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The title compound (1) 4-(1-benzyl-5-methyl-1H-1,2,3-triazol-4-yl)-6-phenylpyrimidin-2-amine (C20H18N6) was 
synthesized and structurally characterized by elemental analysis, 1H NMR, 13C NMR and single crystal X-ray diffraction.  
The compound crystallizes as a colourless needle shaped in the monoclinic system, space group C 2/c with cell constants:  
a = 18.6636(6) Å, b = 9.8655(4) Å, c = 19.5249(7) Å, α = γ = 90.0˚, β = 107.900(2)˚, V = 3421.0(2) Å3, Z = 8. The molecular 
conformation is stabilized by an intra-molecular C–H…N hydrogen bond, which generates an S(6) ring motif. In the crystal, 
molecules are linked into one-dimensional infinite chains along c-axis by N—H···N hydrogen bond and C—H… π interactions 
involving the benzene ring attached to the triazole ring as an acceptor. These chains are alternately connected along a-axis by 
centro-symmetrically π—π interactions [ring centroid (triazole) ring centroid (pyrimidine) distance = 3.721 (1) Å and  
ring centroid (pyrimidine)…ring centroid (benzene ring attached to pyrimidine ring) distance = 3.825 (1) Å] forming a  
two-dimensional supra molecular network. The molecular geometry was also optimized using density functional theory using 
(DFT/B3LYP) method with the 6-311G(d,p) basis set and compared with the experimental data. Mulliken population analyses 
on atomic charges and HOMO-LUMO energy levels of the title compound have been calculated. The charge energy distribution 
and site of chemical reactivity of molecules were obtained by mapping electron density iso-surface with electrostatic potential 
surfaces. The thermo dynamical properties of the title compound at different temperature have been calculated and 
corresponding relations between the properties and temperature have also been obtained. 
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1 Introduction 

1,2,3-triazoles have found a wide range  
of important applications in the pharmaceutical, 
polymer, and material fields1. In addition, they have 
shown a broad spectrum of biological properties such 
as anti-bacterial2, anti-allergic3, anti-HIV activity4  
and also serve as potential chemotherapeutic agents 
for various diseases5. On the other hand, substituted 
pyrimidine nuclei are found antiviral6, anti-tubercular, 
anti-neoplastic, anti-inflammatory, diuretic, anti-
malarial and cardiovascular7. In view of these 
bioactivities of the individual heterocycles, it was 
envisaged that the synthesis of novel hybrid 
molecules containing two of the above said moieties 
in a single frame is worth the attempt. Literature 
survey reveals that so for there is no experimental and 
theoretical study for the title compound. In recent 
years, density functional theory (DFT) has become  
an increasingly useful tool for theoretical studies.  

The success of DFT is mainly due to the fact that  
it describes small molecules more reliably than 
Hartree-Fock theory. It is also computationally less 
demanding than wave function based methods with 
inclusion of electron correlation8,9. Thus, in order  
to characterize the correlation between molecular 
structure and macroscopic properties in the  
studied compound, it seems to be essential to 
undertake a detailed comparative study of the isolated 
molecule and the solid state unit. In this paper, a 
concerted approach by X-ray crystallography and 
DFT calculation is used, which takes advantage  
of both the high interpretative power of the theoretical 
studies and the precision and reliability of the 
experimental method. 

The title compound has been synthesized and 
antibacterial activities are reported by Nagarajan 

et al.
10. 

In this paper, synthesis and crystal structure of 4-(1-
benzyl-5-methyl-1H-1,2,3-triazol-4-yl)-6-phenylpyri-
midin-2-amine (C20H18N6) is reported as well as 
theoretical studies using the DFT(B3LYP) method 
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and 6-311G(d,p) basis set. The aim of the present 
work was to describe and characterize the molecular 
structure and some electronic structure properties  
of the title compound, both experimentally and 
theoretically. Also, comparison was made between 
experimental and calculated values.  
 

