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This paper reports the optimized geometrical parameters of the stationary point for 2,3-
bis(furan-2-yl)pyrazino[2,3-f][1,10]phenanthroline. The calculations are performed using the
density functional theory (DFT) method at the B3LYP/ LanL2DZ level. Bond lengths and
bond angles are determined for the compound and the amount of bond hybridization is calcu-
lated according to the natural bond orbital theory (NBO). The energy of frontier orbitals
(HOMO and LUMO) are computed. In addition, the calculated data are accurately compared
with the experimental results. This comparison shows that our theoretical data are in reaso-
nable agreement with the experimental values.
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INTRODUCTION

2,3-Di(furan-2-yl)pyrazino[2,3-f][1,10]phenanthroline C,,H;,N4O; has a rigid structure and fluo-
rescence properties. Due to these features it has been extensively used as a ligand in both analytical
and preparative coordination chemistry. Single crystals were obtained by recrystallization from the
mixture of methanol and dichloromethane at room temperature [ 1, 2 .

1,10-Phenanthroline or o-phenanthrolin (phen) as one of the starting materials for the synthesis of
the mentioned compound is a tricyclic aromatic hydrocarbon composed of three fused benzene rings
having five resonance structures (isomeric with anthracene). This white crystalline powder soluble in
organic solvents is the parent of an important class of chelating agents and is used as a versatile ligand
in coordination chemistry. In terms of its coordination properties, phen is similar to 2,2'-bipyridine
(bipy). Phen has a rigid structure imposed by the central ring, which means that two nitrogen atoms
are always held in juxtaposition, whereas in bipy free rotation about the linking bond allows the two
nitrogen atoms to separate, in particular, under basic or strongly acidic conditions. These phen advan-
tages mean that complexes with metal ions can form more rapidly [ 3, 4 ].

1,10-Phenanthroline is an inhibitor of metallopeptidases, with one of the first observed instances
reported in carboxypeptidase and used as an oxidation-reduction indicator to determine iron due to
characteristic color changes (turning faint blue when oxidized). Cholinergic agent, cholinesterase in-
hibitor, intercalating agent, cross-linking reagent, neurotransmitter agent, starting material to prepare
dyes and drugs are the other usages of this compound. It is used in metallocene industry for some appli-
cations such as catalysts for the oxidative organic synthesis, disease diagnosis and treatment, water
treatment, photolysis chemistry and microbiology [ 5 |. These varied properties and applications of phen
motivated us to investigate the structures and properties of the titled compound that includes phen.
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Fig. 1. Name and molecular structure Fig. 2. Optimized structure of the titled compound (ball and
of the titled compound stick model) at the BALYP/LANL2DZ level of theory

In the present paper we report the results of the geometrical optimization at the DFT (B3LYP)
level employing the LanL.2DZ basis sets, using the Gaussian 09 program. The theoretical data are
compared with experimental values. The natural bond orbital analysis is performed in this work. These
studies allow us to know about the type of orbitals and the percentage of the s- and p-type character.
The energies of HOMO and LUMO are calculated [ 6 ].

METHODS

B3LYP, a version of the DFT method with the use of Becke's three-parameter hybrid method
with the Lee, Yang, and Parr (B3LYP) gradient corrected correlation functional and the LanL2 effec-
tive core potential with the DZ valence basis set, was used in this paper to carry out theoretical calcu-
lations. Then, the geometry optimization was carried out at the B3LYP/LanL2DZ level. The natural
bond orbital analysis has also been performed at the B3LYP/LanL.2DZ level. The energies of the fron-
tier orbitals (HOMO and LUMO) are determined. All computations are carried out using the Gaussian
09 program [ 7—12].

RESULTS AND DISCUSSION

Molecular properties. The chemical and optimized structures of the compound are presented in
Figs. 1 and 2 respectively. Molecular parameters can be extracted from the optimized structure of the
compound. Molecular parameters can provide a useful representation of the molecular structure.
Therefore, we extracted bond lengths and bond angles of the computed compound. The calculated data
and experimental values of some selected bond distances and angles are reported in Table 1.

The results of the calculation at the B3LYP/ LANL2DZ level show that the calculated C,—Nj,
C4—Nj3, C;—Ng, and Cs—Ng bond distances are the same, indicating the pyrazine ring conjugation.
This value is 1.348 A. Experimental C,—N3, Cs—Ng4, C4—Nj3, and Cs—Ng bond distances are 1.331 A
and 1.349 A respectively. The calculated N;—C4—C;, Cs—C;—C;, Cs—C7—0,;, C;—Cs—C,, and
C,—C,—Ng bond angles are 113.34°, 124.67°, 110.08°, 106.64°, and 121.87° respectively. Experi-
mental bond angles are 114.81°, 124.31°, 110.11°, 106.52°, and 121.21° respectively. The average
differences between the calculated data and the experimental values for bond lengths and bond angles
are 0.009 A and 0.53°. This comparison shows that our theoretical data are in good agreement with the
experimental results.

