cont.

* For S terms, a+ superscript denotes behavior
of the wavefunction under reflectionin a

plane containing the nuclei. (see Figure
14.36)

* For H,*, complete term symbol is

* For O,, complete term symbolsis

Heternuclear Diatomics- cont.
2) When Z, and Z are of very different
electronegativities, then the MO’ swill have avery
different energy scheme.
Y = CAA + CBB
. 2 _ 2
nonpolar bond: |ca|“ =|cg]

pure ionic bond:|c |2 =0;|cg/? =0




Example: HF

HF- polar bond-electron pair closer

Variation Principle

« If an arbitrary wavefunction is used to calculate
the energy, the value calculated is never less
than the true energy.

» Thearbitrary wavefunctioniscalled atrial
wavefunction.

— Basis set isagiven set of atomic orbitals that are used
to construct the trial wavefunctions

» The procedureisto vary the coefficientsin trial
wavefunction to minimize energy. The best
coefficients for the MO’ swill be obtained in this

way.

to F atom resulting in a permanent S
dipole moment.
Y = CH H + CFF
Bonding s orbital is mainly F, — o
Antibonding s* orbital is mainly H,
L s —
General Method
Y =capYp tCgYp Trial wavefunction
_ oY *HY dt Search for coefficients
- oY * Yt that minimize E.
7ﬂE =0: 7ﬂE =0
iCn ' TCg

oY 2dt = (caA+ cBB)Zdt
= c%oAzdt +c25 oB2dt +2c,CgOABdL

= C,ZA + c% +2cpCBS

OoYHYdt =p (CAA + CBB)H(CAA + CBB)dt
= c2 GAHAd +c oBHBdt +
EN ag
CaCgOAHBUL +c, cgoBHAML
b b

= c%aA +c%aB +2cpcgb

a=Coulomb integral-ener gy of electron occupying A
b=resonance integral- vanishesif thereisno overlap

Solve for Energy

_oYHYdt _ cﬁaA +c%aB +2cpcgh

oY 24t c2A + czB +2cpcCgS

Find miminum energy: Differentiate E with respect to c,
and cgand set equal to 0.

(aA - E)CA + (b- ES)CB =0
(b- ES)CA +(aB - E)CB =0

Secular Equations
Sf)lut;(f)fn '.f ﬂ:e Qe(t)ermlnant Solve secular determinant
or coerticients1s 0. to get energies.

ap-E b-ES
b- ES ag- E
Secular Deter minant

Example- Homonuclear Diatomic

a-adb
c g * e

cp=cgand ap =ag=a

a- E b- ES_ 2 2 _
b ES & j_(a' E)? - (b- ES“=0

+ b The two roots give the energies of bonding

azt and antibonding molecular orbitals formed from
atomic orbitals. According to variation principle

1i S these roots are best energies for given basis set.

Ei:

To get c,and cg, solve the secular equation by plugging in
energies to get the ratio cy/cg. Then normalize.




Wavefunctions

1
Cp=———= forE
AT on+ 92 y
Cg=———~ forE.
B ou- 92
A+B ) .
= Bonding orbital
T oa+9t? 9
-_A-B_ Antibondi bital
"o 5)1/2 ntibonding orbi

Example 2- Heteronuclear

Diatomic
S=0 (common approximation)
ap - E b 2
=(ap - E)lag - E)- (b)=0
o . p" @A ENas-E)- ()
z—larctaniz‘b‘ ;
) ag-a, Y- =-Asinz+Bcosz

E. =ap - beotz Y4+ =Acosz +Bsinz
E; =ag +bcotz

Strongest bonding and antibonding effects occur when
two contributing orbitals haven similar energies.

Example- Calculate the MO's of HF

* Consider lonization Energies:
H,s 13.6eV=ag,
F, 40.2 8V ] Closest in energy
Fp: 18.6eV=a,

» Givenb=-1.0 eV ; Neglect F,, orbital.

2b 20 o

_1
ag-ap 2 -136- (-186)

z= }arctan
2

E. =ap-bcotz=-188ev Y. =0.98Yy - 0.19Y¢
E, =a B +bcotz =-13.4eV Y= 0.19YH - 0.98Y|:




