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Abstract

4-({4-[Bis(2-cyanoethyl)amino]phenyl}diazinyl)benzene sulfonamide is the azo dye material
which has general application in the textile industry. Experimentally, it has been synthesized
and geometrically characterized by G. Gervasio et al. In this study, the theoretical analysis has
been calculated by using the ab-initio method based on the Density Functional
Theory/B3LYP/6-311G(d,p) to characterize the structural, spectroscopy, and electronic
properties of the title azo dye. Its molecular geometries are in the good agreement with those
of available experiment data. 129 vibrational modes have been specified with stretching, in-
plane-bending, out-of-plane-bending, and torsion vibration modes by the Potential Energy
Distribution analysis. The ultraviolet spectra appear in single peak for six common solvation at
~429 nm. The Gauge-Invariant Atomic Orbital approach has been applied to predict the
chemical shifts of *H and **C NMR only in DMSO solvation. The electronic properties have
been investigated such as the energy bandgap (3.34 eV), ionization potential energy (6.24 eV),
electron affinity (2.90 eV), electronegativity (4.57 eV), and chemical hardness (1.67 eV) by
using the Frontier Molecular Orbital Theory from the energy interaction of the Lowest
Unoccupied Molecular Orbital and Highest Occupied Molecular Orbital. The characterization
of the title azo dye is conducted theoretically for the first time in this study.

Keywords: Density functional theory, UV-Vis absorption, chemical shifts, electronic
properties, azo dye.

1. Introduction

4-({4-|Bis(2-cyanoethyl)amino]phenyl}diazinyl)benzene sulfonamide or C1gH1sNsO2S is one
of the azo dye family that consists of Nitrogen double bonds [1]. Generally, there is not a
standard definition of the term developing azo dye because it can be synthesized from any fiber.
However, more than 100.000 different types of azo dye are currently used in recent technology
and industrial applications [2] such as in biomedical applications [3], catalyst [4], laser
technology [5], industrial dyes [6], degradation material [7], etc.

Experimentally, the title azo dye has been synthesized by G. Gervasio, et al (2010). They have
obtained its crystal structure by X-Ray measurement and reported the geometrical parameters
of bond length, bond angle, and dihedral angle [8]. However, some spectroscopic and electronic
properties have not been measured yet. Therefore, in this study, we have aimed to characterize
the title azo dye, 4-({4-[Bis(2-cyanoethyl)amino]phenyl}diazinyl)benzene sulfonamide, by
utilizing the quantum chemical computational methods to understand their chemical and
physical properties at the atomistic level.
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The computational quantum chemistry is a powerful theoretical method to combine the power
of computational technique and the foundation of physics principles to solve and understand
chemical problems. This method can simplify and solve many-body electron problems by
adding quantum interactions and using some quantum approximations [9]. The effectiveness of
the method for azo dye molecules has been confirmed in many studies. Ab-initio calculations
have been performed to investigate the potential near-infrared absorbing structures of 2-
imidazolyl-2-thiazolyl azo compounds [10]. Funar-Timofei et al. (2012) have aimed to simulate
modeling heterocyclic azo dye affinities for cellulose fiber in their study [11]. Atay et al. (2019)
have clarified the structural and spectroscopic properties of mono azo dye by performing ab-
initio simulations based on density functional theory (DFT) [12]. More recently, some structural
and vibrational properties of the azo dye materials have been identified by the ab-initio method
based on DFT/B3LYP [13].

