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a b s t r a c t

New mono azo dyes 5-amino-4-[4-(dimethylamino)phenyl]diazenyl]-pyrazol-3-ol (A) and 5-amino-4-
[4-(dimethylamino)phenyl]diazenyl]-2-phenyl-pyrazol-3-one (B) are synthesized and their FT-IR, 1H
NMR and UVeVis properties are measured. Computational quantum chemistry simulations based on
Density Functional Theory (DFT) and Hartree-Fock (HF) by utilizing the basis set of 6-31G(d) are carried
out to investigate the molecular structure and some spectroscopic properties, such as FT-IR, 1H NMR,13C
NMR and UVeVis spectra and the frontier molecular orbitals of Compounds A and B. Potential energy
distribution (PED) is used to determine the FT-IR vibrational modes of the mono azo compounds. The
correlations between the measured and calculated vibrational frequencies are found to be in good
agreement with each other. UVeVis spectrum in different solvents are measured and supported by their
ab-initio calculations. The frontier molecular analysis are considered to get the electronic properties of
two molecules. A good agreement between the experiment and computation results indicates that DFT
and HF methods are able to provide satisfactory results for structural, spectroscopic and electronic
properties of mono azo dyes.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Azo dyes are organic compounds containing the coloring azo
function (-N]N-) which is bound to aromatic ring. Recently, these
chemical materials have received more attentions in both of the
scientific and technological points of view. Azo dyes are widely
utilized as a synthesized industrial organic dyes. Their industrial
applications show extensive range such as sensitized solar cells [1],
non-linear optical systems [2], metallochromic indicators [3], sen-
sors [4], photochromic materials [5], liquid crystalline display [6],
photo-sensitizers [7], biological-medical studies [8] and electro-
optical devices and inkjet printers [9]. Additionally, azo dyes are
used in dyeing textile fibers such as cotton, silk, wool, viscose and
synthetic fibers [10]. These chemical materials are easy to use and
to provide clear and strong colors. They are also relatively cheap
materials. Azo dyes chemical materials have potential applications
of antibacterial, antifungal, antitumor, antioxidant activities points
of medical and pharmacology [11e13]. It is known that there is a
proton tautomerization process in the structures of azo dyes,
leading to their unique photo-physical and photo-chemical prop-
erties [14]. Although there are many studies on azo dye materials, it
is more necessary to synthesize and characterize them by using
both experimental techniques and theoretical methods to clarify
some structural, spectroscopic and electronic properties of newly
synthesized azo dye materials. Quantum chemical computational
methods [15e18] are very powerful tools to identify and illuminate
the structural, vibrational and electronic properties of the mate-
rials. Experimental data can be reinforced with the theoretical
calculations with reasonable accuracy. At this point, the reliability
of experimental studies or findings is increasing when the theo-
retical methods are supported to results. Interest in theoretical
studies is increasing daily for these reasons. In our previous works
[19e21], we have investigated the structural and spectroscopic
properties of some disazo and mono azo dyes by using quantum
chemical computational methods. Sener et al. [22] have synthe-
sized disazo dyes with pyrazole skeleton and characterized their
structures and spectroscopic properties by using experimental
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characterization techniques such as FT-IR, 1H NMR and theoretical
approach. Yıldırımet al. [23] have synthesized new coumarin based
disazo dyes and clarified their structural and spectroscopic prop-
erties by experimental techniques as well as theoretical quantum
computational methods.

The main aim of the present work is to investigate the structural
and spectroscopic properties of two newly synthesized mono azo
dyes (Molecule A and B) by performing experimental techniques
and quantum computational methods based on DFT and HF. FT-IR
and 1H NMR spectra of new mono azo dyes are measured in or-
der to obtain the chemical structure and vibrational properties. The
molecular structural parameters such as bond length, bond angle
bond dihedral angles, fundamental vibrational modes, 1H NMR, 13C
NMR and UVeVis spectra and molecular orbitals of the mono azo
dyes compounds considered in this study are identified by per-
forming quantum chemical computations. Absorption spectra of
two molecules are observed to obtain the wavelength at the
maximum absorption of UVeVis wave.

