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Abstract- Representative atomic and molecular systems, including various inorganic and organic molecules with covalent and ionic bonds, have been studied by
using density functional theory. The calculations were done with the commonly used exchange-correlation functional B3LYP followed by a comprehensive analysis of
the calculated highest-occupied and lowest-unoccupied Kohn-Sham orbital (HOMO and LUMO) energies. DFT calculations of vibration spectra of many organic
systems [1, 2], Density Functional Theory (DFT) calculations have been performed to support our wave number assignments. The theoretically predicted IR is well in

agreement with that of experimental spectral data.

1. Introduction

The global properties may explain the reactivity and selectivity. One of these global quantities is hardness g. The relation of the hardness with the HOMO-
LUMO gap is physically clear. It is obvious that the more stable structure has the largest HOMO-LUMO energy gap. Therefore, an electronic system with a larger
HOMO-LUMO gap should be less reactive than one having a smaller gap. It is the base of the maximum hardness principle. Another global property is the electric
dipole polarizability.

Hardness measures the stability and polarizability measures the reactivity [8-9]. The minimum polarizability principle (MPP) [15] has been postulated which

expected that ‘the natural direction of evolution of any system is towards a state of minimum polarizability’. Molecular properties such as dipole polarizabilities have

been studied in thiophene monomers and polythiophenes by many methods .

2. Methods
2.1 Computational method The ionization potential is calculated
in present work as the energy difference between the energy of the
molecule derived from electron-transfer (radical caption) and the
respective neutral molecule [2, 3, 4, 5, and 6]:
IP = Ecgtion—En = (2.1)

The EA was computed as the energy difference between the
neutral molecule and the anion molecule:

EA = En— Egnign v (2.2)

The HOMO and LUMO energy was also used to estimate the IP

and EA in the framework of Koopmans’ theorem [6, 7, 8, 9, and

10
19 ~iomo (2.3)
EA = —2 540 (2.4)

2.2 Chemical potential , chemical hardness and softness

Within the framework of the density functional theory (DFT) ,
one of the global quantities is chemical potential (i), which
measures the escaping tendency of an electronic cloud . It is a
constant, through all space, for the ground state of an atom,
molecule or solid , and equals the slope of the energy versus N

(number of electrons) curve at external potential v(r) [9,6,10,11]:
K= [GE/ENT(™ (71w [2.5)

Finite difference apgroximation to Chemical Potential gives,

K& —y = —((IP + EA))/2.. (2.6)

Where Y is electro negativity, the electro negativity is a measure of

the tendency to attract electrons by an atom in a chemical bond

and defined as the negative of the chemical potential in DFT [7,18]
The chemical hardness is a measure of the resistance to charge

transfer. The theoretical definition of chemical hardness has been

provided by the density functional theory as the second derivative

of electro ith es rect to the number-of electrons N, fgr
Hcons%:tl ex’tEL51 f?”gten alg(r é'l(}’ﬁﬁén §-,.r] v wn [ 227)

Finite difference approx1mat10r1 to Chemical hardness gives,
n =(IP —EA)/2 (2.8)

The chemical hardness of a given system is , as can be seen by
equation (3.13) , a resistance of the chemical potential to change in
its number of electrons . For insulator and semiconductor
hardness is half of the energy gap.

The global chemical softness, S, is a property of molecules that
measures the extent of chemical reactivity.It is the inverse of the
chemical hardness n [12,13,14]:

=1/2n
—[[aﬂsz FBES 29"V (r)) = (@N/8)_CV (1)) (2.9)

2.3 Electrophilic Index

Electrophilicity is a measure of energy lowering due to maximal
electron flow between donor and acceptor. Electrophilicity (o) is
defmecjih asgl3 ,15,16, 17]:
w= K
3. Calculation Method

Geometries of all of the molecules considered in this study were
fully optimized by using gradient corrected DFT with Becke’s
three-parameter hybrid exchange functional and the Lee -Yang-
Parr correlation functional (B3LYP!'lwe also performed single
point energy calculations on the neutral systems using basis sets ,
Semi empirical methods Pm6, Hartree Fock with basis set 6-311G*,
and density functional theory the B3LYP with a larger basis set , 6-
311G¥, 6-311G*, aug-cc-pVDZ , aug-cc-pVTZ,aug-cc-pVQZ, SDD
4. Results and Discussion

Basis Set Dependence of the DFT Results . Before exploring any

correlation of the DFT HOMO /LUMO energies with molecular
properties , we need to understand the basis set dependence of the
HOMO/LUMO energies . Previous DFT calculations15 tested a
series of correlation-consistent basis sets , starting from the 6-
311G*, 6-311G*,aug-cc-pVDZ,aug-cc-pVTZ, aug - cc - pVQZ ,
SDD to obtain HOMO and LUMO energies for developing
correlations with molecular properties .
We note that in the previous study,4 quite small molecules were
used and there was no issue in terms of the computational
resources needed, whereas we are interested in developing
correlations for much larger molecular systems where a smaller
basis set is needed in order to perform efficient computations.