2 Experimental and Computational Methods 
2.1 Synthesis of title compound 

The title compound (1) was obtained according to 
the reaction scheme in Fig. 1. A mixture of (E)-1-(1-
benzyl-5-methyl-1H-1,2,3-triazol-4-yl)-3-phenylprop-
2-en-1-one (0.2 g, 0.65 mmol), guanidine hydrochloride 
(0.18 g, 1.88 mmol) and NaOH (0.05 g, 1.25 mmol) 
in ethanol (10 mL) was refluxed for 40 min. Then,  
the reaction mixture was poured onto excess crushed 
ice and neutralized with dilute hydrochloric acid.  
The precipitated 4-(1-benzyl-5-methyl-1H-1,2,3-
triazol-4-yl)-6-phenylpyrimidin-2-amine was filtered 
and re-crystallized from ethanol10. Needle like 
colourless single crystals of the title compound  
used in X-ray diffraction studies were grown in an 
ethanolic solution by slow evaporation of the solvent 
at room temperature and collected 82% yield.  

The nuclear magnetic resonance spectra (1H NMR 
and 13C NMR) were recorded in CDCl3 and DMSO-d6 

on Bruker Advance 300 MHz spectrometer and the 
chemical shifts were reported as δ values in parts  
per million (ppm) relative to tetramethylsilane, with  
J values in Hertz. The splitting patterns in 1H NMR 
spectra are reported as: s = singlet; d = doublet;  
br s = broad singlet; br d = broad doublet; and  
m = multiplet. 13C NMR data are reported with the 
solvent peak (CDCl3= 77.0 MHz) as the internal 
standard. 

White solid: m.p. 152°C, yield 82%; IR (KBr):  
v 3411, 3192, 1677, 1552, 1462, 1355, 1181, 834, 
729, 700cm-1; 1H NMR (300 MHz, CDCl3): δ 8.12-
8.09 (2H, m, ArH), 7.98 (1H, s, =CH),  7.49-7.18 (8H, 
m, ArH), 5.56 (2H, s, C6H5-CH2), 5.07 ( 2H, brs, 
NH2), 2.62 (3H, s, CH3); 

13C NMR (75 MHz, CDCl3): 
δ 165.87, 163.14, 160.56, 142.30, 137.57, 134.51, 
134.00, 133.94, 130.48, 130.42, 129.06, 128.71, 
128.66, 128.41, 127.17, 104.50, 51.80, 9.82. MS 

(ESI): m/z (%) 343.33 (M + H); Anal. Calcd. for 
C20H18N6: C, 70.16; H, 5.30; N, 24.54 Found: C, 
70.09; H, 5.32; N, 24.50. 
 
2.2 X-ray crystallography 

A crystal of the title compound having approximate 
dimension 0.30×0.25×0.11 mm3 was mounted on a 
glass fiber using cyanoacrylate adhesive. All 
measurement were made on a Bruker AXS Kapppa 
Apex II single crystal X-ray diffractometer using 
graphite mono-chromated MoKα (λ = 0.71071 Å) 
radiation and CCD detector. Diffraction data were 
collected at room temperature by the ω-scan 
technique. Accurate unit cell parameters and 
orientation matrix were obtained by a least-squares  
fit of several high angle reflections in the ranges  
2.19° < θ < 28.96° for the title compound. The unit 
cell parameters were determined for 36 frames 
measured (0.5° phi-scan) from three different 
crystallographic zones and using the method of 
difference vectors. The intensity data were collected 
with an average four-fold redundancy per reflection 
and optimum resolution (0.75 Å). The intensity data 
collection, frames integration, Lorentz-polarization 
correction and decay correction were done using 
SAINT-NT (version 7.06a) software. Empirical 
absorption correction (multi-scan) was performed 
using SADABS11 program. The structure was solved 
by direct methods using SHELXS-97 implemented  
in WinGX12 program suit. The refinement was carried 
out by full-matrix least-square method on the 
positional and anisotropic temperature parameters  
of the non-hydrogen atoms, using SHELXL-9713.  
All the H atoms were positioned geometrically  
and constrained to ride on their parent atom with  
C—H = 0.93–0.97 Å and N—H = 0.86 Å, and with 
Uiso(H) = 1.5 Ueq for methyl H atoms and 1.2Ueq(C) 
for other H atoms. The components of the anisotropic 
displacement parameters in direction of the bond  
of C2, C3, C4 and C5 were restrained to be equal 
within an effective standard deviation of 0.001  
using the DELU command. The general purpose 
crystallography tool PLATON14, ORTEP15 and 
MERCURY16 were used for structure analysis and 
presentation of the results. 
 

