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ARTICLE INFO ABSTRACT

Keywords: The objective of the present work is to synthesize a new unsymmetrical dithizone chromophore 8 namely, (E)-5-
Unsymmetrical dithizone (4-nitrophenyl)-1-phenylthiocarbazone (C;3H11N502S) using simple chemistry reactions. Upon identifying its
DFT

chemical structure, the extensive computational, thermal, and experimental studies are devoted to investigate its
nonlinear optical (NLO) activity. The theoretical outcomes disclosed that the target chromophore 8 showed high
linear polarizability, a (esu), and first hyperpolarizability, f (esu), owing to the ability of aromatic rings to extent
electron density across 7—conjugation in a direction towards the NO; substituent as a potent acceptor group. The
molecular electrostatic potential (MEP) diagram, time-dependent density-functional theory (TD-DFT), Mulliken
charges, and natural bond orbital (NBO) investigations are addressed theoretically. The thermal properties of the
target chromophore 8 are studied through the assessment of its thermal conductivity (K), viscosity (1), and
specific heat capacity (cp) in addition to simulation of its thermal diffusion using a Finite difference method
through solving the 2D transient heat conduction equation. By irradiating the target sample with continuous
wave (CW) laser beams (473 and 532 nm), its NLO response is improved via the generation of diffraction patterns
(DPs). The simulation results of DPs via the use of Fresnel-Kirchhoff integral are obtained with good accord
compare to experimental results. For the target chromophore 8, the properties related to its all-optical switching
(AOS) are studied utilizing two CW visible laser beams. To have efficient materials for use in optoelectronic
devices, the work findings strongly encourage to conduct this chromophore for further experimental in-
vestigations in order to reach this goal.

Thermal properties
NLO activity
Diffraction patterns

1. Introduction

Due to impactful and fascinating applications that featured by
nonlinear optical (NLO) materials in the sophisticated electronic and
optoelectronic systems, lot of interest has been paid to design or develop
these materials with pronounced various applications [1,2]. Potential
applications in terms of optoelectronic scope have spurred extensive
investigations on new potential optical molecules involving exploitation
of organic molecules [3,4]. By comparing with their inorganic coun-
terparts, the structural alterations or modifications in the organic mol-
ecules can be achieved through feasible chemical synthesis with
inexpensive cost for production [5,6]. In principles, essential factors
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offered by the organic materials make them as qualified materials for
significant NLO properties [7]. Electronic delocalized conjugation,
extending n-conjugated bridge, and induced dipole moment are some
important factors that featured by organic NLO materials [8-10]. The
enhancement of these factors in the potential NLO organic materials is
significantly affected by an alteration in their molecular structures.
These alterations might lead to improve their high NLO properties with
short response times [11,12]. Logically, the presence of
donor-n-acceptor system (D-1-A) and conjugated n-bridge nature in the
organic candidate chromophores plays an important role in the NLO
magnitudes involving polarizability («) and hyperpolarizability () [13,
14]. Providing strong auxiliary n-electronic bridges in the D-n-A

Received 12 January 2026; Received in revised form 2 March 2026; Accepted 14 March 2026

Available online 16 March 2026

0022-2860/© 2026 Elsevier B.V. All rights are reserved, including those for text and data mining, Al training, and similar technologies.


https://orcid.org/0000-0001-9892-2748
https://orcid.org/0000-0001-9892-2748
mailto:ahmed.majedd@uobasrah.edu.iq
www.sciencedirect.com/science/journal/00222860
https://www.elsevier.com/locate/molstr
https://doi.org/10.1016/j.molstruc.2026.145994
https://doi.org/10.1016/j.molstruc.2026.145994