This work is organized as follows: the experimental details are
introduced in Section 2. The computational quantum chemistry
methods we follow are presented in Section 3. The results of
structural and some spectroscopic properties for two molecules
obtained from experiment and ab-initio simulations are presented
and discussed in Section 4. Moreover, the observed data are
compared with their theoretical values in the same section. Finally,
the last Section 5 of this work deals with the conclusion arising
from the main results.

2. Experimental method

2.1. Synthesis of 5-amino-4-[4-(dimethylamino)phenyl]diazenyl]-
pyrazol-3-ol (A)

10ml hydrochloric acid is added to 0.02mol N,N-dimethyl-p-
phenylenediamine and the mixture is magnetically stirred at
0e5 �C in a salt-ice bath. 1.4 g NaNO2 (in 5ml water) is added
dropwise to the solution over 1 h and the diazonium salt is formed.
In another beaker, the coupling compound is prepared by adding
1.2 g Na2CO3 þ 0.4 g NaOH solutions (in water) at 0e5 �C onto
0.02 mol of 3-amino-5-hydroxypyrazole. After diazotization, the
prepared diazonium salt is added dropwise to the coupling agent
and is continued to be magnetically stirred in a salt-ice bath at
0e5 �C for 4 h. The mixture is adjusted to pH 6 at room tempera-
ture, stirred, filtered with cold water in vacuum and crystallized in
appropriate solvent mixtures.

2.2. Synthesis of 5-amino-4-[4-(dimethylamino)phenyl]diazenyl]-
2-phenyl-pyrazol-3-one (B)

5-amino-4-[4-(dimethylamino)phenyl]diazenyl]-2-phenyl-pyr-
azol-3-one (B) is synthesized by following the procedure of 5-
amino-4-[4-(dimethylamino)phenyl]diazenyl]-pyrazol-3-ol (A).
However, instead of 3-amino-5-hydroxypyrazole, 3-amino-1-
phenyl-2-pyrazolin-5-one is used as a coupling agent in the syn-
thesis of compound B.

The synthesis schemes of compounds A and B are shown in
Fig. 1.

2.3. Experimental equipment

IR spectra are recorded on a Schimadzu IR Prestige-21 Fourier
Transform-infrared (FT-IR) spectrophotometer. Nuclear magnetic
resonance spectra for the compoundA and B aremeasured by using
Bruker Avance 125MHz. All of the wavenumbers are recorded via
Schimadzu UV-1601 double beam spectrophotometer. Melting
points for the compounds are utilized by Smart SMP30 Stuart
melting point apparatus.

3. Computational method

Quantum chemistry calculations are carried by using DFTand HF
methods implemented in the Gaussian 09 Package Program [24,25]
in order to get the information about structural and vibrational
frequencies of the mono azo dyes. 6-31G (d) basis set is used to
represent the electronic wave function in the DFTand HF in order to
turn the partial differential equations of the model into algebraic
equations suitable for efficient implementation on a computer.
Molecular structures of the mono azo dyes are optimized to reach
the global minima at the level of ab-initio chemistrymethods based
on DFT within B3LYP (which stands for Becke, 3-parameter, Lee-
Yang-Parr) and HF by considering C1-symmetry.

The optimized molecular structures of the Molecule A and B are
demonstrated in Fig. 2 (a) and (b) with the atomic numbering. The
same basis set and computational methods with those utilized in
the optimization are used to predict the vibrational frequencies of
azo dyes molecules of the optimized structures. 1H NMR and 13C
NMR shielding constants are also calculated by applying the Gauge-
Including Atomic Orbitals (GIAO) implemented in DFT and HF
methods [25] in the solvents of chloroform, acetic acid, methanol,
dimethylformamide (DMF) and dimethylsulphoxide (DMSO). The
1H NMR and 13C NMR chemical shift computations are analyzed by
taking into account the Tetramethylsilane (TMS) as a reference.
Wavenumber calculations verify the stability of the optimized ge-
ometries, giving positive values for all the computed wavenumbers.
Vibrational Energy Distribution Analysis program (VEDA 4) [26] is
used to calculate Potential Energy Distribution (PED) for each of the
vibrational frequencies. PED calculations show the relative contri-
bution of the internal coordinates to each normal vibrational mode
of the molecules. Thus, the character of each mode can be
described. The PEDs for the assignments of the experimental bands
clarify the fundamental vibrational modes. The vibrational fre-
quencies predicted from computational quantum chemistry
methods are multiplied by the appropriate scaled factors [27] to
compare with those obtained from experiments. The incomplete
incorporation of electron correlation and the use of finite basis set
in simulations give rise to some systematic errors. Hence, the scaled
factors such as 0.9614 and 0.8953 for DFT and HF computational
methods [27] are considered for determining the accurate vibra-
tional spectra of the molecules. The values of the vibrational fre-
quency modes obtained from DFT and HF for the optimized
geometry of the title molecules are collected in Table 2, along with
the corresponding experimental data.