2.3 Computational details 

The molecular structure of the compound in 
ground state (in vacuo) was optimized using  
density functional theory (DFT) (B3LYP)17,18 
method with the 6-311G (d, p)19 basis set. All the 

 
Fig. 1 — Synthesis of 4-(1-benzyl-5-methyl-1H-1,2,3-triazol-4-
yl)-6-phenylpyrimidin-2-amine 
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calculations were performed without specifying  
any symmetry for the title molecule by using  
Gauss View molecular visualization program20 and 
Gaussian 03 program package21. The optimized 
geometrical parameters, energy, atomic charges and 
dipole moments were calculated using Gaussian 
03W package. GaussView 03 program has been  
used to construct optimized molecular geometry, 
Mullikan charges, HOMO, LUMO energy 
distributions and HOMO-LUMO energy gap22,23. 
 

3 Results and Discussion 
 

3.1 Description of crystal structure  

The displacement ellipsoid plot and theoretical 
geometry structure with the atom-numbering scheme 
for compound (1) is shown in Fig. 2. The compound 
(1) crystallizes as a colourless needle shaped in  
the monoclinic system, space group C 2/c with  
cell constants: a = 18.6636(6) Å, b = 9.8655(4) Å,  
c = 19.5249(7) Å, α = γ = 90.0˚, β = 107.900(2) ˚,  
V = 3421.0(2) Å3, Z = 8. Details of the data collection, 
crystal parameters and refinement process of 
compound (1) are given in Table 1. 

The triazole (N1/N2/N3/C8/C9) ring is essentially 
planar [maximum deviation = 0.003(2) Å for the  
C8 atom] and forms dihedral angle of 7.21 (8)º  
with the pyrimidine ring. The phenyl ring attached  
to the pyrimidine ring is in axial position.  
The dihedral angle between the benzene rings is 

80.42 (9)º. The bond distances N3—C8, C8—C9, 
C9—N1, N1—N2 and N2—N3 are 1.365(2), 
1.382(2), 1.353(2), 1.355(2) and 1.300(2) Å, 
respectively, which agrees with C═C, N═N, C—N 
distances found in literature for compound having 
triazole heterocycles24,25. In pyrimidine ring the  
N—C bond lengths [1.339(2) — 1.357(2) Å] and 
bond angles N6–C14–N5 [116.18(1)°] are found 
close to the reported values for similar pyrimidine 
derivatives26. 

The hydrogen bond geometry for compound (1) is 
presented in Table 2. The molecular conformation is 
stabilized by an intra-molecular C10–H10B…N4 

 
 

Fig. 2 — (a) View of title compound showing the atom-
numbering scheme [displacement ellipsoids for the non-H atoms 
are drawn at the 50% probability level; H atoms are presented 
with spheres with arbitrary radii]; (b) Theoretical geometric 
structure of the title compound (B3LYP/6-311G(d,p)level) 

Table 1 — Crystal and experimental data for the compound (1) 

Empirical formula  C20H18N6 
Formula weight  342.40 
Temperature (K) 293(2)  
Wavelength (Å) 0.71073  
Crystal system  Monoclinic 
Space group  C 2/c 
Unit cell dimensions(Å, °) 
a  18.6636(6)  
b  9.8655(4)  
c  19.5249(7)  
β 107.90 (2) 
Volume (Å3) 3421.0(2)  
Z 8 
Calculated density (Mg m-3)  1.330  
Absorption coefficient (mm-1) 0.084  
F(000) 1440 
Crystal size (mm3) 0.30 x 0.25 x 0.11  
Theta range for data collection (°) 2.19 to 28.96. 
Index ranges -25<=h<=25, -13<=k<=13, 

-26<=l<=26 
Reflections collected 19529 
Independent reflections 4526 [R(int) = 0.0318] 
Completeness to theta = 25.242° 99.8 % 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4526 / 5 / 236 
Goodness-of-fit on F2 1.051 
Final R indices [I > 2σ(I)] R1 = 0.0495, wR2 = 0.1323 
R indices (all data) R1 = 0.0752, wR2 = 0.1505 
Largest diff. peak and hole (e.Å-3) 0.234 and -0.237. 