The calculated results are collected in Tables together with
available experimental data. Note that the calculated vertical IP
and EA values listed in the tables] and 2 were determined from
the total energy calculations on the neutral systems.
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Table (1): Experimental and Calculated Ionization Potential (IP)
for molecules
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Table (2): Calculated energy lumo invertion for molecules

Flectron affinities (14)
molecules | seml HF Density functional theory / BALYP
oo | oo | 490 | 7 | 6 | S | o0
0, 02506 | arse | TS| 08088 | 07377 | 05804 | 04103
H:0 4062 | apsar | 18697 | 13396 | 06514 | 02734 | L6364
0y 17603 | 04456 | 51976 5403 | 53949 6.0989
HS DAsE | -35M1 ) pasyy 0.621 06063 | 06104 | 0813

Table (3): Calculated energy gap for molecules

ERETEY gap

|woleclessemi | EF | Densty uecionalteary/BOLYP
mé | s | | g | pm | g |

0 | s ZBYOTSTI | 109006 | LLOSM | 95T | 94209
BO | ol oms | US| G167 | SIS | S99 | 9808
O | am| e | 4R | am 475
BS | BN OWMB s | ogew | 7S5 | 672 | THD
Table (4): Calculated chemical potential for molecules
chemieal patential | )
lecules |semi HF Density functional theory /| BILYP
TR EL- e PEL 5
pob | sarie| B | v | vm I KA [ 0D |mirees
co: | oams | amm | asw | gsms | MEEERE gl o
B0 41074 | 4084 | -LeSM | IMEIS | 406 | 40791 | A6
0y I-ﬁ.&! 4763 | TM45 | 15068 | TAS055 [ 75065
H:5 449185 | 346535 | 15269 105445 | 396585 | 19665 U;IW

Table (5): CalculatedChemical hardness for molecules

Chemical hardness (1)
molecules[semi | HF | Deusity functional theory | BALYP
pmé | sang: | BT i!\g;: ﬁgﬁ ﬁg& SO0 | refrence]
CO, |6AN4 (WSS | SN | LS [Sa1 4936|4965 | o
HO |S1594 |S34765 | 44630 | 458485 |47507 |4455 | aso
0 48827 | 66174 | 204685 | 20763 208565 174875
HS 404865 707133 37813 33745 [335915 |33%61 | 396%

728

Table (6): Calculated softness for molecules

softmess ()
molecules | semi HF | Density functional theory / BILYP
s | saner| %WZ 9&”“& m $DD
CO; [ 0.075513) 0.047548 | 0.000437| 0.091738 |0.090233 | 0.001243 | 0.100796
B0 {0061055| 0.036312 |0.112027 | 009035 |0.005248 | 0.112246 | 0.001991
O [0.102402] 0075558 | 0.244278 | 0.4079 | 0.239733 0.283919
HS [0.101038) 007133 | 013223 [ 0.149815 | 0.148843 | 0148982 | 01232446

Table (7): ElectrophilicityCalculated for molecules

Electrophilicity (@)
molecules [ semj ity Deasity functional theory! B3LYP
o | ampe | awpe | e
pmé | saner| 2 | ooy | vz | gz | S°
€O, | 2064842 | 0854887 | 2000921 190046 | 2.082005 | 2093871 | 2907510
HO | L0809 | 1252079 | 152078 | L1852 | L742817 | L960363 | LO74628
Oy | 451896 | 3459901 | 12800 | 13569 | 1341515 17.60847
HS | 1039516 | 085638 | 1644808 | 20475 | 134064 | 2343950 | 1252446
Conclusions

Energy gap and hardness presented an assistance to predict
reactive molecules.

The ,Semi empirical methods Pmé6, HartreeFockpresented good
results in calculation oftotal energy

he ionization potentialand electron affinity of a molecules
calculated by using energy-vertical method werefound in a good
agreement with experimental results and better than those
calculated by using KT/DFT and KT/AMI, thus Koopman's
theorem was not satisfied accurately.
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