
Chem Rev Lett 2 (2019) 90-97 

 

 

* Corresponding author: e-mail: valinia_f@gmail.com 

  90 

 

Research Article  
Chemical Review and Letters 

journal  homepage:  www.chemrevle t t . com  

ISSN (online): 2645-4947  (print) 2676-7279 
 

 

Novel 1-(4-chlorophenyl)-3-(2-ethoxyphenyl)triazene ligand: Synthesis, X-ray 

crystallographic studies, spectroscopic characterization and DFT calculations 

 

Fatemeh Valinia a,*, Nasrin Shojaei a , Parisa Ojaghloo a 

a Department of Chemistry, Payame Noor University, Tehran, Iran 

1. Introduction 

Triazene compound, characterized by having a di-
azoamino group (–N=N– N–) commonly adopt a trans 
configuration in the ground state [1]. Triazenes and ani-
onic triazenide [RN=N–NR]– ligands could show differ-
ent types of coordination modes in metal complexes like 
monodentate, (N1,N3)-chelating towards one metal atom 
or (N1,N3)-bridging over two metal atoms [2]. 

 The first extensive investigation of the coordination 
chemistry of a triazene derivative (1,3-diphenyltriazene) 
was carried out in 1887 by Meldola [3] Triazene com-
pounds have been studied for over 130 years concerning 
their interesting structural, anticancer, and reactivity 
properties. They have been used in medical, and as or-
ganometalic ligands [4]. 

 Triazenes are well known and important substances, 
especially for synthesis of supramolecular compounds of 
transition metals like Cu and Hg(II) [5].  

The study of transition metal complexes 1,3-diaryl 
triazenide ligands has increased greatly in the past few 
years, because of their potential reactivity in relation to 
their coordination modes [6]. One and double-chained 

triazenes are well known as important ligands. Besides 
their ability to coordinate of different manners with tran-
sition metals, they are also proficient to assemble unique 
supramolecular aggregates, because of their remarkable 
aptitude to attain intermolecular, secondary metal–ligand 
and ligand–ligand interactions [7]. 

Literature survey reveals that to the best of our 
knowledge the synthesis of 1-(4-chlorophenyl)- 3-(2-eth-
oxyphenyl)triazene (CET) has not been reported. Thus, 
the aim of this study is to synthesize and characterize 
CET and perform DFT computation and analysis. We 
hereby report our results. 

2. Experimental  

2.1. General Method  
 
Melting point was determined by Gallenkamp melting 
point apparatus. Elemental analysis was performed with 
Perkin-Elmer 2400 series II. 1H NMR and 13C NMR 
spectra were recorded with Bruker Avance 300 spec-
trometer with the processing software XWINNMR  
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version 3.1.  
Chemical shifts are reported on δ scale relative to TMS. 
FT-IR spectra were measured by a PerkinElmer spectrum 
RXI FT-IR spectrometer in the frequency range of 4000–
400cm-1 using KBr discs.  

 
The IR spectrum was recorded at room temperature at the 
spectral resolution of 1 cm-1. Single crystal X-ray data 
were collected on a Bruker SMART 1000 CCD area de-
tector (Mo Kα radiation) at 120 K. The crystal was 
solved by direct methods using SHELXS-97 and refine-
ment was carried out with full-matrix least-squares meth-
ods based on F2 with SHELXL-98 software package 
[8,10]. 
 The crystal data and experimental parameters are given 
in Table 1S (Supplementary information). The parame-
ters in the CIF form are available as Electronic Supple-
mentary Information from the Cambridge Crystallo-
graphic Data Centre (CCDC 814968). 

 
2.2. Synthesis 
 
The synthetic route is shown in Scheme 1. A 1000 mL 
flask was charged with 100 g of ice and 100 mL of water 
and then cooled to 0 ºC in an ice-bath. After that a solu-
tion of containing 6.35 g (0.05 mol) of  4-chloroaniline 
in 25 mL of methanol and 10 mL (0.12 mol) of hydro-
chloric acid (d = 1.18 g mL-1)  were added to the mix-
ture, and then a solution of NaNO2 containing 3.45 g 
(0.05 mol) in 25 mL of water was added during 15 min 
under stirring solution. 
 