Table 2 — Hydrogen bonding geometry for the  
compound (1) (Å, °) 

D–H...A D–H d(H...A) d(D...A) <(DHA) 

N6–H6A…N2i 0.86 2.44 3.290(2) 172.6 

C19–H19...Cgi 0.93 2.78 3.565(2) 142.0 

Cg is the centroid of the C1–C6 ring. 
Symmetry codes: (i) x,1- y,-1/2+ z. 
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hydrogen bond, which generates an S(6) ring  
motif27. In the crystal, molecules are linked into  
one-dimensional infinite chains along c-axis by  
N6—H6A…N2 hydrogen bonds and C19—
H19…Cg1iii interactions (Table 2 and Fig. 3; 
Symmetry code: (iii) = x, 1-y, -1/2+z, Cg1 is the 
centroid of the C1—C6 benzene ring). These chains 
are alternately connected along a-axis by centro-
symmetrically π—π interactions with Cg2—Cg3iv 
=3.721(1) Å (Symmetry code: (iv) = -x, 1-y, 1-z)  
and Cg3—Cg4v = 3.825(1) Å (Symmetry code:  
(v) = 1/2-x, 3/2-y, 1-z) forming a two-dimensional 
supra-molecular network (Fig. 4; Cg2, Cg3 and  
Cg4 are the centroids of the triazole, pyrimidine and 
C15—C20 benzene rings, respectively). 
 
3.2 DFT calculations 

The first task for the computational work was  
to determine the optimized geometry of the title 

compound. The starting coordinates were obtained 
from X-ray structure determination. The optimized 
parameters (bond lengths, bond angles) of the 
compound (1) were obtained using (DFT/B3LYP) 
method with the 6-311G(d,p) basis set. The results are 
listed in Table 3 and compared with the experimental 
data for the title compound. 

As seen from the Table 3, the agreement between 
the theoretically calculated and the experimentally 
obtained structure parameters for the title compound 
are very good. In view of the bond lengths in Table 3, 
most predicted values are longer than experimental 
ones. It may be noted that the experimental results  
are for the solid phase and the theoretical calculations 
are for the gas phase. In the solid state, the existence 
of a crystal field along with the intermolecular 
interactions connect the molecules together, which 
results in the difference in bond parameters between 
the calculated and experimental values28. 

 
 

Fig. 3 — View of N6—H6A…N2 hydrogen bonds and C19—H19…π interactions forming one-dimensional infinite chains along c-axis 
[Cg is the centroid of the (C1—C6) benzene ring; {Symmetry code: (i) x, 1-y, -1/2+z; (ii) x, y, -1+z; (iii) x, 1-y, -3/2+z; (iv) x, y, -2+z; 
(v) x, 1-y, -5/2+z}; hydrogen atoms not included in hydrogen bonding are omitted for clarity] 

 

 
 

Fig. 4 — View of two-dimensional supramolecular network down the a-axis [N—H…N, C—H…π and π—π interactions are shown as 
blue, green and red dashed lines, respectively; Cg1, Cg2, Cg3 and Cg4 are the centroids of the (C1·· ·C6) benzene ring, triazole, 
pyrimidine and (C15·· ·C20) benzene ring, respectively; hydrogen atoms not included in hydrogen bonding are omitted for clarity] 
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Table 3 — Selected structural parameters by X-ray diffraction and 
DFT calculations for compound (1) 

