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1966 Nobel Prize motivation: "for Mulliken
fundamental work concerning chemical bonds
and the electronic structure of molecules by
the molecular orbital method"




The basics of quantum
chemistry

- The n-electronic wave function ¥

‘w (xl, s Z M s T ) ’ dxdydz,...dx dy dz,

» probability of simultaneously finding

e 1 with spin m_; in the volume dx;dy,dz; at (x;,y;,z1)

e 2 with spin m_, in the volume dx,dy,dz, at (x,,y,,z>)
and so on.
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One-electronic density

» The probability density p of finding an electron
(ANY!Il) in the neighborhood of point (x y z) is

p(x,y,z)zan...j‘w(x,y,z Xyseens Zys M 5oy dx .dz,

all m;

* In most cases - knowing the pis knowing the systeml
< > .. A(x, y,z)p(x, y, z)dxdydz

. Iep(x v, z)dxdydz = en

_ A 1.000. 000% question —
~ 4@' How does o look like?
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The Hartree-Fock case

+ The n-electronic wave function y in the case of

Hartree-Fock (HF)/approxima’rion: \

o) o). ¢,1)
Ve (L2,..n) =det| 4(2) ¢,(2)... ¢,(2)

(1) ¢(n)... ¢,(n),

* Home work (3 points bonusl ). Prove:
IOHF X, V52 Zn ‘¢‘
° :9‘ h;is the OCCUPGTIOH nutmber” (h;=0,1,2)
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The energy functional =
density functional (W. Kohn)

e PErEnlef

* n; is the “generalized occupahon nhumber”
(n Oor1l). ;- natural Of‘blTC(lSJ 1,..

° Kohn Sham : E=E[¥]=JY*HYdV =E[p]=?

* HF: EFF[]=Tp+*Vye[p1+(Vc[pI+Vexlp])

* DFT: ElpJ=TlpI#Vielp I+ (Vclp]+Vexlp1#V o [p])
single-electron theory including correlation!
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MO-LCAQO approximation

+ In the formula: pHF(X»%Z)=Z”j 9, (x.3.2)|

p is found as the sum the probability-density
functions of all MOs ¢,

- The MOLCAO approxnma’rnon
ZCSJZ =C X TC X, T T CL X,

Thus p = Zn X ZZZ” CoCylli Xy = ZZDFSZ X

r=1 s=1 j=I r=1 s=1

wher'e m is the number of MOs;
and 6 — is the number of AOs




Density Matrix

m
sk
D, = Z”jcrjcsj

j=1
+ C.; — the contribution of r-AO to j-MO

* The probability density associated with
one electronin ¢, is | ¢, |?

Normalization condition:
j| 3 |2de =1= cfj +022]. +...+c§j +Z2crjcstrS

where the Ss are overlap integrals:

~@9‘ S, = || x,2.av,av,
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Mulliken population analysis
[lg,Fav, =1=c} +c, +..4 ¢+ 2¢,0

r<s

S] rs

An electron in the MO ¢;contributes :
¢ N.=n;c.* to the net population in AO x,,
¢ N.g; =2NiC.iC4; S to The overlap population of x,.and ..
Mulliken proposed a method that apportions
the electrons of an #-electron molecule into :
1. Net populations 7, in the AOs;

2. Overlap populations 7, . for all pairs of AOs.
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Mulliken characteristics

The sum of all the net and overlap populations
equals the total number of electrons in the

mOIQCUIe:an +ZZnH =n= jpdV = an”@‘de

r>s s

r : J
Gross atomic (A) population : nA=an+§ > don,
A (r>s)ed seA

Mulliken charge of atom A : Z,=en,

Mulliken’s matrix (M..=n.and M_.=n._.) could be
divided according to atomic indexes A, B, ...

Then number of blocks in the A-B part of the
matrix M defines bond order

XA=D between atoms A and B
| NOTE: My =D.*S
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Bonding Mulliken population
analysis example : C5H,

C=C bonding. There are two 1 orbitals composed of t
2p, and two Zp, atomic orbitals of the two C atoms an
o bond composed of the Is, 2Zsand 2p, orbitals.

The Gaussian output. Density matrix D.. (C1-C2 part)
C2\Cl1 15 25 2P 2Py 2Py
1S 0.04570 -0.12510 0.14378 0.00000 0.00000
25 -0.12510 0.24810 -0.28900 0.00000 0.00000
2P, -0.14378 0.28900 -0.30554 0.00000 0.00000
2Py 0.00000 0.00000 0.00000 0.75822 0.00000
2P, 0.00000 0.00000 0.00000 0.00000 0.75822
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