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Acrylic aldehyde

File of Result Data = Acrylic aldehyde

Number of Pi-orbitals = 4

Number of Electrons = 4

Lower Triangle of Huckel Secular Equation
1 2 3 4

1:0.00

2:1.00 0.00

3:0.00 1.00 0.00

4:0.00 0.00 1.00 1.00

Orbital Energies and Molecular Orbitals

1 2 3 4
-X 1.87939 1.00000 -0.34730 -1.53209
Occp 2.00 2.00 0.00 0.00
1 0.22801 0.57735 0.65654  0.42853
2 042853 0.57735 -0.22801 -0.65654
3 057735 0.00000 -0.57735 0.57735
4 0.65654 -0.57735 0.42853 -0.22801
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( 5.75877) x beta
Resonance Energy

1.529

=( 1.75877) x beta

MIILT-C=CH#&2
B &b L=HIET
FILF—TH5. Ml

Electron Population on atom
atom Population

1 0.77065 5 D
2  1.03393 ILT-C=C#E& <&
3  0.66667 C=OfEB DM ELLE
4  1.52875 FHRE,
Bond-Order Matrix
2-1 0.86209 3-1 0.26329 3-2 0.49482
4-1 -0.36727 4-2 -0.10398 4-3 0.75811
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Electron configuration based on Hiickel's
mathematical treatment of acrolein

With acrolein as example. Hiickel's method to calculate molecular orbitals and the results are explained.
(chapter based on a work by Dr. Horst Bdgel).

First. we build a secular determinant which describes the structure of acrolein. The atomic parameter are
found within the diagonal, for a carbon atom. X is inserted, for heteroatoms X the sum x+hy. The value 1

is inserted for C-C bonds. a value k¢ 5 for C-X bonds. For the majority of cases, the needed values for by,
and k- - can be taken from the table below.

The acrolein maolecule (CH, =CH - CH=0) | X ” hy | | C-X | kex |
- F 2.84 CF 0.68 |
¥ Cl 145 c-Cl 057 |
| Br [ 116 ][ cBr | 038 |
] [ o7 [ c1r | o010 |
2 *‘h )’ 0 [ 206 ] co | 131 |
~ el o -0-CHj 196 c=0 193 |
0 1.18 C-N: 130 |
! N 147 C=N. 106 |
| | N 0.83 C-CH, 018 |
2 ? CH; 0.88 N-O 195 |
from: G. DERFLINGEE, H. LISCHEA: Mh. Chemue 100 (1969) 1003

http://www.pci.tu-bs.de/aggericke/PC4e/Kap_IlI/Hueckel Acrolein.html

X 1.0 00 00

Acrolein's secular 10 x 10 00
determinant is 00 10 x 103

00 00 193 x+118

Transformation of this determinant yields an equation of the fourth degree:
4 ;'} e s ? T TAVE =
X'+ 1182 -5.725x"-236x+3.725=0

The zeros of this equafion or, respectively, the eigenvalues of the determinant are
x; =-2.7654 Xy =-1.0207 x3 = 0.6880 xy=19182

The four eigenvalues and the following equation yields the energy levels of the molecular orbitals

E; = a-xp




These levels are shown in the diagram here. Empiric values are a=-11 el and — a-19188
p=-2.5 el”. i
-3

The total energy of the molecule equals the sum of the electrons’ energies in the |&
respective molecular orbitals. The total energy of the m-electrons is | — e -0.688 il

E = E,l=1b1E1 o e e

where b, represents the occupancy of orbitals with the values 0 (empty). 1 and 2
Ha+10216

(pair of electrons).

L oasomss

For the acrolein molecule in the ground state. the total energy of the four n-electrons 1s

E = 2{u+2.76548)+2(0+1.02078) = 4a+7 57228 = -25.0695 eV

Eigenvectors

To any solution % there is an eigenvector c; which is calculated as follows: The obtained molecular orbifals are depicted below:

B,

Ypy (psEdpg)cp = 0 M
MO ¥, < W :
If there is a bond R-S. v e T 1320
then hR,S =|3R5, otherwise hRS =0 .

and upe = 1 for R=S, otherwise p¢ = 0. H

The following table contamns the results:

MO1 | MO2 MO3 || MO4 5
HOMO || LUMO MO ;" (HOMO)

|eigenvalue | 27654 |-1.0207 [0.6830 [[19182 |

atom 1 0.0019 | -0.6593 | -0.6990 | -0.2613

atom 2 || 0.2542 ||-0.6730 ||0.4800 |[|0.5012 N

atom 3 0.6111 ||-0.0276 | 0.3682 | -0.7002 || MO ¥, (LUMO)

atom 4 |[ 0.7439 | 03341 | -0.3804 ||0.4362

2
MO ¥,




p-Matrix

Bond order, atomic charge, m-electron density 1 2 3

The following electron configuration represents the ground state of the molecle:

0.8863

OCCUPANCY: TI: ‘P:: TE,D ‘PJ'J

09342 || 10351

The formula

Gp = Ppr = 2;PiGR°  and Pps = 2B Cp Cig

0.0

0.0 0.0

HERE

allow to establish a p-matrix that, in turn, serves to construct a molecule diagram.

The values within diagonal of the matrix indicate the electron density near the respective atoms. Sl
: &y (Pre) P NABRRIEFEE

Example: density of electrons near carbon atom C(z)
EXMABERIIEERY
Prg =2 * (0.2542)7 + 2 % (0.6730)% + 0 * (0.4809) + 0 * (0.5012)* = 1.0351
The formal charge of any atom 1s: Qg =N

R “Prr-

Besides the diagonal of the matrix, the bond order appears.

o

Example: bond order for the n-bond C=0 between carbon and oxygen

Ppg =2 *(0.6111 * 0.7439) + 2 * (0.0276 * -0.3341) + 0 * (0.3682 * -0.3804) + 0 * (-0.7002 * 0.4362) =
0.8909
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