 Afterwards, 6.85 g (0.05 mol) of 2-ethoxyaniline was 
added with vigorous stirring for a period of 30 min to this 
mixture. 
 Finally, to the solution was added sodium acetate 18% 
until pH: 7-8 was obtained and stirred for 2 hours. The 
yellow residue was filtered and dissolved in diethyl ether, 
after evaporation of diethyl ether, a purified orange crys-
tals was obtained, which has a melting point of 56 - 58ºC. 
Yield: 85%. Infrared and 1HNMR spectra and CHN anal-
ysis, were confirmed the CET structure. 

 
 1H NMR (300 MHz, DMSO-d6): δ 1.31 - 1.35 (3H, 

t, CH2), 4.04 - 4.11 (2H, q, CH3), 6.90 - 7.55 (8H, m, 
phenyl protons) and 12.66 (1H, s, NH). 1H NMR (300 
MHz, Acetone): δ 1.36 - 1.48 (3H, t, CH2), 4.11 - 4.18 
(2H, q, CH3), 6.95 - 7.65 (8H, m, phenyl protons) and 
10.63 (1H, s, NH). 13C NMR (300 MHz, DMSO-d6): δ 
152.82, 148.58, 140.93, 138.90, 130.97, 130.15, 129.30, 
128.11, 125.57, 120.59, 116.20, 112.67, 63.76 and 14.79. 
13C NMR (300 MHz, CDCl3): δ 148.52, 147.66, 132.77, 
131.94, 131.38, 130.02, 129.93, 129.54, 124.75, 121.87, 
117.22, 113.14, 65.90 and 16.39. 

 IR (KBr, ν cm-1): 3403 (N-H), 3332-2889 (C-H, sp2), 
1595-1514 (C=C), 1487-1294 (C-C), 1453 (N=N), 1156 
(N-N), 1041 (ph-Cl). 

 Elemental analysis, Found: C, 61.05; H, 4.98; N, 
15.18. Calc. for (C14H14ClN3O): C, 60.98; H, 5.12; N, 

15.24 % . 

 

 

 

 

 

 

 

Scheme 1. Synthesis of CET 

 
3. Computational details 

Starting geometry for optimization was taken from 
the X-ray crystallography data. The geometry was then 
fully optimized at the level of B3LYP/6-311++G (2d,p). 
The optimization keyword (FOPT) was combined with 
the frequency calculations (FREQ) to obtain vibrational 
spectra. In addition, true minimum structure was tested 
by searching the number of imaginary frequencies 
(NIMAG). In our output NIMAG was equal to zero, de-
noting that the optimized structure was not saddle point 
in the potential energy surface. DFT calculation was 
done by Gaussian 03 program [11]. 

 Natural bond orbital calculation was conducted by 
NBO 3.1 [12] program that has been included in the 
Gaussian program. Atoms in molecules theory of Bader 
[13] was studied by the program AIM2000 [14]. The vi-
brational band assignments were made by using VEDA 
4 program [15]. GaussSum [16] was used to calculate 
group contributions to the molecular orbitals and to pre-
pare the partial density of states (DOS) spectra. All cal-
culations were done by Intel® server SR2600URLX 
model with 8GB DDR3 of RAM. 

4. Results and discussion 

4.1. Crystal structure and molecular geometry 
The title compound was purified by recrystallization 

from diethyl ether. The analytical and spectroscopic data 
are consistent with the proposed structure. The Ortep di-
agram of the title compound is given in Fig. 1a. Fig. S1 
(Supplementary information) showed the crystal cell of 
title compound.This compound crystallized in the mon-
oclinic system, space group P2(1)/n with four molecules 
in the unit cell. The unit cell parameters are: a = 9.3156(3) 
Å, b = 6.1822(2) Å, c = 24.5109(8) Å. The final R value 
was 0.0449 for 4122 reflections. The title compound, 
C14H14ClN3O, is characterized by X-ray analysis and ex-
hibits a trans geometry about the N=N double bond in 
the solid state. 
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Figure 1. (a) Ortep diagram and (b) optimized theoretical 

structure of studied molecule at level of B3LYP/6-311+ 

+G(2d,p); (c) Molecular graph of the studied molecule at the 

level of B3LYP/6-311++G(2d,p). Small red sphere, small yel-

low sphere, and lines represent bond critical points (BCP), ring 

critical points (RCP), and bond paths, respectively. 