A.H. Ali et al. Journal of Molecular Structure 1365 (2026) 145994
H
oM = o s
Fig. 1. Tautomeric configurations in a dithizone molecule.
+ - —
NH2 N2 Cl N—NCH2N02
NaNO,/HCI CH3N02/NaOH‘
T T e >
H,0, 0 °C EtOH/H,0O
1 2 3
1-(Nitromethyl)-2-phenyldiazene
+ —_—
NH, N2 Cl )N\Oz
“NaNO/HCI_ _3/EOH _ N+ N
H,0,0°C NaOH/HZO 0,
NO, Nitrophenyldlazenylphenyld|azene
4 5
H H 1.KOH(5%)
(o
N. N _MeOH NN
(NH,),S/EtOH
e, 2. HCI NO,

r.t

Nitrodithizone

Fig. 2. Synthesis description of the new nitrodithizone derivative 8.

conjugation across the organic molecule backbone leads to form a
push-pull configuration which acts to improve the molecular a and S
with larger NLO response and high thermal stability [15,16]. Based on
recent studies, several organic materials have been designed and
investigated for their NLO activities [17-19]. These studies declared in
addition to the above mentioned factors that the chemical structures for
organic molecules candidates should have crucial prerequisites in order
to achieve potentially large NLO properties [20,21]. Among these re-
quirements, the molecular arrangement in a non-centrosymmetric ar-
chitecture possesses a strong electronic mobility, polarized positions (D
and A substituents), and extensive charge transfer (CT) distribution in its
D-r-A system [22-24]. In the latest researches on NLO organic materials,
several accountable procedures have been established to promote the
NLO activities, including extended n-electron conjugation, modification
of central core bridges, and strengthening the tendency of donor/-
acceptor parts in the molecule skeleton [25-27]. Beside the precedence
above, extensive studies have thus been devoted to investigate organic
materials, particularly non-centrosymmetric molecules as they are
believed to hold promise for their potential photonic, nonlinear optic,
and optoelectronic applications [28].

On the other hand, dithizone compounds are characterized from that
the compounds contain a thiocarbazide chromophore. Dithizone de-
rivatives are of interested classes of remarkable photochromic reactions
as they are considered as an efficient candidate for diverse sensor ap-
plications [29,30]. Two different tautomeric configurations (thione and
thiol forms, Fig. 1) are found in dithizone molecule [31] and this
property is being conducted for improving its analytical applications for
example, the synthesized GNPs modified with dithizone has been used

as a Cu?" potentiometric sensing agent [32].

In other related published works, Taha et al. [33] synthesized mul-
tiferroic BFO nanoparticles modified with dithizone molecules as an
immobilizing chromophore and investigated their optical sensing
behavior towards some trace heavy metals. They demonstrated that the
target synthesized nanoparticles act as a supreme optical sensor with
highly sensitive and selective detection towards Cd ™2, Pb*® Cr*3, and
Ni*2, Furthermore, Alberti et al [34] have successfully prepared smart
sensory substance based on dye dithizone molecule on a solid phase
supported with triacetylcellulose membrane for photographic film. They
proved that this prepared sensor with low cost can be efficiently used for
determination of bivalent cations. Despite the sensory properties illus-
trated above, the dithizone derivatives might give potential applications
that are not discovered yet particularly, in the photonic and optoelec-
tronic fields.

Some methods have been introduced for synthesis of asymmetric and
symmetric dithizone derivatives [35]. In the period 1882-1943, direct
coupling of phenylhydrazine derivatives with carbon disulphide was the
most common method as reported by Billman and Cleland [36]. The
more recent method has been introduced to synthesize dithizone de-
rivatives based on the coupling of diazo-derivatives in the presence of a
reducing agent such as ammonia sulphide [37]. Considering the re-
ported photochromic and potentiometric applications that offer by
dithizone derivatives and their expected potential in the nonlinear optic,
and optoelectronic fields, these compounds have highly garnered our
attention.