Parameters X-ray DFT 

Bond lengths (Å) 
C1-C6  1.383(2) 1.3985 
C2-C3  1.374(3) 1.3948 
C3-C4  1.353(3) 1.3918 
C4-C5  1.376(3) 1.3942 
C5-C6  1.388(2) 1.3956 
C8-N3  1.3651(2) 1.3684 
C8-C9  1.382(2) 1.3903 
C9-N1  1.3526(2) 1.3585 
C9-C10  1.477(2) 1.49065 
C11-N4  1.3371(2) 1.34062 
C11-C12  1.383(2) 1.3974 
C12-C13  1.3845(2) 1.3964 
Bond angles (°) 
C4-C5-C6 121.23(2) 119.178 
C1-C6-C5 118.46(2) 119.178 
C1-C6-C7 121.71(2) 120.442 
C5-C6-C7 119.82(1) 120.354 
N1-C7-C6 113.20(1) 113.705 
N3-C8-C9 108.77(1) 108.346 
N3-C8-C11 119.97(1) 120.777 
C9-C8-C11 131.25(1) 130.877 
N1-C9-C8 103.38(1) 103.395 
N1-C9-C10 123.12(1) 123.349 
C11-C12-C13 118.11(1) 117.436 
N5-C14-N4 127.31(1) 126.725 
N5-C14-N6 116.18(1) 116.558 
N4-C14-N6 116.51(2) 116.706 
N2-N3-C8 109.26(1) 109.645 
C11-N4-C14 114.97(1) 115.967 
Torsion angles (°) 
N5-C13-C15-C16 176.31(1) 164.009 
C12-C13-C15-C16 -2.0(2) -16.613 
N5-C13-C15-C20 -2.88(2) -15.743 
C12-C13-C15-C20 178.84(1) 163.635 
C6-C7-N1-C9 61.9(2) 77.618 
 

When the X-ray structure of the title compound  
is compared with its optimized counterpart (Fig. 2), 
conformational discrepancies are observed. The 
orientation of the phenyl ring of compound (1)  
proved the most notable discrepancy and is defined 
with torsion angle N5–C13–C15–C20 = -2.88(2)°, 
which is calculated at -15.743° for B3LYP/6-311G 
(d,p) level. As seen from Table 3, the difference 
between the X-ray and calculated values for the  
bond lengths C3–C4, C19–C18 and N6–C14 are 
0.0388 Å, 0.022 Å and 0.0123, respectively. 
Similarly, the difference for bond angles C11–N4–
C14, C1–C6–C7 and C4–C5–C6 are 1.0°, 1.268° and 
2.052°, respectively. This difference is more not  
only because of intra-molecular C10–H10B…N4 
hydrogen    bond    but   also   due   to   intermolecular 

 
 

Fig. 5 — Atom-by-atom super-imposition of the calculated 
structure (blue) and the X-ray structure (red) for compound (1) 

 
N6–H6A…N2 and C–H…π interactions. According to 
experimental and theoretical values, the dihedral 
angles between triazole and pyrimidine rings are 
7.21(8)º and 2.67°, respectively and also between 
benzene rings are 80.42(9)º and 85.93°, respectively. 

A global comparison was performed by 
superimposing the molecular skeletons obtained  
from X-ray diffraction and the theoretical calculations 
atom by atom (Fig. 5), obtaining RMSE’s values  
of 0.443 Å for (DFT/B3LYP) method with the  
6-311G(d,p) basis set. This magnitude of RMSE can 
be explained by the fact that the intermolecular 
columbic interaction with the neighbouring molecules 
are absent in gas phase, whereas the experimental 
result corresponds to interacting molecules in the 
crystal lattice. 
 
3.3 Mulliken analysis 

The atomic charge in molecules is fundamental  
to chemistry. For instance, atomic charge has been 
used to describe the processes of electro-negativity 
equalization and charge transfer in chemical 
reactions29,30 and to model the electrostatic  
potential outside molecular surfaces31-33. Mulliken 
atomic charges calculated at the B3LYP/6-311G(d,p) 
methods are collected in Table 4. Illustration  
of atomic charges plotted at 6-311G (d,p) level  
has been shown in Fig. 6. It is worthy to  
mention that C14, C13, C11, and C9 atoms of  
title compound exhibit positive charges, while  
other carbon atoms exhibit negative charges.  
The charge values for Nitrogen N4 and C10 atoms 
are -0.4175 and -0.2502 a.u., respectively.  
The positive atomic charge is obtained for  
H10B is 0.1438 a.u. However, all the hydrogen 
atoms exhibit a net positive charge. The presence  
of large negative charge on N4 and C10 atoms  
and net positive charge on H10B atom may confirms 
the formation of C10—H10B…N4 intra-molecular 
interaction in solid forms. 
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Table 4 — Mulliken atomic charges of compound (1) 