In our study, we have performed the ab-initio simulations based on DFT/B3LYP to reveal some
spectroscopic and electronic properties of the title azo dye whose structural parameters have
been obtained experimentally. The structural parameters have been acquired in terms of bond
length, bond angle, and dihedral angle. To validate our results of structural parameters, we have
compared them with those of the experiment by using linear regression analysis [14]. The
vibrational frequencies and their fundamental modes have been evaluated by calculating FT-IR
spectra [15]. UV-Vis absorption spectra of the title azo dye in the excited state have been studied
for six common solvation such as water, methanol, ethanol, chloroform, dichloromethane, and
dimethyl sulfoxide (DMSO) to see the effect of solvation on the absorption peaks by utilizing
time-dependent TD-DFT/B3LYP/6-311G (d,p) method [16]. The chemical shifts of *H and 3C
NMR of the title azo dye have been predicted by using GIAO-DFT/B3LYP/6-311G(d,p)
method [17]. Electronic properties such as energy bandgap (Eg), ionization potential
energy (IP), electron affinity (EA), electronegativity (x), and chemical hardness () have
been obtained from HOMO-LUMO relations by using the Frontier Molecular Orbital Theory
(FMO) [18]. To the best of our knowledge, the results obtained from the DFT computations
are done for the first time, in this study.

2. Computational Method

This research is based on quantum chemical calculations based on the ab initio method, which
is a computational method without needing any empirical information about the molecular
system [9]. The global energy minima of the title molecule has been obtained by optimizing the
molecular structure at the level of the ab-initio method based on DFT within B3LYP exchange-
correlation functional (which represents Becke 3-parameter, Lee-Yang-Parr) [19, 20]
implemented in the Gaussian 09 Package Program [21, 22]. The electronic-wave function used
in DFT is described by 6-311G(d,p) basis set in this study. Figure 1 (b) shows the optimized
molecular structure of the azo dye molecule with the atomic numbering as well as the schematic
view of the synthesized molecule structure. FT-IR (Fourier Transform Infrared Radiation)
spectral analysis has been carried out to identify the fundamental vibrational modes of the
optimized molecule by utilizing the same method and the basis set. Potential Energy
Distribution (PED) for each of the vibrational frequencies has been computed via VEDA4
(Vibrational Energy Distribution Analysis) program designated the character of each mode
numerically [23, 24]. It has become customary to multiply the vibrational frequencies by the
scaling factor of 0.966 for 6-311G(d,p) basis set because the DFT method overestimates the
vibration modes [25]. Time-dependent density functional theory (TD-DFT)/B3LYP based
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simulations have been fulfilled to provide UV-Vis spectrum in the excited state in six different
solvation of water, methanol, ethanol, chloroform, dichloromethane, and dimethyl sulfoxide
(DMSO) to understand the impact of solvation on the value of the absorption peaks of the title
molecule [26, 27]. The chemical shift of the title azo dye has been predicted by investigating
the hydrogen and carbon nuclear magnetic resonance (NMR). The Gauge Invariant Atomic
Orbitals (GIAO) method has been employed in the medium of DMSO to attain the *H and *C
NMR shielding constant [28]. Finally, we have investigated the Frontier Molecular Orbital
Theory (FMO) analysis to get HOMO-LUMO interactions leading to identifying chemical
hardness, chemical softness, ionization potential, electron affinity, electronegativity,
electrophilicity, and chemical potential of the title molecule [29].

NHz Hydrogen
Ob‘“““n‘:u J:"f 0“&”
g = -~
o 7 i .:\“\x\ .W w Carbon
\:;:;.//)\ . W‘w “*\v . Nitrogen
!i v w
;q\ v “ > @ Ox=n
/ I,/" ] & w U\ Sulfiar
& '/ vk wv
N v o
N -———CN . oY
] @ w o @
e
on e 4

(@) (b)

Figure 1. (a) Schematic view of synthesized molecule [8] and (b) the optimized structure of the title
azo dye via GaussView 5.0 program.

3. Result and Discussion
3.1. Optimized structure

The structure of the title azo dye has been simulated to be achieved its stable structure. Thus,
the optimized structure in the ground state has been visualized in three dimensions by using
Gauss View 5.0 program. The calculations conducted by using DFT/B3LYP with 6-311G(d,p)
basis set are used to predict the structural parameters and vibrational frequencies [30]. The
optimized structure of the title azo dye, shown in Figure 1, has 45 atoms (18 carbons, 2 oxygens,
6 nitrogens, 1 sulfur, and 18 hydrogens) and owns 129 fundamental vibrational modes. The
structural parameters such as bond length, bond angle, and dihedral angle of the title azo dye
are given in Table 1, along with those of the available experiment. As seen in the table, it has
46 bond lengths, 74 bond angles, and 99 dihedral angles, respectively.

