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Abstract
The present work shows a computational study of a host-guest interaction between the ligands: Compounds I (2,9-di(2-methyl-
amino-ethyleneamine)-1,10-phenanthroline), Compound II (2,9-di (3 -methylamino-propylamine)-1,10-phenanthroline.) and the 
metal ions Cu (II) and Zn (II). With the help of a software (Hiperchem 8) Compounds I, II were drawn, the optimal geometries 
were obtained, and a semi-empirical method (Polak Ribiere) was applied. Total Energies of Compounds I, II and binding energies 
were obtained.
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1. Introduction
In a compound, the attractive force between atoms is called a 
chemical bond and they are classified depending on their nature, 
they can give up or share electrons. But there are other types of 
forces that make use of intermolecular interactions (Van der Waals 
force, hydrogen bonds, π interactions, ion+-π interactions) these 
forces are responsible for molecular recognition that gives rise to 
another field of chemistry called supramolecular [1]. The con-
cept of supramolecular chemistry was introduced in 1978 by Lehn 
where chemical species remain organized through non-covalent 
interactions, its field of action was extended to the identification of 
molecular recognition and the study of intermolecular interactions 
with the participation of organic and inorganic species [2],[3].In 
this way the chemistry of molecular recognition became the es-
sential part of “host-guest” chemistry[4]. Supramolecular species 
are characterized by the spatial arrangement of their components, 
architecture and by the nature of intermolecular bonds, which vary 
in strength, direction and angles to obtain interactions in various 
positions, there must be characteristics in terms of their shape, size, 
interaction sites, bond strength and affinity [5]. These interactions 
provide the specificity and stability of the host-guest association. 

In general, macrocyclic structures meet these requirements, they 
are suitable for the construction of molecules that contain the cavi-
ties or cracks that provide the appropriate structure for the arrange-

ment of binding sites, reactive groups and binding species. Among 
the best-known macrocyclic receptors, we have the coronandos, 
sferandos, clatrochelates, Similarly, scientists have incorporated 
aromatic units into polyamine molecules capable of generating 
enough space to incorporate metal ions and preserve their coor-
dinating properties, eg 1,10-phenanthroline. This rigid unit pro-
vides aromatic nitrogen’s, directed in such a way that they act co-
operatively in bonding with a metal ion; providing photophysical 
and photochemical characteristics to the compounds. Hence, a 
computational theoretical study was made with similar chemical 
structures such as Compounds I (2,9-di(2-methylamino-ethylen-
eamine)-1,10-phenanthroline) and II (2,9-di (3-methylamino-pro-
pylamine)-1,10-phenanthroline.), simulating its interaction with 
the metal ions Cu (II) and Zn (II) [10]. With the help of a software 
in computational chemistry that is based on laws of classical and 
quantum physics where complex equations such as Schrodinger's 
are solved [10]. The computer programs contain a basic set of 
tools such as Structure Optimization, Ab initio, Density Function-
al Method, Semiempirical methods allowing a practical solution to 
this equation and moderating different types of molecular interac-
tion such as the one proposed [11].

2. Methodology
With the help of software (Hiperchem 8) Compounds I and II were 
drawn
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Figure: Compounds I (2,9-di(2-methylamino-ethylenamine)-1,10-phenanthroline), Compound II (2,9-di(3-methylamino-propylamine)-
1,10-phenanthroline.) [13].

and obtained the optimal geometries. A log was generated and a 
semi-empirical method was applied to obtain the value of the to-
tal energy of each compound, this was the starting point for the 
host-guest interactions. The metal ion (Cu (II) and/or Zn (II)) that 
was bonded to the 2 nitrogen’s of the heteroaromatic group was 
drawn, a new log was generated applying a semi-empirical meth-
od, Polak Ribiere, PM3. We want to know the optimal geometries 
and energies all generated from the interaction of each binding site 

(nitrogen’s) with the metal ion, so it was necessary to repeat the 
calculation described, but interacting with 3, 4, 5 and 6 nitrogen’s 
belonging to the chain’s polyamines.

3. Results
The Table 1 is the list of the total energies obtained in the calcu-
lation for Compound I and II when coordinating with Cu (II). For 
its part, Table 2 contains the total energies of Compound I and II.

Compound I Total energy (Kcal/mol) Compound II Total energy (Kcal/mol) Link Nitrogens
-86634.11 -93531.24 Initial state
-113999.3 -120897.18 two
-114057.7 -120918.27 3
-114058.62 -120971.15 4
-114097.27 -120991.31 5
-114070.1 -120993.7 6

Table 1: Total Energy of Compound I and II (Cu (II)).

Compound I Total energy (Kcal/mol) Compound II Total energy (Kcal/mol) Link Nitrogens
-86634.11 -93531.24 Initial state
-87312.66 -94202.42 two
-87341.1 -94204.22 3
-87658.04 -94262.77 4
-87353.28 -94257.9 5
-87368.02 -94263.61 6

Table 2: Total Energy of Compound I and II (Zn (II)).

Figures 2-6 represent Compounds I and 2 in 3D after having carried out the empirical, semi-empirical methods, optimal geometries with 
the help of the Hiperchem 8 program.
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Figure 2: Compound I and II molecule optimized in Hiperchem 8 and photographed in Mercury 2.

Figure 3: Compound I bound to Cu (II) as a host-guest system. Interaction optimized in Hiperchem 8 and imaged in Mercury 2.

Figure 4: Compound II bound to Cu (II), optimized in Hiperchem 8 and photographed in Mercury.
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Figure 5: Compound I ligand with Zn (II). The molecule was optimized on Hiperchem 8 and imaged on Mercury.

Figure 6: Compound II bound to Zn (II). The molecule was optimized in Hiperchem 8 and photographed in Mercury.

4. Discussion of The Results
the data obtained from the interactions suggest that Compound 
I with Cu (II) its most stable state is with 5 of 6 nitrogens and 
Compound II is more stable with 6 nitrogens. Regarding the in-
teractions with Zn (II), Compound I showed low energy or was 
more stable with 4 nitrogens. For its part, Compound II has 2 sta-
ble forms with 4 and 6 of its nitrogens.
 This exercise shows how the use of the computer is a powerful 
tool for design, allowing us to model complex systems and save 
resources in the experimental part.
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