Atom Atomic charge 
N1 -0.3275 
N2 -0.0322 
N3 -0.2439 
N4 -0.4175 
N5 -0.4003 
N6 -0.4660 
C1 -0.0445 
C2 -0.0908 
C3 -0.0846 
C4 -0.0922 
C5 -0.0711 
C6 -0.1322 
C7 -0.0139 
C8 -0.0604 
C9   0.2800 
C10  -0.2503 
C11   0.1314 
C12  -0.0450 
C13   0.1627 
C14   0.4464 
C15  -0.1193 
C16  -0.0582 
C17  -0.1017 
C18  -0.0778 
C19  -0.0959 
C20  -0.0133 
H1   0.1126 
H2   0.1018 
H3   0.0994 
H4   0.0976 
H5   0.0871 
H6A   0.2227 
H6B   0.2205 
H7A   0.1269 
H7B   0.1596 
H10A   0.1366 
H10B   0.1438 
H10C   0.1185 
H12   0.1111 
H16   0.1001 
H17   0.0939 
H18   0.0940 
H19   0.0939 
H20   0.0980 

 
3.4 Molecular orbital studies 

The most widely used theory by chemists is the 
molecular orbital (MO) theory. The frontier molecular 
orbitals play an important role in the electronic  
and optical properties as well as in UV-VIS spectra 
and    chemical    reactions34.    The    DFT   calculated 

 
 

Fig. 6 — Bar diagram representing the charge distribution of 
compound (1) 
 

 
 
Fig. 7 — Molecular orbital and energies for the HOMO and 
LUMO of compound (1) 
 
electronic absorption spectra, the maximum 
absorption wavelength corresponding to the electronic 
transition is from the highest occupied molecular 
orbital (HOMO) to the lowest unoccupied molecular 
orbital (LUMO). The frontier molecular orbital 
energies of the title compound are shown in Fig. 7. 

The energy gap between HOMO and LUMO is a 
critical parameter in determining molecular electrical 
transport properties35,36. The lowest unoccupied 
molecular orbital (LUMO) energy is -1.5657 eV and 
the highest occupied molecular orbital (HOMO) 
energy is -6.0412 eV. The energy gap of HOMO–
LUMO explains the ultimate charge transfer 
interaction within the molecule and the frontier  
orbital energy gap of title compound is found to  
be -4.4755 eV obtained at DFT method using  
6-311G(d,p) basis set. Lower HOMO–LUMO gap 
explains the eventual charge transfer interactions 
taking place within the molecule, which influences 
the biological activity of the molecule.  
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3.5 Chemical reactivity 

Chemical reactivity indices like chemical hardness 
(η), electro-negativity (χ), electronic chemical 
potential (µ), and electro-philicity Index (ω), are 
calculated using DFT. Chemical hardness is 
associated with the stability and reactivity of a 
chemical system. In a molecule, it measures the 
resistance to change in the electron distribution or 
charge transfer. On the basis of frontier molecular 
orbitals, chemical hardness corresponds to the gap 
between the highest occupied molecular orbital 
(HOMO) and lowest unoccupied molecular orbital 
(LUMO). Chemical hardness is approximated using 
equation η = (ELUMO− EHOMO)/2, where ELUMO and 
EHOMO are the LUMO and HOMO energies, 
respectively. The larger the HOMO–LUMO energy 
gap, the molecule will be harder, more stable and less 
reactive. Table 5 contains the computed chemical 
hardness value for title compound. 

The concept of electro-negativity put forward by 
Pauling37 is defined as the power of an atom in a 
molecule to attract electrons towards it. Higher is the 
electro-negativity of the species, greater is its electron 
accepting power or rather the electro-philicity. 
Eelectro-negativity is determined using equation  
χ = - (EHOMO + ELUMO) /2, Table 5 contains the 
computed electro-negativity values for title 
compound. 