Received 19 August 2022; Received in revised form 6 September 2022; Accepted 14 September 2022;
Available online 25 September 2022;
doi: 10.46291/ICONTECHYvol6iss3pp12-29

Page 14


http://icontechjournal.com/index.php/iij

ICONTECH INTERNATIONAL JOURNAL OF SURVEYS, ENGINEERING, TECHNOLOGY
ISSN 2717-7270

Journal homepage: http://icontechjournal.com/index.php/iij

Volume 6 (2022) Issue 3

A linear regression analysis has been ensured to examine the correlation between the
experiment and the DFT simulation. Linear regression is provided by the linear equation of y =
ax + b, where a and b are the fit parameters [14, 31]. The result is depicted in Figure 2. The
regression values of bond length and bond angle are calculated as 0.968 and 0.926,
correspondingly, which indicates that our DFT results of structural parameters are in excellent
agreement with those of the experiment.
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Table 1. The opiimized geometrical parameter of
the title molecule in the ground state employing

Table 1. (Continned)
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3.2. FT-IR and Vibrational Modes

Yy T"’F T
DFT/B3LYP/6-311G(d.p)
—— C18H18Ng0O2S

% Transmittance

4000 3500 3000 2500 2000 1500 1000 500 O
Wavelength (cm™)

Figure 3. FT-IR Spectra of the title azo dye simulating by DFT/B3LYP/6-311G(d,p).

The determination of the vibrational frequencies employing quantum chemistry methods is
becoming an increasingly important tool. Theoretically predicted frequencies can provide ones
to determine the fingerprints of the chemical compounds [32]. It also shows important
information about the nature of the chemical and molecular bond, intramolecular forces acting
between the atoms, and intermolecular forces in the condensed phase. A molecule can vibrate
in many ways, and each way is called a vibrational mode [33, 34]. The vibrational modes can
be defined as a way of vibrating when applied to a system that has several points with different
amplitudes of deflection [35]. The absolute IR intensities of the transmittance for the optimized
structure as a function of harmonic vibrational wavenumbers are attained by DFT/B3LYP/6-
311G(d,p). The infrared spectrum is given in Figure 3 with 45 atoms and 129 fundamentals
vibration modes. The normal mode assignments of the vibrational modes are performed by
combining the GAUSSVIEW 5.0 package software and VEDA4 programs [36]. Table 2
collects some specific and important vibrational modes, as well as the assignment of
fundamental vibrational modes. The experimental measurements of fingerprint regions for the
title azo dye considered in this work are compared with the theoretical data obtained from the
guantum chemistry method. Some important vibrational modes can be analyzed such as
vibration between nitrogen and hydrogen (v NH) band in the region of 3525 — 3411 cm™,
vibration aromatic between carbon and hydrogen ( vag NH) band in the region of 3111 — 3021
cm?, and vibration between nitrogen double bond (v NN) band in the region of 1496 - 1448
cmt. As seen in Table 2, these vibrational modes are found in these regions by using the
computational quantum chemistry method used in this work.
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Table 2. Vibrational modes of the title azo dye computed
by DFT/B3LYP/6-311Gi{d,p) in the vnit of cml IR
intensities (k. mol™!) and assignment with PED
{obtamed from DFT/B3LYP/6-311G{d,p)) percentage in
the brackets with scale factors as 0.967.