 
The C8–N3–N2–N1 and C9–N1–N2–N3 torsion an-

gles are -177.37◦ and -178.87 ◦, respectively. A typical 
feature of free 1,3-diaryltriazenes is delocalization of the 
π electrons on the triazene group towards to the terminal 
aryl substituents. This behavior is supported by the devi-
ations observed from the normal N–N and CAryl–N bond 
lengths. The N=N bond [1.257 Å] is longer than the char-
acteristic value for a double bond (1.236 Å), whereas the 
N–N bond [1.325 Å] is shorter than the characteristic 
value for a single bond (1.404 Å).17 On the other hand, 
the N3–C8 [1.395 Å] and N1–C9 [1.422 Å] bonds are 
shorter than the characteristic N–CAryl single bonds (sec-
ondary amines, R2NH, R= Csp2; 1.452 Å) [18].  

Theoretical and experimental optimized geometry of 
the title compound is shown in Fig. 1. The experimental 
and theoretical structural parameters containing bond 
lengths, bond angles, and dihedral angles are presented 
in Table 2S. Fig. 2a shows the correlation between theo-
retical and experimental bond lengths at the level of 
B3LYP/6-311++G(2d,p). 

Fig. 2b shows the correlation for the bond angles. 
While the correlation coefficient for the bond length is 

0.9932, it is only 0.9784 for the bond angles. In other 
words, the differences between experimental and theo-
retical bond angles are higher than the differences be-
tween experimental and theoretical bond lengths. The 
reason of these discrepancies is that in the gas phase an 
individual molecule is considered, while in the solid 
phase crystal more than one molecule present. Inspecting 
the experimental structure, it shows that the intermolec-
ular interactions have the most effects on C3-C4-N1, C4-
N1-N2, and N2-N3-C5 bond angles. Omitting these val-
ues from the graph, the correlation coefficient increases 
from 0.9784 to 0.992.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Correlation between theoretical and experimental 

bond length at the level of B3LYP/6-311++G(2d,p) (a), bond 

angles at the levels of B3LYP/6-311++G(2d,p) (b) and 

B3LYP/6-311+G(d) (c). 
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As noted in above, in the solid phase, contrary to the gas 
phase, there are inter-molecular interactions between dif-
ferent molecules that they are present in the crystal. With 
enlarging basis set in the gas phase model, the differ-
ences between theory and experiment are increased. This 
is due to the absence of inter-molecular interactions in 
the gas phase. Fig. 2c shows the correlation graph for 6-
31+G(d) as a small basis set. This basis sets does not 
change the starting geometry very much. It should be 
noted that the starting geometry has been taken from the 
experimental cif file. With this change in basis set, cor-
relation coefficient increases from 0.9784 to 0.9804. 

 
4.2. Vibrational assignment 
The title molecule has 33 atoms; therefore, it has 93 nor-
mal modes. Experimental and theoretical FT-IR spectra 
are shown in Fig. 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Figure 3. The experimental and calculated (B3LYP/6-311 

++G(2d,p) level) FT-IR spectra of CET; correlation between 

theoretical and experimental FT-IR spectrum at the level of 

B3LYP/6-311++G(2d,p) also shown. 

 
The theoretical frequencies and IR intensities were 

calculated at the level of B3LYP/6-311++G(2d,p). Table 
3S shows the detailed vibrational assignment obtained 

from the calculated potential energy distribution (PED). 
Comparing the theoretical frequencies with experimental 
values reveals that the theoretical frequencies are over-
estimated. 

 This overestimation is related to the harmonicity in 
the theoretical models and anharmonicity in real systems. 
In order to improve the theoretical frequencies to agree 
with the experiments, a scaling factor is usually used. In 
this paper, we have used the scaling factor value of 
0.9618 that belongs to the 6-311+G(2d,p) basis set.19 An-
dersson and Uvdal have shown that the difference be-
tween the scaling factor values of + and ++ diffusion 
functions is only 0.0004 [19].  

Therefore, we have used this scaling factor value for 
our basis set 6-311++G(2d,p). Results of Table 3S show 
that this scaling factor can represent experimental data in 
a good way. Fig. 3 shows the correlation between exper-
imental and theoretical vibrational frequencies. The cor-
relation coefficient value of 0.9979 shows that good as-
signment have been done for the experimental data. In 
our calculations <EPm> has been increased to the value 
of 74.76 by using different techniques in the VEDA pro-
gram. The more <EPm>, the better assignment is.  

The aromatic structure shows the presence of C–H 
stretching vibration in the region 3100–3000cm-1, which 
is the characteristic region for the ready identification of 
C–H stretching vibration [20,21]. 