We herein introduce an efficient procedure for synthesis of a new
novel asymmetric dithizone containing alternate NO, group as a strong
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acceptor group. As shown in the synthesis chemistry (Fig. 2), many steps
are adopted starting from phenyl diazonium chloride 2 which is pre-
pared using a diazotization step of distilled aniline 1 with sodium nitrite
(NaNOj). An addition of nitromethane (CH3NO;) to the diazonium
chloride 2 in the presence of an ethanolic NaOH solution would release
intermediary 1-(nitromethyl)-2-phenyldiazene 3 as red precipitate.
Under an ethanolic NaOH solution, the condensation step of the inter-
mediate 3 with another prepared diazo derivative 5 of 4-nitro aniline 4
was completed to give the intermediary nitro-
phenyldiazenylphenyldiazene 6. In the next step, the intermediate 6 is
subsequently reduced through an excess addition of ammonium sul-
phide (NH4)sS to afford a pure white thiocarbazide 7 as an unstable
intermediate. The intermediate 7 is further oxidized in the presence of a
methanolic KOH solution to give the orange K salt which is ultimately
acidified with dilute solution of HCI to offer the target nitrodithizone
derivative 8 as an orange-red precipitate. Various spectroscopic tech-
niques and DFT computations were conducted to establish the structural
verification of the target nitrodithizone 8. As the prepared nitro-
dithizone 8 containing alternate NO acceptor in its half electronic ar-
chitecture, it should promote the push-pull system through the
enhanced CT distribution. Thus, the improvement of thermal and NLO
activities for the target nitrodithizone 8 is assessed using different
measurements. The experimental evaluations of its thermal conductivity
(K), viscosity (n), and specific heat capacity (cp) in addition to its NLO
response under adoption of continuous wave (CW) (473 and 532 nm as
effective CW visible laser beams) for diffraction patterns (DPs) are the
main goals for this work.

2. Experimental

Unless otherwise addressed, all chemicals and solvents were
commercially obtained from common suppliers (Merck and Sigma-
Aldrich) and utilized as received, without any further purifications.
Reaction solutions utilizing doubly distilled water were accomplished
using an ice cooling stirring container during synthesis. The progress
and completion of the reactions to obtain the synthesized compounds
with high purities, were checked using TLC plates (254-g/uv Merck). To
detect and visualize the products spots, an eluent of ethyl acetate or
acetone: hexane (1: 1) and an aqueous KMnO4 solution or UV light were
used. A thermopan microscope apparatus was utilized to measure the
melting points (m.p) of the solid products. NMR (*H and '3C) spectra at
298 K were recorded on a NEO-NMR spectrometer (Bruker Avance with
frequencies operating at 400.0 for 'H and 100.53 MHz for '3C). The
signals patterns are presented according to chemical shift (5) values of Si
(CH3)4 and residual signals (DMSO-dg) as the internal standard and
nondeuterated solvent, respectively. IR spectra verifying the vibrational
absorptions of essential functional bonds were recorded on a Shimadzu
spectrophotometer (84005-FTIR) utilizing KBr disk for solid samples. A
Shimadzu instrument (Agilent MSD/EI 70 eV/5 kHz) is utilized to
document the mass data. UV-vis. measurement for the target nitro-
dithizone 8 was run in EtOH (200-700 nm) using a Shimadzu device
(UV-2401PC) supplied with a non-separable glass cell (0.1 cm path) at
room temperature (RT). For the target nitrodithizone 8, three experi-
mental set-ups are adopted to measure its thermal parameters viz., K, n,
and c, where the first methodology is identified for K measurement [38],
while the second and third ones are addressed elsewhere for n and ¢,
measurements [39]. Upon the integrated calibration for a calorimeter
was validated according to deionized water as a standard fluid, the c;
performance of the target nitrodithizone 8 is obtained. The experimental
set-ups for measuring 1 and c;, values are found in the aforementioned
reference [38]. The NLO activity of the target nitrodithizone 8 is eval-
uated using two wavelength laser beams 473 nm (power range of 0-66
mW) and 532 nm (power range 0-50 mW). Rayleigh range of the
aforementioned beams are equal 2.456 and 2.763 mm. The two beams
have spots with the same size of 1.5 mm (at e?). 19.235 um as an
effective spot size was set up for the first beam to be fitted with a glass
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lens (focal length of 5 cm), while the two beams were focused to spot
sizes of 76.941 and 86.539 um using two glass lens of foci 20 cm each.
The beams powers were measured using multiple wavelength power
meters. The liquid sample was put into a glass cell (1 mm). The falling
ring patterns resulted on two semitransparent screen of 30 x 30 and 60
x 60 cm dimensions fixed at a position of 85 cm from exiting plane of the
target sample cell. The two laser beams emitted from two solid state
laser devices, each has CW character. One of the beams (A = 473 nm) CW
character changed to pulsed character using a frequency generator via
the TTL function when needed. The DPs pictures were obtained using
digital, 1/32 sec speed shutter camera. All experiments were further
guided to follow experiment set ups given in reference [8] in order to
study all-optical switching (AOS) of the target sample. Resulted DPs
were studied via effect of beam wave front kind, effect of laser beam
powers and the temporal DPs evolution.