UVevis spectrum analyses of azo dyes considered in this work
are accomplished by using Time Dependent Density Functional
Theory (TD-DFT) employing B3LYP level with the basis set of 6-
31G(d) in five different solvents, such as chloroform, acetic acid,
methanol, dimethylformamide (DMF) and dimethylsulphoxide
(DMSO).

4. Results and discussion

4.1. Molecular geometry

The geometric structures of the Molecules A and B calculated
from DFT and HF methods are represented in Fig. 2 (a) and (b),
along with the atom numbering schemes, respectively. The geom-
etry of the molecules possesses C1 point group symmetry. These
molecules have got 32 and 42 atoms and possess 90 and 120
fundamental vibrational modes, respectively. Molecule A consists
of 11 C atoms, 6 N atoms, 14 H atoms and 1 O atom. On the other



Fig. 1. The synthetic scheme for the preparation of Compounds A and B.
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hand, 17 C atoms, 7 N atoms 18 H atoms and 1 O atom constitute
Molecule B. The main difference in the structure of Molecule Awith
Molecule B is the presence of benzene ring (Fig. 2b) in Molecule B
instead of 29 H atom shown in Fig. 2a.

4.2. Structural properties

The structural parameters of the bond length, bond angle and
dihedral angle of the molecule A and B determined from DFT and
HF methods are presented in Tables S1 and S2 as a supplementary
material, respectively. In order to define the molecular structure of
the molecule A, 33 bond lengths, 52 bond angles and 67 dihedral
angles are necessary. As we interest in the molecule B, 44 bond
lengths, 70 bond angles and 95 dihedral angles constitute the
structure. These bond lengths, bond angles and dihedral angles
given in the Tables S1 and S2 are shown in Fig. 2 (a) and (b). The
results computed from twomethods are almost close to each other.
To the best of our knowledge, experimental data on the geometric
structure of the mono azo dyes molecules considered in this study
are not available in the literature. Tables S1 and S2 show that when
the benzene ring is substituted for 29 H atom in Molecule A, the
lengths for CeN and CeO bonds decrease while the other bonds do
not change significantly. When analyzing the bond angles of the
molecules, there is no difference in distant region, while the
changes in the angles between atoms near the benzene ring are
recorded.

4.3. Keto-enol tautomerization

Tautomerism is related by the migration of an atom, usually a
hydrogen atom varying from one side of molecule to another side.
Each of tautomer has different properties. The most common
tautomer is the keto-enol tautomer that is formed via a movement
of hydrogen atom from carbon to oxygen. The keto-enol tautom-
erism is also observed in A and B molecules synthesized in this
work and the tautomeric forms of compounds A and B are pre-
sented in Fig. 3.

4.4. Analysis of vibrational spectra

The infrared spectroscopy provides information about the mo-
lecular structure and interactions within the sample. This spec-
troscopy technique is not destructive and invasive tool. It measures
vibrational energy associated with the chemical bonds in a sample.
The vibrational spectrum is used as like fingerprint to identify and
characterize the structure of the chemical materials.

In this work, the theoretical and experimental vibrational fre-
quencies data of the synthesized molecules are obtained to reach
the spectroscopic signature of the compounds. A and B molecules
consist of 32 and 42 atoms, respectively. Moreover, they vibrate
under 90 and 120 normal modes, respectively. The vibrational
spectra of FT-IR calculated by using DFT method utilizing 6-31G(d)
basis set and experimentally are plotted in Figure S1 (a), (b), (c) and
(d) for the Compound A and B, respectively, as supplementary
materials.