Table 2. (Continued)

Fre i
Mod q = Assignment

Unscaled Scaled [PED]=10%

1 10950 105900 36700 t©NNCC (51)
+1 CCNN
(23)

2 16500 159600 17400 tCCCC (16)
+ 1 CNNC
@+7
CCCN (15) +
¥ CCNC (13)
+ ¢ NCCC
(10)

3 27930 27.0100 46000 &NNC (11)+
5 CNN (11) +
© CCCN (28)

4 32280 312100 03200 ©CNNC(12)
+1 CCCN
(17)+x
CCNC (24)

5 39170 37.8800 14400 tCNCC (11)
+TNSCC
(17)

6 44320 428600 08900 TCCCN (15)
+TNSCC
(34)

7T 49250 476200 0.1400 TNNCC(11)
+1 CCCN
(20)+ 1
NSCC (20)

8 63720 616200 26000 t©CCNC(18)

9 74310 718600 82500 t©CCCN (34)
+1 CNCC

(30)
10 90.020 870500 19800 tCCCN(32)

11

13

14

15

16

17
18
19

20

21
Py

23
24
25
26

7

108.95

120.45

130.76

206.14
23131
23915

261.83

LI R )
—_ =]
[
L oo
Ll =]

33434
35410
37426
38201

388.27

105350

116.470

126.440

147.610

158.810

169800

199340
24 640
231.260

253.190

288.720
304.900

23.500
342410
382.590
370270

375460

5.1700

3.7100

6.1200

8.9600

8.0100

1.5100

0.2700
2.7500
9.6000

10.7a0

3.1800
3.7100

4.1800
17.080
9.2000
0.3800

0.4300

T CCCN (20)
+1 CCNC
(37)

& CCN (10) +
3 CCC (14)

& NSC (17) +
T CCNN (12)
+v 8CCC
(22)

& NCC (17) +
3 CCC (34)

5 8CC (30) +
¥ ONCS (12)

& CCC (10) +
T CCNN (13)
+1CCCC
(10)

T CCCC (10)

5 NCC (12)

& NSC (28) +
T CCCC (18)
5 OSN (14) +
T HNSC (26)
+THNSC
(13)

5 CCN (40)

5 NCC (12) +
5 CNC (15)

v §C (14)

T HCCN (51)
+1NCCC
(26)

T HCCN (48)
+1NCCC

(24)
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Table 2. (Continued)

p

o
J
31

hoOE @

il

18665

413.18
42219
43585

448,79

B17.72

B1E.84

383.560

355540
408.260
421.470

433.980

437.200
459.820

467.200

434.350
513.540

326.210

347.680

$53.2530
330.360

600.530
620,220
£33.930
670.030

702.000
726.840
730.870

T46.080

790.730
781820

6.5200

76400
2.05200
2.9200

3.5%00

3.1600
11750

11.520

8.3100
11850

12.080

17370

32370

44793
0.6334
49406
21043

68367
10.817
12.133

5.1340

35.306
32458

5 OSN (16) +
BSCC(12) +
+ ONCS (24)
T COCC (123
T COCC (61)

5 CHE (14) +
T CCCC (11
5 O8N (19 +
+ ONCS (16)
5 CHE (1)
5NCC (10) +
5050 (21)

5 NCC (25) +
5 080 (10)

5 CHE (12

« HNEC (29)
++ ONOS
{10

5080 (10)+
+NCCC (15)
5 CCN (14) +
5 CNN (1) +
FNCC(11)

= CHNE (10)
+y BCCC
1D+
NCCC (21)

5 CCC (109
5NCC (15) +
5 CCC (1T1+
5 CCH (14)

+ ONOS (28)
5 CCC (65)

5 CCC (21 +
5 CCN (10)
vEC(14) 5
CCC (10)

1 CCCC (55)
+NCCC (14)

&CCC{I+
+MOCC (1
T HCHC (14)
+zHCCH
25+
MCCC (35)

v 2N 3T
vEN 23+
HCOCIH (19 +
THCOCC (200

Table 2. (Continued)