Table 1
Optimized geometrical parameters of the compound (bond distances in A, angles in deg.)
Parameter | Calculated data | Experimental value Parameter Calculated data | Experimental value
C;—Ng 1.348 1.349 C,—C1—Ng 121.87 121.21
C,—N; 1.348 1.349 N;—C4—C5 113.34 114.81
C,—N; 1.348 1.331 Cs—C4—C4 124.67 124.31
C4—Cs 1.419 1.429 C;—Cs—Ng 121.87 120.91
C,—C, 1.722 1.463 Ci—Ng—=Cs 116.24 117.71
Cs—Ng 1.348 1.331 C4—C—0y, 100.70 117.81
C,—Oq; 1.395 1.371 Csq—C—O0y; 110.08 110.11
Cg—Cy 1.448 1.421 C—Cs—Cy 106.64 106.52
Ci—On 1.395 1.368 Cq, 041, Cyp 106.56 105.91
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Fig. 3. Atomic orbital of the frontier molecular orbital at the
B3LYP/LanL2DZ level. (4) is the HOMO and (B) is the LUMO

Frontier molecular orbitals (FMOs). A powerful practical
model for describing the chemical reactivity is the frontier molecu-
lar orbital (FMO) theory. The important aspect of the frontier elec-
tron theory is the focus on the highest occupied and lowest unoccu- e
pied molecular orbitals (HOMO and LUMO). For example, instead
of thinking about the total electron density in a nucleophile, we Ey yvo = —0.09945 au
should think about the localization of the HOMO because electrons
from this orbital are most free to participate in the reaction. Simi-
larly, the frontier orbital theory predicts that a site where the
LUMO is localized is a good electrophilic site.

A quantum chemical parameter which is often associated with
the electron donating ability of the molecule is Epomo. A high
Enomo value indicates a tendency of the molecule to donate elec-
trons to the appropriate acceptor molecule with a low molecular
orbital energy [ 13 ]. Therefore, the LUMO energy E1ymo indicates
the ability of the molecule to accept electrons. These two energy
types are calculated at the LanL.2DZ level. The energy difference
between the HOMO and LUMO is termed the HOMO—LUMO
gap. Fig. 3 demonstrates these energies and 3D plots of HOMO and LUMO for the compound.

Natural bond orbital (NBO) analysis. The NBO analysis is based on the optimal transformation
of a given wave function to the localized form corresponding to the one-center ("lone pairs”) and two-
center ("bonds”) elements of the chemist's Lewis structure.

The results of the NBO analysis have provided new insights into the Lewis structure, charge,
bond order, bond type, hybridization, resonance, donor-acceptor interaction, etc. This is carried out by
considering all possible interactions between the filled donor and empty acceptor NBOs and estima-
ting their energy importance by second order perturbation theory.

The NBO analysis involving the hybridization of the selected bonds is performed at the
B3LYP/LANL2DZ level and its results are summarized in Table 2.

The NBO calculated hybridization for 2,3-bis(furan-2-yl)pyrazino[2,3-f][1,10]phenanthroline de-
monstrates that the total hybridization of the molecule is SP*, which is confirmed by the structural data.

AE =0.10643 au

Epomo = —020588 au

CONCLUSIONS

In this work, the structure of the compound has been calculated and optimized by the DFT based
method at BALYP/LANL2DZ levels of theory, using the Gaussian 09 package of programs.

In this paper, some selected bond lengths and bond angles of the compound are obtained.

The comparison between the theory and the experiment is made. We thank the Research Council
of Imam Khoemieni International University for supporting this work.

Table 2
NBO Calculated Hybridizations for the compound

Bond Hybrid Bond Hybrid Bond Hybrid Bond Hybrid

C—C, | ™, 9" | e | 9% 592 | CoCie | ™™ 59" || Co—Cai | sp ™, 5p?2
CN, | 59, sp' | ey | ™, 59" | Cie—Ouo | 5% 592 || CorNog | 5%, 5p'®
CrNs | 92 0 | cecy | 592 2% | Crecyy | s 2 CorCos | sp'®, sp'®
Co—N; [ sp™', sp'® | Co—Cyo | sp"”, sp'* | C—Cis | "%, p™ | Cos—Co | sp
CCs | 59", sp' | Co—0yy | 592, 552 | Coe—Ouo | 592 592 || CorCos | ™2 5p'¥

Cs—Ng | sp™®, sp" Cr—Ou | sp**, p™®
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