The Compound A has 90 vibrational normal modes: 31 modes
are stretching vibration, 30 modes are bending vibrations and the
others 29 modes are torsional vibration modes. Additionally, 30 CH
modes take part in the vibrational behavior. As for the Compound B
is considered, 120 fundamental modes are constituted: 41 modes
are stretching, 40 modes are bending and the rest (39 modes) are
torsional modes. This molecule includes 45 CH modes. The results
of FT-IR calculations are consistent with those of the experimental
data after applying the scale factors to the theoretical values, as
seen in Tables S3 and S4 provided as supplementary materials.

It is important to handle some fundamental vibrational modes



Fig. 2. The optimized structures of Compounds A (a) and B (b) with the atomic numbering scheme, respectively.

Table 1
Comparison of the experimental data and theoretical FT-IR values obtained from DFT and HF methods for XeH (X:O, N), AreH, Alip-H, N]N groups in A and B molecules.

Experimental FT-IR (cm�1) DFT/B3LYP/6-31G(d) HF/6-31G(d)

nX-H nAr-H nAlip-H nN]N nX-H nAr-H nAlip-H nN]N nX-H nAr-H nAlip-H nN]N

Compound A 3360 (OH)
3150 (NH)

2880
2790

2360 1520 3572 (OH)
3328 (NH)

3108 3031
2949

1441 3652 (OH)
3440 (NH)

3060 2975
2891

1465

Compound B 3440 (OH)
3300 (NH)

3200
3120

3000
2740

1500 3543 (OH)
3481 (NH)

3106
3099

3034
2951

1439 3657 (OH)
3504 (NH)

3059
3046

2972
2922

1451

Table 2
Comparison of experimental 1H NMR chemical shifts and the theoretical corresponding values calculated fromDFTand HFmethods for Alip-H, Aro-H, XeH (X:O,N) groups in A
and B molecules.

Experiment 1H NMR (d, ppm, DMSO‑d6) DFT/B3LYP HF

Alip-H Aro-H XeH Alip-H Aro-H XeH Alip-H Aro-H XeH

Compound
A

2.90 (d. 6H
CH3)

5.69e7.37 (m.
4H)

10.31
(NH2)
12.86 (OH)

2.46e2.96 (d. 6H
CH3)

6.23e7.29 (m.
4H)

3.05e6.43
(NH2)
4.43 (OH)

2.17e2.55 (d. 6H
CH3)

6.19e7.75 (m.
4H)

3.08e6.16
(NH2)
4.82 (OH)

Compound
B

2.93 (d. 6H
CH3)

6.23e7.94 (m.
9H)

13.18
(NH2)

2.50e2.96 (d. 6H
CH3)

6.23e7.33 (m.
9H)

3.43e6.39
(NH2)
5.62 (OH)

2.19e2.55 (d. 6H
CH3)

6.22e7.41 (m.
9H)

3.48e6.21
(NH2)
5.81 (OH)
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Fig. 3. Tautomeric forms of Compounds A and B.
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observed in the Compounds A and B. Table 1 presents some sig-
nificant assigned fundamental vibrational modes computed from
DFT and HF methods. The corresponding experimental results are
also listed in Table 1 to compare them with the theoretical results.
The vibrational wavenumbers and IR intensity calculated from DFT
and HF, and the assignments of IR vibration modes for the title
compounds are given in Tables S3 and S4, as supplementary
materials.