2.1. Synthesis of the target nitrodithizone derivative 8

Nitrodithizone derivative 8 is synthesized according to an adopted
method given in [40] under slight modifications as stated below:

2.1.1. Synthesis of 1-(nitromethyl)-2-phenyldiazene 3

In a 100 mL beaker supplied with ice path, freshly distilled aniline
(18 g, 0.2 mol) was treated with con. HCI (0.1 mol, 25 mL) and doubly
distilled water (40 mL) under a cooling stirrer (0 °C). To above content,
30 mL of an aqueous solution containing NaNO, (17 g, 0.2 mol) was
slowly dropped under vigorously cooling stirrer (30 min) till a clear
solution is formed. The resulting diazo solution 2 was cooled and slowly
added to an alkaline mixture of NaOH (8 g, 0.2 mol), CH3sNO- (12 g, 0.2
mol), EtOH (75 mL), and HyO (25 mL). The high concentration alkaline
NaOH was used to deprotonate CH3NOy molecules and to neutral any
residual HCl formed as a side product. The resulting mixture was addi-
tionally stirred for 30 min and further treated with distilled water (200
mL). The purification of the target product was carried out by trituration
with cold water. A large Buchner funnel was conducted to collect the
yellow-orange precipitate to give 1-(nitromethyl)-2-phenyldiazene 3,
yield (70%), m.p. 85-86 °C.

2.1.2. Synthesis of nitrophenyldiazenylphenyldiazene 6

To a beaker reaction (50 mL), a cooled solution of conc. HCI (0.1 mol,
10 mL) and distilled water (20 mL), 4-nitro aniline 4 (7 g, 0.05 mol) was
added at 0 °C. To above mixture, an aqueous solution (10 mL) of NaNOy
(5 g, 0.05 mol) was slowly dropped under vigorously cooling stirrer (30
min) till a clear yellow solution is formed. The resulting diazo solution 5
was added dropwise to a stirring solution of the prepared 1-(nitro-
methyl)-2-phenyldiazene 3 (8 g, 0.05 mol), EtOH (25 mL), NaOH (8 g,
0.2 mol), and HyO (10 ml) at 0 °C. Upon the above mixture was stirred
for 20 min, the mixture was treated with cold water (200 mL) and
adjusted to pH = 7 using an alkaline solution of NaOH (2M). The
separated brick-red precipitate was collected through a Buchner funnel
filtration and dried under warm oven. To a conical flask (100 mL)
charging with dry CH,Clz (50 mL), the separated brick-red precipitate
was added and heated at 35-40 °C for 10 min. The product was ulti-
mately collected after cooling step, and it was further purified through
trituration with cold CH,Cl, and filtrated to afford the entitled inter-
mediate 6, yield (60%), m.p. 166-168 °C.