83

& o

:!.I

61

S

A

3 2

JR2 288

i

74

75

§22.24

34567
B48.68

835.70

87552

893.47

940.51

956.61
932.93

938.07

950.51

259.08
100467

100578
1012.53
1017.00
102323
104248

1073.23

1082.19

1102.76

113439

785,110

B17.760

g20.670

831.330

B46.630

B63.980

202.470

925.040
950420

953460

957.820

966.110
971.520

976440

972.120

933.438
991.397
1008.06
1037.81
104648

106637

108533

105744

18.050

39330
21970

17300

38410

(0.8000

5.4200
12.570

65.790

11900

135330
2.2000

22770

(0.6400

Lad0d
3.1800
12.300
1.0200
29380

S.4400

25960

v OO 28+
CC 20y 41
HCCC {107
T HCCH (81

v CC (107 +5
COC (19)

T HCCS (52)
+cHCCC
A7)

+ HCCS (51)
+yNOCe
(13}

vCC (1) +1
HCCHN (15) +
T NCCC (22)
vCC (1T +5
NHNC (16) + 5
COC (11} +5
CHN (16)

v CC (66)

+ HCCC (44)
+tHOCN
(15 +1
CCCC (1T
v CC(10) +v
MC (16)

+ HCCC (40)
+tHCCS
(40)

vCC 7L

T HCCC (47)
+1CCCC
(13}

v CC (42) + 1
HCCC (+10)
T HCCS (34)
+cHCCC
(49)

5 CCC (67)

5 COC (7T)

5 HIMS (85)
v OO (40) +v
S0 (31

5 HCC (15) +
+HCCH (21)
vCC(32) +5
HCC (46)

v 50 (60)
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76 114584 110803 54100 §HCC(38) 100 149766 144824 81460 NN (20)+5
HCC (15)

Table 1. (Continuad)
= e IS i ST 101 150435 145471 13430 GSHCHM)
. > . 1I"ICC ;E.,_:; o 10 152135 147134 2BERG6D W29 +&

78 117967 114074 212839 GHCC (33 HCC (12)
i o {3}_ 103 152872 147827 7.1100 &HCH(67)
79 119014 115087 67710 vNC(30)+58

Table 2. (Continued)

HCC (1) 104 154718 149612 38921 NN (1) +v
80 122216 118183 01800 vNC(2D)+5 NC{13)+%
HCC (11 C een I - e
81 123406 119334 71270 SHOC {14} + 102 1387.16 1533478 45 B30 & HNH (84)
+ HOCH (21) 106 159483 134230 22560 v CC(54)
82 1355 12445 41260 SHCC (30} 107 161213 153893 76700 vCC(S1)+&
83 127733 123566 119102 +NC{13)+5 CCC (10)
] HCC(21) 108 163300 157901 04400 v CC(35)
84 128444 124205 44700 ;I:Sg E}%’ +o 109 163046 159599 469.62 vCC(54)
85 130881 126562 12800 GHCC(O)+ 110 235817 228131 51800 wNC(3)+v
5HCH(16) + _ CC(10)
THONC 28) 111 236068 228278 14060 +NC(30)+v
+tHCCN ) . . cocan
(18) 112 304570 294519 28700 v CH(96)
86 131566 127224 12960 §HCC(80) 113 304570 294518 28700 v CH(ST)
87 132146 127785 TET720 G HCC 40+ 114 304812 294753 11000 v CH(9)
+ HCHC (25) - . et o . .
88 133438 129054 67380 +CC(30)+v 115 303684 293396 37390 vCH(3)
30 (30 116 308547 298363 09500 vCH(32)
89 134246 12916 84830 GHCC(3E) 117 3083.34 298662 38700 +CH(3R)
90 135227 130763 40680 vCC(10) 11§ S1024E 300010 13340 vNC Q0 +v
91 135564 131090 69360 v CC(13)+v CH(72)
30 (44) 119 312431 302121 76100 vCHSI)
2 136683 1311792 73300 GEICC(20) 120 318957 308431 3.9800 CH(3%)
93 139475 134872 33010 SHCC(D+ 121 319120 308585 13400 v CH(S4)
« HCNC (44) . . .
94 140165 135540 37417 GHCC 33+ 112 319445 208307 00600 ~CHEET
+HCNC (32 123 319886 309230 12530 v CH(S8)
% 142533 138263 24140 vOCQD) 135 321348 310744 89300 v CH(S0)
7 146354 141363 43320 ‘I'_IEE ﬁég 1 5 126 321546 310935 21980 v CH(E)
4] - -
HCH(11) 127 321680 311065 03900 vCH(5)
98 146549 142100 15780 GSHCH(7L) 128 332787 341145 37780 +NH(100)
99 147636 142783 66700 GHCH(TT) 129 364540 352510 29840 +NH (100)