The FT-IR spectrum of Compound A shows that eOH, eNH, ar-
omatic (AreH) and aliphatic (Alip-H) bands are observed at
3360 cm�1, 3150 cm�1, 2880-2790 cm�1 and 2360 cm�1, respec-
tively. The corresponding DFT/B3LYP predictions of these bands are
obtained as 3572 cm�1, 3328 cm�1, 3108 cm�1 and 3031-
2949 cm�1, respectively. These four bands are evaluated as
3652 cm�1, 3440 cm�1, 3060 cm�1 and 2975-2891 cm�1 by using
the HF method, correspondingly. The FT-IR spectra of azo (N]N)
band is measured as the value of 1520 cm�1 and it is calculated as
1441 cm�1 (DFT) 1465 cm�1 (HF). On the other hand, the FT-IR
spectra of B compound shows eOH band at 3440 cm�1,eNH band
at 3300 cm�1, aromatic (AreH) band at 3200-3120 cm�1 and
aliphatic (Alip-H) band at 3000-2740 cm�1. The predictions by DFT
method for eOH, eNH band, aromatic (AreH) and aliphatic (Alip-
H) bands are calculated as 3543 cm�1, 3481 cm�1, 3106-3099 cm�1,
3034-2951 cm�1, respectively, while those by HF method for are
founded as 3657 cm�1, 3504 cm�1, 3059-3046 cm�1 and 2972-
2922 cm�1, respectively. The FT-IR spectrum of azo (N]N) band
measured as 1500 cm�1 is confirmed by its ab-initio calculations
predicted as 1439 cm�1 (DFT) and 1451 cm�1 (HF). When the 29 H
atom in Molecule A is replaced by benzene ring, the vibrational
frequencies of the NeH and OeH bands are increased, those of N]
N and OeH bands do not chance much in the calculations.

Linear regressions between the experiment and computations
are fulfilled by using the linear equation of y ¼ Axþ B, where A and
B are fit constants. The correlations between the experimental and
theoretical frequencies calculated fromDFT/B3LYP for Compound A
and B are linear, as shown in Figure S2 (a) and Figure S3 (a) as
supplementary materials. The fitting parameters are given in the
following equalities: y ¼ 0:8460xþ 219:0989 ðR2 ¼ 0:9091 Þ and
y ¼ 0:8394xþ 230:9081 ðR2 ¼ 0:9384), respectively. The linear
regression between the experiment and the calculation by HF
method are also illustrated for A and B molecules in Figure S2 (b)
and Figure S3 (b) as supplementary materials, respectively. The
results of FT-IR calculated from HF method for Compound A and B
are more convenient with the measured values than those by DFT
method, as shown in the following equations:
y ¼ 0:8460xþ 182:4846 ðR2 ¼ 0:9695 Þ and
y ¼ 0:8981xþ 255:6069 ðR2 ¼ 0:9515), respectively.

4.5. NMR spectra

The use of 1H and 13C NMR spectroscopies allows ones to
characterize the structures of A and B molecules further. The 1H
NMR spectra of the Compound A and B are measured in the me-
dium of DMSO. 1H NMR spectra observed for both molecules are
given in Fig. 4. The Compound A shows broad peaks at 10.31 ppm
(NH2), and 12.86 ppm (OH) for pyrazole. Moreover, the other
chemical shift values of 7.37e5.69 ppm (aromatic H) and 2.90 ppm
(aliphatic H) are recorded. As for the Compound B, the main peaks
are placed at 13.18 ppm, 7.94e6.23 ppm and 2.93 ppm for the
pyrozoles of NH2, aromatic H and aliphatic H, respectively.

1H and 13C chemical shift calculations based on GIAO-DFT and
GIAO-HF methods with respect to TMS are performed in the me-
dium of DMSO. Our simulation results of the 1H chemical shift
values for the Compounds A and B are listed in the Table 2, along
with the corresponding experimental data. As seen in Table 2,
experimental chemical shift values of aromatic and aliphatic groups
are compatible with the theoretical chemical shifts, except for
those of NH2 and OH peaks which resonate at different regions
because of tautomerization. The 1H NMR calculated from both DFT/
B3LYP and HF methods for the Molecules A and B are provided in
Table S5 along with the experimental data, as a supplementary
material. For Molecule A, 13C NMR chemical shift values computed
by DFT/B3LYP and HF. The 13C NMR values computed from HF
method are indicated by parentheses next to the data calculated
from DFT method. 133.64 (134.42), 98.98 (90.95), 101.36 (101.18),
128.88 (120.37), 117.00 (115.43) and 97.92 (90.21) ppm are