2.1.3. Synthesis of nitrodithizone derivative 8

To a lightly stoppered conical flask containing absolute EtOH (60
mL), the prepared nitrophenyldiazenylphenyldiazene 6 (3.14 g, 0.01
mol) was added. The suspended solution was further placed in an ice
bath (0-3 °C) and stirred for 20 min. While stirring, the above content
was saturated with as an ethanolic solution of ammonium sulphide
(20%, 10 mL). After the end of reaction as indicated by the disappear-
ance of orange-brown color solution, the white sediment product is
precipitated. To above content, crushed ice of distilled water (50 mL)
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was poured to raise precipitation. The precipitate was immediately
filtered off, collected, and thoroughly washed with distilled water to
give the pure white thiocarbazide 7. After the intermediate thio-
carbazide 7 was dried, it was oxidized with a methanolic KOH solution
(5%, 60 mL) to give orange-red K salt solution. Upon the salted solution
was filtered off, it was acidified with a few dropwise of con. HCl till pH=
2. The orange-red precipitate was gravity filtered and several times
washed with distilled water. The purification of final product 8 was
completed using a crystallization step from methanol and subsequently
dried to afford the pure nitrodithizone derivative 8, yield (55%), m.p.
172-173 °C.

2.2. Spectroscopic characterizations of the target nitrodithizone derivative 8

The structural elucidation of the unsymmetrical dithizone derivative
8 was established by its spectral data including NMR, FT-IR, and Mass
spectroscopies. The protons resonances of aromatic systems in THNMR
spectrum (Figs. 3 and 4) appeared based on their integrations. In the
range of chemical shifts (§ 8.32-7.14 ppm), the residual protons for two
benzene rings are found to possess the data as follows: 7.17 (3H, t, J =
3.4Hz),7.23 (1H, t,J = 2.6 Hz), 7.68-7.57 (4H, m), and 7.93 (1H, d, J =
2.7 Hz). As mentioned earlier, the dithizone molecule found in two
tautomers (thione and thiol), the signals of thiol proton and two NH
protons are notably absent, indicating the creation of the nitrodithizone
derivative 8 in a thione form. Indeed, two clear signals of protons came
into view in 'H NMR due to the presence of two NH groups at § 8.22 and
8.32 ppm. In the '*CNMR spectrum (Fig. 5), the distinguished signal for
carbon (C=S) is found at the low field (181.9 ppm), indicating the thione
tatumor found in nitrodithizone derivative 8. The other corresponding
signals appeared at 159.8 and 151.7 ppm are due to the quarter aromatic
carbons that attached with thiocarbazone moiety. The carbon signal
positioned at 148.9 ppm is due to quaternary carbon that carries NOy

group. Furthermore, the other signals located at the high field 134.0,
129.4,129.1, 126.7, 123.5, and 113.2 ppm are corresponding to Ar-CH
systems. The distinctive residues for aromatic carbons in the nitro-
dithizone derivative 8 are good consistency with the drawn structure.
Different bands related to stretching vibrations in FT-IR (Fig. 6)
appeared corresponding to the following functional groups: two N-H
groups at 3441 and 3278 cm™! and aromatic C-H stretching bands at
3053 cm ™. In the region 1591-1496 cm ™!, sharp bands are noted due to
aromatic C=C bonds. Furthermore, a distinctive band was detected at
1215 cm ™! is related to the stretching vibration in C=S bond. The drawn
structure of nitrodithizone derivative 8 verified its mass spectrum
(Fig. 7). In this spectrum, an intensive mass peak with abundance in-
tensity (80000) is highlighted at m/z = 301.2 pertaining to the accuracy
of the molecular weight: [M]*, C;3H;1N505S". In addition, the other
characteristic peaks at varied regions corresponded to fragments which
are in in relative correspondence with the correct structure.