3.3. UV absorbance

Absorption spectra are the beam reduction measurement after it has been reflected from a
sample surface or passed through a sample. When ultraviolet and visible light is sent into the
material, the atoms go into excitation states. In this case, it absorbs some part of the light. This
method measures the wavelength at which it absorbs light [37, 38]. Therefore, this method can
be used to characterize the structure of chemical material [15]. The energetical stability of the
azo dye is strongly dependent on the nature of the media or the solvation. Therefore, in this
work, the absorption spectra of the title molecule have been studied in different solvation such
as water, methanol, ethanol, chloroform, dichloromethane, and DMSO. The results are
displaced in Figure 4. As shown in the figure, the absorbance spectra reveal the main peak at a
similar wavelength for six different solvation. However, we have seen that the solvation does
not have a strong effect on the wavelength at the maximum absorbance (A,,.x). The values of
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the maximum absorbance for six solvation are summarized in Table 3. As seen in the figures,
the absorption spectrums in all solvation are very close to each other for the compound. When
the theoretical UV spectra for the title azo dye are examined, a single peak is observed in all
solvation. There is no tautomer change in different solvation and the structure of the compound
is not changed. The UV peak at 400-500 nm indicates that the compound is colored and that
there is a chromophore group in its molecular structure.

Table 3. The wavelengths at the maximum absorbance (4,,ax) for different solvation.

No  govation Anax (NM) No Solvation Anax (NM)
1 Water 429.14 4 DMSO 431.36
2 Methanol 428.31 5 Dichloromethane 428.26
3 Ethanol 428.97 6 Chloroform 425.68

I Water

Ill‘.lcthal IU:
Ethanol
/\ DMSO

= Dicloromethane

[
= Cloroform

\
g \

Absorbance (%)

i e
v / | 5
Y / z &
—
200 300 400 500 700
Wavelength (nm)

Figure 4. Absorption spectra of the title molecule obtained by TD-DFT/B3LYP/6-311G(d,p) for
different solvation.

Carbon and Hydrogen NMR Spectra

Nuclear Magnetic Resonance (NMR) spectroscopy is remarkable tool for providing the
valuable information on crystallography or structure of the molecules [39, 40]. Therefore, *H
and *C NMR chemical shifts can be used as the chemical group characterization of the
molecule [41, 42]. The type of spectrum observed depends on the activation energy separating
the molecules (which determines the lifetimes of the states) and the chemical shift difference.
The computations of *H and *C chemical shifts with respect to Tetramethyl-silane (TMS) are
performed as implemented GIAO approach at the level of B3LYP and DFT method with 6-
311G (d,p) basis set of the title azo dye in the medium of DMSO [43, 44]. The results of the H
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and '3C chemical shifts are listed in Table 4. According to the results of the *H -NMR
calculations for our title azo dye; while the peak of CH> protons is observed in the region of
3.97 and 2.28 ppm, the peak of the protons in the aromatic rings is between 8.20 — 6.98 ppm
and the peak of the proton bound to N is 3.73 ppm.

Table 4. The chemical shifts of *H and 3C NMR in the medium of DMSO by employing
TD-DFT/B3LYP 6-311G(d,p) (all values in ppm).