Fig. 4. The experimental 1H NMR spectrum for a) Compound A and b) Compound B.
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dedicated to phenyl carbons (C1eC6), as listed in Table S6, as a
supplementary material. Additionally, pyrazole carbons (C12, C13
and C16) and methyl carbons (C9 and C10) are resonated at 100.23
(85.66), 125.52 (131.26), 142.68 (144.12), 32.44 (20.35), 32.53
(20.39) ppm, respectively. As for Molecule B, the chemical shifts of
133.78 (134.88), 99.02 (90.56), 101.04 (101.19), 128.34 (119.59),
117.68 (116.33) and 97.82 (89.86) ppm are contributed by phenyl
carbons (C1eC6). Furthermore, the resonances of 101.90 (86.78),
123.06 (129.10) and 144.24 (144.62) ppm are attributed to the
pyrazole carbons (C12, C13 and C16). The phenyl carbons bonded to
the pyrozole ring are resonated at 125.14 (121.26), 104.48 (100.41),
115.36 (111.72), 111.67 (106.94), 116.27 (112.61) and 108.64 (103.76)
ppm is also dedicated to phenyl carbons which bonded to the
pyrazole ring while 32.54 (20.37) and 32.43 (20.40) ppm are
assigned to methyl carbons (C9 and C10).

4.6. UVevis spectra

UVeVis spectrophotometer uses visible and ultraviolet light to
characterize the structure of chemical material. It is used to mea-
sure the wavelength of light absorbed via compound. Therefore,
this technique provides molecular structure of a compound as well
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as the related information. UVeVis absorption spectra obtained by
experiment and TD-DFTcomputations are presented in Fig. 5. As we
see in, the experimental absorbance spectra show a main peak at
different wavelength for five different solvents with different po-
larities (methanol, acetic acid, dimethylsulphoxide, chloroform and
dimethylformamide), while the effect of solvents on the wave-
length at the maximum absorbance (lmax) are not displayed
significantly.

When the UV spectrum of Molecule A is examined, two
maximum absorption bands are observed in all solvents except
methanol. It has been found that the first lmax values of DMSO and
acetic acid show more bathochromic shifts and the corresponding
value of DMF is more hypsochromic shift than that of chloroform.
On the other hand, the second lmax value of acidic acid shows more
bathochromic shift, while those of the rest present more hyp-
sochromic shifts than that of chloroform. As dealt with Compound
B, although a double maximum is observed in acetic acid and
chloroform, the spectrum display a single peak in the solvents of
DMSO, DMF and methanol. The hypsochromic shifts are dominant
in all solvents except for chloroform. As we are interested in the
wavelengths of the first maxima, chloroform shows more bath-
ochromic shift than acetic acid.

The results of lmax computed from TD-DFT for Compound A and
B in the different solvents are given in Table 3, where they are
compared with those of experiment. The ab-initio results are in
good agreement with those of experiment, as seen in Table 3. It
revealed that from the table that Molecule A and B absorb light at
the wavelength of about 410 nm and 430 nm, respectively.
Fig. 5. The experimental and theoretical (predicted by using DFT/B3LYP) absorption spectru
DMF, chloroform and acetic acid.
4.7. Frontier molecular orbital (FMOs) analysis

Molecular orbitals (HOMO-LUMO) and their energies are very
important parameters for quantum chemistry. They can also pro-
vide an important insight into workings of organic reactions and
controlling the outcome of reactions [28]. HOMO and LUMO stand
for the highest occupied molecular orbital and the lowest unoc-
cupied molecular orbital, respectively. The energy difference be-
tween the HOMO and LUMO molecular orbital is called as HOMO-
LUMO band gap, an important value for the stability condition for
the compounds. HOMO and LUMO acronyms are known as the
frontier molecular orbitals (FMOs) and they also play an important
role in determining the optical and electrical properties of mole-
cules. HOMO represents the ability to donate an electron, while
LUMO corresponds the ability to receive an electron. To investigate
the energetic behavior and the stability of the Compounds A and B,
the electronic calculations are carried out by using both DFT and HF
methods. The HOMO-LUMO energy gaps computed from DFT
method for both compounds are shown in Fig. 6. Table 4 presents
total energies, HOMO and LUMO energies, HOMO-LUMO band gaps
(DE) and dipole moments (m) predicted by DFT and HF methods.
LUMO energies calculated from DFT for the Compounds A and B
are �1.2817 eV and �1.5864 eV in gas phases, respectively. HOMO
energies predicted from DFT method for the Chemical materials A
and B are found as �4.6939 eV and �4.8382 eV, respectively. The
energy gaps of the HOMO-LUMO for the Compounds A and B are
calculated as �3.4150 eV and �3.2518 eV by using DFT method, as
shown in Fig. 6.