 In this region, the bands are not affected appreciably 
by the nature of the substituent. The four expected C–H 
stretching vibrations correspond to stretching modes of 
C11–H, C12–H, C13–H, C14–H, C2–H, C3–H, C9–H, 
C10–H units. Therefore in our present work, the FT-IR 
bands observed at 3332.08, 3067.46, 2983.01, 2939.38 
and 2889.26 cm-1 are assigned to C–H stretching vibra-
tions. The scaled vibrations by B3LYP/6-311++G(2d,p), 
method shows very good agreement with recorded spec-
tral data. The aromatic C–H in-plane bending and out-of-
plane bending vibrations normally occurs in the region 
1300–1000 cm-1 and 750-1000 cm-1 respectively [22,23], 
the bands are sharp but have weak-to medium intensity. 
The C-H in-plane bending vibration computed at 
1141.89, 1137.76, 1098.79, 1084.56, 1080.61 and 987.79 
by B3LYP method shows excellent agreement with FT-
IR bands at 1143.34, 1100.33 and 1088.03cm−1 in FT-Ra-
man spectrum. The bands observed at 947.01, 936.16, 
831.92 and 790.14 cm−1 in FT-IR are assigned to C-H 
out-of-plane bending vibration for CET. This also shows 
good agreement with theoretically scaled harmonic 
wavenumber values at 938.86, 932.42, 925.41, 886.01, 
823.98, 821.09, 802.73 and 797.26 cm−1 by B3LYP 
method. These C–H in-plane and out-of-plane bending 
vibrations show good agreement with literature data [24-
26] All the C-H vibrational bands are in the expected re-
gion and are with almost strong intensity since there is 
no collision on the benzene structure.  

The ring stretching vibrations (C=C) are very much 
prominent in the spectrum of benzene and its derivatives 
and are highly characteristic region of the mono substi-
tuted aromatic ring itself[27]. The bands between 1520-
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1650 cm-1 in benzene derivatives usually assigned to 
C=C stretching modes [28]. The C=C stretching vibra-
tions have been found at 1595, 1527 and 1514 cm-1 in 
this molecule. The assigned values are mostly in ex-
pected range whereas the last one is shifted away from 
the range.  

Ring C-C stretching vibrations normally occur in the 
region 1590-1430 cm-1[29,30]. In the present case, the C-
C stretching vibrations have been assigned at 1487, 1397, 
1307 and 1294 cm-1. When compared to the literature 
range cited above, two bands are missing and there is a 
considerable decrease in frequencies which are due to the 
strong coupling of N=N between the ring and worsening 
with the increase of mass of substitutions. The observed 
bands at 521 cm−1, 540 cm−1, 921 cm−1 and 596 cm−1 in 
IR spectrum are assigned to the CCC bending mode for 
the CET which are in good agreement with the theoreti-
cal values. These assignments are in line with the assign-
ments proposed by the literature [31].  

 
Azo compounds are difficult to identify by IR spec-

troscopy because no significant bands are observed for 
them, the azo group being non polar in nature [32-34]. In 
addition, the weak absorption of azo group occurs in the 
same region as the absorption of aromatic compounds, 
the cis-form having slightly stronger bands normally 
than the trans-form. The N=N stretching vibrations are 
normally occur at 1410-1440 cm-1 [35] Crane et al [36]. 
reported the N-N stretching frequency at 1151 cm−1. In 
line with above observation N-N stretching is assigned at 
1156 cm−1 in the present work. The theoretically calcu-
lated value by B3LYP/6-311++G(2d,p)  at 1162cm−1 
(mode no. 38) shows that the deviation of about 6cm−1. 
In the title compound the experimentally observed value 
of the N=N stretching band (1453 cm-1) shows very good 
agreement with computed values 1450 cm-1 at B3LYP/6-
311++G(2d,p)  level of theory. The N=N-N-ring in-
plane/out-of-plane bending vibrations occurs at 420 and 
176 cm-1/360 and 73 cm-1 respectively.  Due to the 
heavy mass of the N, the rings themselves are vibrated in 
(longitudinal) and out (transverse) of the molecular plane 
and this view is also in line with the above literature. 