Electronic chemical potential is defined as the 
negative of electro-negativity of a molecule38 and 
determined using equation µ = (EHOMO + ELUMO)/2. 
Physically, µ describes the escaping tendency  
of electrons from an equilibrium system39. The value 
of µ for title compound is presented in Table 5.  

Global electro-philicity index (ω), introduced by 
Parr, is calculated using the electronic chemical 
potential and chemical hardness as shown in equation 
ω = µ2/2η. Electro-philicity index measures the 
propensity or capacity of a species to accept 
electrons40,41. It is a measure of the stabilization  

in energy after a system accepts additional amount  
of electronic charge from the environment42,43.  
The electro-philicity values of the title compound is 
presented in Table 5.  

The HOMO and LUMO orbital energies are related 
to gas phase ionization energies (I) and electron 
affinities (A) of the isomers according to the 
Koopmans’ theorem through equations A = − ELUMO, 

I = − EHOMO. Electron affinity refers to the capability 
of a ligand to accept precisely one electron from a 
donor. 
 
3.6 Molecular electrostatic potential 

The molecular electrostatic potential (MEP) is  
a plot of electrostatic potential mapped onto the 
constant electron density surface. The MEP has been 
used primarily for predicting sites and relative 
reactivity towards electro-philic attack, in studies  
of biological recognition and hydrogen bonding 
interactions44,45. The negative electrostatic potential 
corresponds to an attraction of the proton by  
the concentrated electron density in the molecule  
(and is coloured in shades of red on the EPS surface), 
the positive electrostatic potential corresponds to 
repulsion of the proton by atomic nuclei in regions 
where low electron density exists and the nuclear 
charge is incompletely shielded (and is coloured  
in shades of blue). Potential increases in the order red 
< orange < yellow < green < blue. 

Figure 8 shows the molecular electrostatic potential 
(MEP) and was determined using B3LYP/6-311G(d, p) 
method. The different values of the electrostatic 
potential at the surface are represented by different 
colours. As can be seen in Fig. 8, the negative (red) 
region is localized on the un-protonated atom of  
N2, with a minimum value -0.048 a.u. However, 
positive   (blue)   region   is   localized   on   atom  N6 

Table 5 — Calculated energy values of compound (1) by 
B3LYP/6-311G(d,p) 

Basis set B3LYP/6-311G(d,p) 

EHOMO (eV) -6.0412 
ELUMO (eV) -1.5655 
EHOMO - ELUMO gap (eV) -4.4755 
Chemical hardness (η) 2.2378 
Chemical potential (µ) -3.8035 
Electro-negativity (χ) 3.8035 
Electro-philicity index (ω) 3.2323 

 
 

Fig. 8 — Molecular electrostatic potential map calculated using 
B3LYP/6-311G(d, p) level 
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Table 6 — Thermodynamical parameters of compound (1) by 
B3LYP/6-311G(d,p) 

Parameter Value ( at 298 K) 

Total energy (Hartree) -1101.75 
Zero point energy (K cal.mol-1) 219.75873 
Rotational constants (GHz) 0.46868 

0.08071 
0.07502 

Entropy (cal.mol-1K-1) 
Total 162.352 
Translational 43.416 
Rotational 35.999 
Vibrational 82.937 
Dipole moment (Debye) 4.3217 

Table 7 — Thermodynamic properties of compound (1) at 
different temperatures at B3LYP/6-311G(d,p) level 

Temperature  
(K) 

o

m p,C  

(cal.mol-1K-1) 

o
mS  

(cal.mol-1K-1) 

o
mH  

(Kcal.mol-1) 

100 33.343 101.370 221.872 
200 57.572 133.121 226.392 
300 84.736 162.352 233.494 
400 111.085 190.979 243.309 
500 133.561 218.707 255.579 

 
probably due to hydrogen, with a value 0.041 a.u. 
Therefore, Fig. 7 confirms the existence of an 
intermolecular N6–H6A…N2 interactions.  
 