13C-NMR (ppm) 'H-NMR (ppm)
Atomic Symbol DFT/B3LYP/6-311G(d,p) Q;ﬂ:g'oﬁ DFT/B3LYP/6-311G(d,p)
C6 158.69 H8 8.20
C24 154.81 H21 8.20
Cc1 151.52 H28 8.10
C19 148.62 H5 8.08
C20 142.11 H10 7.99
C7 136.56 H3 7.83
co 130.63 H23 6.98
C2 129.98 H26 6.68
C44 123.58 H32 3.97
C36 121.46 H31 3.77
c27 119.23 H39 3.76
c4 116.54 H16 3.75
c25 114.73 H15 3.73
C22 114.02 H40 3.47
C30 50.470 H43 2.74
C38 48.680 H35 2.62
cal 15.860 H34 2.39
C33 13.150 H42 2.28

Labels of the atoms in this table are given according to figure 1 used in the assignment of the chemical
shift

HOMO-LUMO Energy and Electronic Properties

Determining the molecular structure and energies makes it easier to control the chemical
reactivity behavior of molecules using the Frontier Molecular Orbital (FMO) Theory [18].
FMO Theory is an efficient method of obtaining the HOMO-LUMO interaction The difference
between the HOMO (the highest occupied molecular orbital) and LUMO (the lowest
unoccupied molecular orbital) orbital levels defines the energy bandgap, which is an important
parameter in assigning the electrical and optical properties of the material [45, 46, 47].
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Figure 5. (a) Schematic view of HOMO-LUMO (Enomo - ELumo) and energy bandgap (Eg) and (b)
the values of some electronic properties: the ionization potential energy (IP), electron affinity (EA),
electronegativity (), chemical hardness () and global electrophilicity index (w).

The electronic structure parameters of the molecules such as the ionization potential energy
(IP) [48], electron affinity (EA) [49], electronegativity (x) [50], chemical hardness () [51],
and global electrophilicity index (w) [52] have been computed from the values of HOMO-
LUMO interactions to collect the valuable information about the reactivity of the title
compound in this study. The schematic view of HOMO-LUMO levels and energy bandgap, and
the values of the electronic properties are presented in Figure 5. The values of HOMO and
LUMO levels are evaluated as -6.24 eV and -2.90 which gives rise to calculating the energy
bandgap (Eg) as 3.34 eV. This value which is greater than 1.50 eV ensures that the molecule is
thermodynamically stable and prevents it from polymerizing.

The ionization potential energy (I = -EHomo) represents the minimum energy required to take
away an electron from the molecule, while the electron affinity (A = -ELumo) is the energy
gained when an electron is added to the system. Electronegativity ( y = (I + A)/2) measures
the value of the attraction of an atom for bonding the electrons in the molecules. Chemical
hardness (n = (I — A)/2) shows the degree of the resistance to charge transfer in the molecule.
The global electrophilicity index (w = y?/2n) evaluates the tendency of electron acceptors to
gain the additional electronic charge. It can be obtained from DFT computations that this
molecule has high ionization potential energy of IP = 6.24 eV, a high electron affinity value
of EA = 2.90 eV, a strong electronegativity y = 4.57 eV, and low chemical hardness n =
1.67 eV.
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Conclusions

In this study, the structural and spectroscopic properties of 4- ({4- [Bis (2-cyanoethyl) amino]
phenyl} diazinyl) benzene sulfonamide (C;gH,3Ng0,S) azo dye have been investigated by
using DFT/B3LYP method with the basis set of 6-311G(d,p). The linear correlation between
the experiment and the DFT method for the structural properties such as bond length and bond
angles has been calculated. FT-IR analysis shows that title azo dye owns 129 vibrational normal
modes including mainly stretching, bending, and torsion mode. The absorbance spectra have
been obtained in six different solvation by using the method of TD-DFT/B3LYP. It is shown
that the solvation has not a significant effect on the absorption peaks. The absorbance peaks
appear at the wavelength of ~428 nm. Moreover, H and 3C chemical shifts concerning TMS
have been identified to characterize the title compound. Finally, HOMO-LUMO energy values
for the title compound reveal the electronic behavior of the title azo dye, such as high ionization
potential energy, electron affinity, and electronegativity, but with low chemical hardness. In
the future, it is expected that the results of this study will lead to experimental studies and will
be used as supporting data.
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