The energy gap of HOMO-LUMO explains the eventual charge
m (UVevis) of Compounds A and B in the five different solvents of methanol, DMSO,



Table 3
Thewavelength representingmaximum absorbance lmax (nm) calculated by DFT/B3LYPmethod for the Compound A and B in the solvents of DMSO, DMF,methanol, acetic acid
and chloroform, compared with corresponding experimental results.

lmax (nm)

Experiment DFT calculations

DMSO DMF Methanol Acetic Acid Chloroform DMSO DMF Methanol Acetic Acid Chloroform

Compound A 472e356 448e336 470 492e386 476e338 413 413 410 409 409
Compound B 466 460 472 470e392 482e320 432 434 429 428 430

Fig. 6. The schema displaying the frontier molecular orbitals (HOMO and LUMO) computed via DFT/B3LYP method in the gas phase for a) Compound A and b) Compound B.

Table 4
The energy values E (eV), HOMO-LUMO gap energy DE (eV) and dipole moment m (D) calculated from DFT and HF methods for Compounds A and B.

Compound A Compound B

DFT HF DFT HF

Etotal (eV) �22619.7151 �22481.051 �28907.1122 �28727.3809
EHOMO(eV) �4.6939 �6.7783587 �4.8382 �7.0995
ELUMO (eV) �1.2817 �2.8735234 �1.5864 �2.3592
DE HOMO-LUMO gap (eV) �3.4150 �3.9075565 �3.2518 �9.4587
Dipol moment, m (D) 3.2828 3.6215 5.8686 5.4351
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transfer interaction within the molecule. The HOMO predicted for
the molecule A is distributed on the whole molecule while LUMO is
localized on the coloring azo function (-N]N-) as shown in Fig. 6
(a). As for Molecule B HOMO and LUMO charges are distributed
on the whole molecule, as shown in Fig. 6 (b).
5. Conclusion

The structural and some spectroscopic properties of two mono
azo dyes are synthesized in this work are identified by performing
the measurements of FT-IR, 1H NMR and UVeVis spectra and
accomplishing their ab-initio calculations based on DFT and HF
methods. Solvatochromic properties of these new molecules are
evaluated from their visible absorption properties displaying in the
solvents of chloroform, acetic acid, methanol, DMF and DMSO. The
geometries of the mono azo dyes are optimized through both DFT/
B3LYP and HF methods including the basis set of 6-31G(d). The
bond lengths, bond angles and dihedral angles are obtained as
structural properties by employing these quantum computational
methods. The fundamental vibrational modes of the mono azo dyes
are assigned. The vibrational frequencies computed from DFT and
HF methods show similar behavior with the results obtained from
the experiment. The computational values of the harmonic fre-
quencies deviate slightly from the experimental data. The
disagreement between the values of computations and those of
measurements may be due to neglecting of the anharmonic effects
and the general tendency of the quantum chemical methods to
overestimate of the force constants at the equilibrium geometry.
The correlation between the calculation and experimental FT-IR
data is provided by fitting our data to linear equations for two
molecules. It can be reported that the theoretical frequencies
calculated from the DFT and HF methods are convenient with the
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observed data, because the regression coefficients get approxi-
mately unity. The positions of hydrogen and carbon atoms of mono
azo dyes synthesized in this study are determined by means of the
computed 1H and 13C NMR chemical shifts as well as corresponding
experimental values of 1H NMR. The analysis of the UVeVis spec-
trum for new mono azo dyes are performed by utilizing not only
experimental methods but also quantum chemical computational
methods. The observed wavelength representing the maximum
absorbance in the UVeVis spectrum varies with the solvents, while
the corresponding values calculated don't show remarkable
change. Our UVeVis spectrum indicates that theoretical values of
lmax agree well with the experimental data. The electronic prop-
erties of two molecules are revealed by fulfilling frontier molecular
analysis. To our knowledge, our results obtained experimentally
and theoretically are presented in the study for the first time. It can
be reported that DFT/B3LYP and HFmethods with the basis set of 6-
31G(d) are powerful tools to study the structural, vibrational and
electronic properties of mono azo dyes chemical materials.
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