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Linear Variational Principle in Chemical Bonding
Valence Bond Treatment of H,
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Linear Variational Principle in Chemical Bonding
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Linear Variational Principle in Chemical Bonding 4, - 15,015
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Linear Variational Principle in Chemical Bonding 4, - 15,015

2 = 154(2)1sp(1)
Valence Bond Treatment of H, b =161 + cas
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Linear Variational Principle in Chemical Bonding
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Linear Variational Principle in Chemical Bonding 4, - 15,015
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Linear Variational Principle in Chemical Bonding 4, - 15,015
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Linear Variational Principle in Chemical Bonding 4, = 15,015

2 = 154(2)1sp(1)
Valence Bond Treatment of H, b =161 + cas
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Linear Variational Principle in Chemical Bonding 4, = 15,015

2 = 154(2)1sp(1)

Valence Bond Treatment of H, b =161 + cas
J+ K 1
+ 1 4 52 P+ \/2(1 + 52) (1% 92)
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Is this'wave function well-behaved?




Linear Variational Principle in Chemical Bonding
Spin-Statistics Theorem

Wave function of a system of identical particles

« must be antisymmetric wrt inferchange of any two particles if the particles have half-
integer spin (fermions)

« must be symmetric wrt inferchange of any two particles if the particles have integer
spin (bosons)

B 1 D1 = ISA(1)15B(2)
o= Jazey M EY 62 = 154(2) 155 (1)
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= (154(2)1sp(1) + 1s4(1)1sp(2)) = (154(2)1sp(1) + 1s4(1)1s5(2))
=0, =




Linear Variational Principle in Chemical Bonding

Valence Bond Treatment of H,: electron spin
gbi _ 1 ((251 4 gbg) Q51 = ]_SA(]_)].SB(Q)

\/2(1 + 52) Qg = 15A(2)15’B(1)
For one electron system:
S?|a) = s(s + 1)h?|a) S.|a) = gm
3%8) = s(s + DA B) 5.18) = 1)
For two electron system:
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Linear Variational Principle in Chemical Bonding
Valence Bond Treatment of H,: electron spin
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Linear Variational Principle in Chemical Bonding

Valence Bond Treatment of H,: electron spin
well-behaved wave function:

|1SA(1)1SB(2) + 1SA(2)1SB(1)> %(O{l 52 — (X9 51) >
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Linear Variational Principle in Chemical Bonding
Molecular Orbital Treatment of H,*

Hamiltonian
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Overlap integrals
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Trial wave function
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Linear Variational Principle in Chemical B
Molecular Orbital Treatment of H,*
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Linear Variational Principle in Chemical Bonding
Molecular Orbital Treatment of H,

¢+ = (1sa + 1sp)

Omo = (154(1) +1sp(1)) (154(2) + 1sp(2))
= 154(1)154(2) + 1sp(1)1sp(2) + 1s4(1)1sp(2) + 1sp(1)1s4(2)

— éionic + @bVB
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Linear Variational Principle in Chemical Bonding
Symmetry Adapted Linear Combination of Atomic Orbitals

Diatomics

« core orbitals are too compact and virtual orbitals are too
O: 152 252 2p* diffused for significant overlap (constructive/destructive)

n between neighbouring atoms.
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Linear Variational Principle in Chemical Bonding
Symmetry Adapted Linear Combination of Atomic Orbitals

Diatomics
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Linear Variational Principle in Chemical Bonding
Symmetry Adapted Linear Combination of Atomic Orbitals

Polyatomics: AH, (A1) = 19(0,25) + c20(0, 2p.) + c3p(Ha, 154 + 1sp

w(Bl) — Clgb(oa 2pm) + CQCb(H% Isa — 133)

?\) )/\) %i J/\j 0(B2) = 6(0,2,)

O 2p, 2p, 2p, Hy 1S4-1S5 &

Cov E Gy oy(xz) 0,(yz)
Ay Ay 1011 1 z P p7
j\J A (11 |1 |- R, | xy
By |1 -1/|1 -1 xR, xz
Hy 1S4+15g 1]-1]-1 |1 R,




Linear Variational Principle in Chemical Bonding
Symmetry Adapted Linear Combination of Atomic Orbitals

Polyatomics: AH,

V(A1) = 19(0,2s) + c20(0, 2p,) + c3p(Ha, 154 + 1sp) g %\ j\\)
Y(B1) = c10(0,2p,) + cop(Ho, 1s4 — 1sp) f\J ‘-7\-)

V(B) =0(0.2,)




Linear Variational Principle in Chemical Bonding
Symmetry Adapted Linear Combination of Atomic Orbitals

Polyatomics: AH, 3a, Q
30




HUckel's Molecular Orbital Method: an empirical freatment of pi electrons

. nr o Secular Equations
H7T — E H(?’) Hy—-ESn His—FES;» ... Hy,—FES, C1
_1 H21 — ESQl HQQ — E;Sgg can Hgn Co
- = : : .. : NN 0
Hﬂ_wﬂ_ — ﬂ-wﬂ_ Hnl — ESnl Hn2 — ESnQ s Hnn - ESnn Cn
N
Overlap integrals = Oin
Pl p integ S; j %
R Energy integrals
H(1)o, = e;0; L
( )Q%C iPi H;; =«
H.. = If i and j are connected
¢7j — E Crifr tJ B

HZ] — () Ifiandj are NOT connected



Huckel's Molecular Orbif

oa—e 3 0 0
B a—e f 0

'al Method for butadiene

0 B a—¢ S
0 0 B a—e;
— o+ 28 ) 1N

Cr = coS Nri) b

e1 = o+ 1.61883

ea = a+ 0.6185

es = a — 0.61883

es = o — 1.61883

b1 = 0.372f1 + 0.602f5 + 0.602f5 + 0.372f,
by = 0.602f; + 0.372f, — 0.372f3 — 0.602f,
b3 = 0.602f; — 0.372f, — 0.372f5 + 0.602f,
b1 = 0.372f1 — 0.602f + 0.602f3 — 0.372f4