 
The N-H stretching vibration is found in this case at 

3403 cm-1. The theoretically calculated value by 
B3LYP/6-311++G(2d,p) at 3374 cm−1 (mode no. 1) 
shows that the deviation of about ∼29 cm−1 may be due 
to the presence of intermolecular interactions when com-
pared with experimental observation. This mode is a pure 
mode as is evident from PED column contributing ex-
actly 100%. Sundaraganesan et al.37 assigned C–N 
stretching absorption in the region 1382–1266 cm-1 for 
aromatic amines. In benzamide the band observed at 
1368 cm-1 is assigned to be due to C–N stretching [38]. 
In the present work, a strong band at 1207 cm−1 in FT-IR 
has been assigned to C–N stretching vibrations. The C–
N stretching vibration is theoretically predicted at 1195 
cm−1 (mode no. 36) by B3LYP method shows good 
agreement with experimental observation 

The vibrations belonging to the bond between the ring 
and the halogen atoms are worth to discuss here, since 
mixing of vibrations are possible due to the lowering of 
the molecular symmetry and the presence of heavy atoms 
on the periphery of molecule[39]. The assignments of C–
Cl stretching and deformation vibrations have been made 
by comparison with the halogen-substituted benzene de-
rivatives.40 Mooney [40-42] assigned vibrations of C–X 
group (X = Cl, Br, I) in the frequency range of 1129–
480cm−1. In FT-IR spectrum of title molecule, a strong 
band at 1041 cm-1 is assigned to C-Cl stretching vibration. 
The C-Cl bending vibration is assigned to the FT-IR band 
at 351 and 278 cm-1.  

 
The band observed at 2983 cm−1 (mode no. 11) in FT-

IR spectrum could be attributed to CH3 symmetric 
stretching vibration that shows excellent agreement com-
pared with B3LYP/6-311++G(2d,p) method. There is 
one methylene group attached to the CET molecule. The 
peaks in the wavenumber range 1476 and 1459 cm−1 of 
CET are due to the methylene scissoring modes and are 
assigned very well at 1468 and 1461 cm−1 in the recorded 
FTIR spectrum. The FT-IR band appearing at 1258cm−1 
(96% PED) is assigned to methylene twisting mode of 
vibrations. The methylene rocking mode is calculated at 
1135 cm−1 with 77% contribution to PED. 

 
4.3. NMR spectra 

 

1H and 13C NMR chemical shifts were calculated by 
GIAO method at the level of B3LYP/6-311++G(2d,p). 
The experimental and theoretical chemical shifts (in ppm 
relative to TMS) are given in Table 4S. TMS chemical 
shift calculations were done at the same level of theory 
as the title molecule. Calculated 1H isotropic chemical 
shielding for TMS at the B3LYP/6-311++G(2d,p) level 
was 31.9484 ppm. The 13C isotropic chemical shielding 
for TMS at this level was 183.454 ppm. Comparing ex-
perimental NMR spectra with calculations showed that 
the theoretical results are in good line with experiments. 
The correlation coefficient value for 1H NMR is 0.9886 
and for 13C NMR is 0.9957 (Fig. 4). 

 
4.4. NBO and AIM analyses 
 
In this paper, we have used NBO and AIM analyses to 
characterize intra-molecular hydrogen bond. NBO ap-
proach quantitatively describes the non-covalent bond-
ing-antibonding interactions (or non-Lewis structure). 
The interaction values are expressed by means of the sec-
ond-order perturbation (or delocalization) energy which 
is shown by E(2). 
 π→ π* and n→ π* charge transfers are characterized as 
conjugative interactions or resonance, π→ σ* and σ→ π* 
are known as primary hyperconjugation, and σ→ σ* as 
secondary hyperconjugation [43]. The NBO analysis was 
done with the level of B3LYP/6-311++G(2d,p). As a de-
fault, Gaussian program uses the density of HF method 
in all post-HF method. 
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Figure 4. Correlation between theoretical and experimental 

13C NMR (in DMSO) (a) and 1H NMR (in Acetone) (b) at the 

level of B3LYP/6-311++G(2d,p) (b). 

 
In order to use the DFT density in this work to analyze 
the natural bond orbital, the keyword density=current 
was added in the route section. To visualize the natural 
bond orbitals, NBOs should be saved in the check point 
file by the keyword pop=savenbos. The HOMO and 
LUMO of natural bond orbitals are shown in Fig. 5. This 
figure shows that the C12-C13 bond is nucleophile and 
N1=N2 is electrophile. 

 
 
 
 
 
 
 
 
 
 
 

Figure 5. (a) The HOMO (πC12═C13), and (b) LUMO 

(π*N1═N2) natural bond orbitals for the title molecule. 

