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Electronic Characteristics of
molecules

 Electron Densities Distribution,
» Atomic Charges,

* Dipole Moments,

* Quadrupole moments,
 Polarizabilities,

» Hyperpolarizabillities,



Chemist would like to consider a
molecule as a collection of atoms

Classical Chemistry:
Molecules = atoms + Chemical bonds

Quantum Chemistry:
Molecules = nucleus + electrons

No Atoms inh molecules |



The wave function and electron density




ATOM In molecule
H¥Y,(1..N)=E¥,(1...N)
Y, =%Y,(1...N)
P.(N) =—¥, ¥,
Pe = —j ¥, ¥, dr,dr,..dt, ROM-L
Pa = jpedV At the border of V: P = 0
Va

A
VA — gTCri

Atomic charge: Q, =Z, —Pa



Electron Densities In n-electron theory

0 %, (M, (T)dr=0
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Electron densities in ab initio approaches

(Mulliken) A——B
X, (M), (r)dr 20 ()
|2, (M), (ydr 0
XA XB

(|)> = Caqi) |XA> *Cg |XB>

< D, |(|) > A(|) +CZB(i)SBB +2C’A(i)CB(i)SAB =1
Z<¢| |(|)|> =

SAA:<XA‘XA>:1 SBB:<XB|XB>:1 SAB:<XA|XB>

)

P o ZCA(I) + CA(I)CB(I)SAB

N=P, +P,
Pe _ZCB(o Cai)Caiy®



Atomic populations according
to Mulliken

Electron density at atom

P _Zpa_l_ Zprs s

acA reA s¢A

Pag = Zzpabsab - Bond order

acA beB

Wyg =D > (PuSw) - Wiberg Indices

acA acA

(1896-1986)
(Nobel prize 1966)



Mulliken charges too sensitive to basis
set choice

Hartree-Fock O(H,0O)

3-21G -0.74
6-31G(d,p) -0.67
6-311G(2d,2p) -0.52
cc-pvVDZ -0.26
cc-pvVTZz -0.48
cc-pvVQZ -0.51

aug-cc-pvDzZz -0.26
aug-cc-pvTz -0.41



Electron Densities by P.- O. Lowdin

Orthogonalization by P.- O. Lowdin

Sab:<XaXb>¢O S_Uz_)<5éa‘5éb>:6ab
Water, 6-311+G(2d,p)

By Mulliken By Lowdin

p(O) 8.5941 8.3908
o(H) 0.7029 0.8062
charge O -0.5941 -0.3908

charge H +0.2971 +0.1970
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Hydrogen bond in FH....H,O complex

—H 0 HxD‘MH.____._._.__._._.____._ _H

Atomic charges HF / 6-311+G(2d,p)

By Mulliken By Lowdin
F -0.3575 -0.2319
H +0.3575 0.2319
O -0.5941 -0.3909 ey
H +0.2971 +0.194 g\
H

+0.2971 +0.194

11



Bader’s Theory
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Bader’s Theory
p(r) — Vp(r) — Vp(r)-n(r)=0

FQ'v;" g |
\ A I

Richard F. W. Bader
(1931-2012)
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Bader's Atoms in Molecules Analysis
(see R.F. Bader, Chem. Rev. 91, pp. 893-928, {1991})

Topology of electron density used to define atomic "hasins” and bonds.

Atomic boundaries
defined by inflection
points in p{r).

Bonds defined
by density
maxima.

{Ethflene HF/6-31G* wavefunction)

14



KpuTtnyHi Toukn (KT) enekTpoHHOI ryCTUHM
Ta IX XapaKktepw

JlokaJtizauis
IHapamerp Xapakrepu KT KT
KT

(3,-3) JlokampHUIT MaKCUMYM, STIPO
(Nuclear Attractor, NA)

(3,-1) MiHiMyM Ha JIiHi1 3B’ SI3KY, 3B’ 130K
(Bond Critical Point, BCP)

(3,+1) MiHIMyM B «LIEHTP1» IIUKIY, 100509)
(Ring Critical Point, RCP)

(3,+3) MiHIMyM B «IICHTP1» KJIITUHH, KJIITHUHA

(Cage Critical Point, CCP) (KackaJI UKJIIiB)
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Intramolecular Hydrogen Bond

H>
Ho 3 C
HC{CZ:\N/ o H‘ﬁ{ Z\THZ
(|)| -------- IL O\‘\H/N\gHs
& Atomic Charges B
dldllihen - Eeeln 2L Mulliken ~ Lowdin  Bader
cl 0324 0.105 1233 c1 0.331 0.114 1.213
C2 0201 -0218  0.506 ¢z 0429 0319 0043
€3  -0290  -0.335 0.540 ¢3  -0.288 -0.335 0.526
N  -0693  -0404  -1.280 N -0.708 -0416  -1.274
O  -0476  -0271  -1.329 O -0.487 -0.286 -1.340
H 0367 0.278 0.402 H 0.366 0.272 0.392
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Packages distributed free of charge

AIM2000,
TopMoD,
InteGriTy,

Extreme 94 & MORPHY,
AIMALL
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Molecular Orbitals Localization

Unitary Transformation

cosd sind
- = —sin@ cosd
Edmiston-Ruedenberg Pipek-Mezey
max (ii| L |ii ) min(i|N|i)
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