3.7 Thermodynamic properties 

The thermodynamics parameters of the compound 
have also been computed in order to get reliable 
relations among energetic, structural and reactivity 
characteristics of the molecules. Knowledge of 
permanent dipole moment of a molecule allows to 
determine molecule’s conformation. 

The values of thermodynamic parameters such as 
zero-point vibration energy, thermal energy and 
dipole moment of title compound by DFT method 
with 6-311G(d,p) basis set at 298.15 K and 1 atm 
pressure were calculated and listed in Table 6. From 
Table 6, the high value of dipole moment of title 
compound signifies high delocalization of charges, 
resulting in the formation of relatively loose 
structured, charge separated species. 

The temperature dependence of the thermodynamic 
properties such as heat capacity at constant pressure 

( o

m p,C ), entropy ( o

mS ) and enthalpy ( o

mH ) for the 

title compound have been determined by B3LYP/6-
311G(d,p) method in temperature range 100-500  
K  and  listed  in  Table  7.  From  Table  7,  it  can  be 

 
 
Fig. 9 — Variation of thermodynamic parameters with 
temperature for compound (1) 

 
observed that these thermodynamic parameters 
increase with rise of temperature due to the fact  
that the molecular vibration thermal energies increase 
with temperature. The correlation equations between 
heat capacities, entropies, enthalpy changes and 
temperatures were fitted by quadratic formulas given 
in equations. Below and the corresponding fitting 
factors (R2) for these thermodynamic properties were 
found to be 0.999. The temperature dependence 
correlation graphs are shown in Fig. 9. 
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o

m p,C   = 5.714200+ 0.272468 T - 3.086429 E × 10-5 T2  

(R2 = 0.999) 

o

mS  = 69.22120+ 0.3296034 T - 6.1785714 E ×10-5 T2  

(R2 = 0.999) 

o

mH   = 219.9364 + 0.6275286 E ×10-2 T + 1.300929 E ×10-4 T2 

(R2 = 0.999) 
 

These equations could be used for further studies 
on the title compound. For instance, when the 
interaction of title compound with another compound 
is studied, these thermodynamic properties could be 
obtained from the above equation and then can be 
used to calculate the change in Gibbs free energy of 
the reaction, which will in turn help to judge the 
spontaneity of the reaction. 

 
4 Conclusions 

The title compound (1) was synthesized and has 
been confirmed by NMR and structural (single-crystal 
X-ray diffraction) techniques. To support the solid 
state structure, the geometric parameters of the  
title compound have been calculated using density 
functional theory DFT (B3LYP) method with the  
6-311G(d, p) basis sets, and compared with the 
experimental findings. It is noted here that the 
experimental results belong to solid phase and 
theoretical calculations belong to gaseous phase.  
In the solid state, the existence of the crystal field 
along with the intermolecular interactions have 
connected the molecules together, which result in the 
differences of bond parameters between the calculated 
and experimental values. The small HOMO-LUMO 
gap value shows that the molecule is biologically 
active. The MEP map shows that the negative 
potential sites are on nitrogen atom as well as  
the positive potential sites are around the hydrogen 
atoms and hence, MEP map confirms the existence of 
intermolecular N–H…N interaction. The calculated 
HOMO and LUMO energies can be used to  
semi-quantitatively estimate the ionization potential, 
electron affinity, electro-negativity, electro-philicity 
index, hardness, and chemical potential. The 
correlations between the statistical thermodynamics 
and temperature are also obtained. It is seen that  
the heat capacities, entropies and enthalpies increase 
with the increasing temperature owing to the 
intensities of the molecular vibrations increase with 
increasing temperature.  

Supplementary materials 

CCDC987426 contains the supplementary 
crystallographic data for this paper. This data  
can be obtained free of charge at 
http://www.ccdc.cam.ac.uk/data_request/cif, by  
e-mailing data_request@ccdc.cam.ac.uk, or by 
contacting The Cambridge Crystallographic  
Data Centre, 12 Union Road, Cambridge CB21EZ, 
UK; fax: +44(0)1223-336033. 
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