For a hydrogen bond, there is a high charge transfer (or 
high second order delocalization) between the lone pair 
of proton acceptor and anti-bonds of the proton donor. 
Table 1 shows the second order delocalization energy for 
some important donor-acceptor orbital interactions. Π–
electron delocalization in the ring has a range of 17-22 
kcal/mole of energy. Results show that the resonance be-
tween N=N and ring is less than the in-ring resonance. 
Table 1 shows that Oxygen conjugate with the ring more 
than the chlorine. Delocalization energy for nO→ σ*

N─H 
is only 1.07 kcal/mol, that shows there is not intra-mo-
lecular hydrogen bond within the molecule. To be sure 

about this conclusion, we have tested the existence of hy-
drogen bond by atoms in molecules (AIM) theory. Fig. 
1c shows the bond critical points that have been calcu-
lated by AIM2000 program [14]. The data shows that 
there is not bond critical point between O H-N. The 
absence of intra-molecular hydrogen bond is clear in the 
experimental data of X-ray crystallography. 

 
Table 1. Major donor-acceptor orbital interactions and their 

second order delocalization energies (E(2)) in kcal/mol for 

the studied compound. All values are in kcal/mol. 

Donor→Acceptor Energy 

πN1═N2 → π*
C4═C10 11.37 

πC1═C9 → π*
C2═C3 18.93 

πC1═C9 → π*
C4═C10 18.34 

πC2═C3 → π*
C1═C9 19.81 

πC2═C3 → π*
C4═C10 18.95 

πC4═C10 → π*
N1═N2 21.48 

πC4═C10 → π*
C1═C9 22.29 

πC4═C10 → π*
C2═C3 19.50 

πC5═C14 → π*
C6═C11 19.71 

πC5═C14 → π*
C12═C13 19.37 

πC6═C11 → π*
C5═C14 17.41 

πC6═C11 → π*
C12═C13 18.92 

πC12═C13 → π*
C5═C14 20.00 

πC12═C13 → π*
C6═C11 19.20 

nCl→ π*
C1═C9 12.36 

nO→ π*
C6═C11 27.65 

nN3→ π*
N1═N2 53.41 

nN3→ π*
C5═C14 36.43 

nO→ σ*
N─H 1.07 

 
 

4.5. HOMO–LUMO energy 
In the frontier region, neighboring orbitals are being 

often closely spaced. In such cases, consideration of only 
the HOMO and LUMO may not yield a realistic descrip-
tion of the frontier orbitals. For this reason, the density-
of-states (DOS) in terms of Mulliken population analysis 
were calculated using the GaussSum program. The DOS 
diagram is shown in Fig. 6. 

 
 
 
 
 
 

 

 

 

Figure 6. Partial DOS diagram contain HOMO (left) and 

LUMO (right) plot of CET at B3LYP/6-311++G(2d,p). 

 

The DOS plot mainly presents the composition of the 
fragment orbitals contributing to the molecular orbitals. 
The HOMO–LUMO energy gap of CET was calculated 
at the 6-311++G(2d,p) level, which reveals that the en-
ergy gap reflects the chemical activity of the molecule. 
The LUMO as an electron acceptor represents the ability 
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to obtain an electron, and HOMO represents the ability 
to donate an electron. The calculated energies and the en-
ergy gap is 

LUMO = -2.01065 eV 
HOMO = -5.65670 eV 
HOMO-LUMO Energy gap = 3.64605 eV 

The energy gap (3.64605 eV) of HOMO–LUMO ex-
plains the eventual charge transfer interaction within the 
molecule, which influences the biological activity of the 
molecule. Consequently, the lowering of the HOMO–
LUMO band gap is essentially a consequence of the large 
stabilization of the LUMO due to the strong electron-ac-
ceptor ability of the electron-acceptor group. 

5. Conclusions 

1-(4-Chlorophenyl)-3-(2-ethoxyphenyl)triazene was 
synthesized and characterized by elemental analysis, FT-
IR, 1H NMR, 13C NMR and X-ray crystallography. The 
title compound crystallizes in monoclinic system with 
space group P2(1)/n, a = 9.3156(3) Å, b = 6.1822(2) Å, 
c = 24.5109(8) Å, α=γ= 90.00, β =  92.678(2)° and Z = 4. 
The molecular structure, IR, 1H NMR, 13C NMR, 
HOMO-LUMO, NBO and AIM of CET are determined 
and analyzed by theoretical method. Comparisons be-
tween the calculated properties the experimental indicate 
that they support each other and are in good agreement 
with together. 
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