2.3. UV-visible study

Significant insights into the nature of transitions and charge transfer
absorption for organic compounds can be verified by the practical UV-
visible spectrum. In Fig. 8, the experimental UV-visible spectrum dis-
plays the absorbance peaks of electronic transitions occurred in the
nitrodithizone derivative 8 (1 x 10 M in EtOH) with a range of 300-
700 nm. In around visible absorption, two distinctive peaks are
observed at wavelengths of Apax 468 and 604 nm. The peak that takes
place at the shorter wavelength (Apax 468 nm) is predicted due to n—»n*
transition that is formed from the presence of C=S and NO; chromo-
phores. The other strong peak with longer wavelength (Ayax 604 nm,
bathochromical shift) can be ascribed to n—n* transition that occurs in
aromatic groups. Under unique consideration regarding calculating the
linear absorption coefficients (@) using an equation [41], the a values of
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Fig. 6. FT-IR chart of nitrodithizone derivative 8.

the recorded absorptions in the target nitrodithizone 8 were found to
equal a473=7.64 and o533 =4.33 em’! in correspondence with the slan-
dered wavelengths at 473 and 532 nm, respectively.

2.4. DFT analysis

DFT calculations for the target derivative 8 were performed utilizing
the database Gaussian 09 package and analyzed under Gauss software
(view 5.0.43) [42,43]. The theoretical calculations were conducted to
full optimization of the geometric target derivative 8 using B3LYP
functional complemented with the 6-311G (d,p) basis set [44,45]. In the
absence of any symmetry restrictions, the geometric structure (Fig. 9a)
of the target derivative 8 at its minimum total energy was successfully
completed by testing its negative vibrational frequencies. The molecular
electrostatic potential (MEP) for the target derivative 8 was also simu-
lated using the aforementioned functional at the same basis level. The
computed MEP map offers a powerful visual details in terms of surface,
charge distributions, potential electrostatic interactions (positive elec-
trophilic and negative nucleophilic regions), intermolecular in-
teractions, electronegativity, and enhancing the visible polarization of
electronic sites that would release onto electron density surface [46,47].
3D topographical electrostatic surface of MEP as given in Fig. 9b shows
different intense reactive sites as depict by different colors. According to
aforementioned figure, the bright red regions (electron-rich) mainly
localized around the S, O and N atoms with a negative electrostatic
charge, whereas the blue regions (electron-deficient) concentrated
around the hydrogen atoms refers to the positive electrostatic charge.
Furthermore, the yellowish and bright green regions indicate the exis-
tence of the slight electronic rich (n-phenyl rings) and zero potential
regions, respectively. Obviously, the calculated electron densities values
on the S, O and N atoms (the deep negative sites) were acquired as

-2.897, -2.643, and -3.803 au, respectively, whereas the value for the H
atom as a high positive site is 6.258 au.

All other parameters that have great influence on electronic and NLO
characteristics were thoroughly executed at the above-mentioned level.
These parameters are focused on global reactivity inspection of the or-
bitals energy difference in order to determine the quantum descriptors
such as the energy band gap (Egomo—ELumo), ionization potential, I (eV),
electron affinity, A (eV), electrophilicity index, @ (eV), hardness, ) (eV),
chemical softness, S (eV) '1, electronegativity, y (eV), and chemical
potential u (eV). The narrowest value of the energy band gap (1.6996
eV) is obtained from energy values of —5.3764 and —3.677 eV for
HOMO and LUMO, respectively. This case indicates a characteristic
intra-molecular CT (powerful push-pull effect) which takes place
throughout the target chromophore 8. The descriptors related to its
electronic structure are obtained from energy value of Epomo—ELumo
(Fig. 10). The calculated values in terms of I (eV), A (eV), @ (eV), n (eV),
S (eV) '1, x (eV), and p (eV) are found to equal 5.376 (eV), 3.6768 (eV),
12.056 (eV), 0.8498 (eV), -0.425 (eV)'l, 4.5266 (eV), -4.527 (eV),
respectively. In addition, the important values of linear polarizability,
(esu), and first hyperpolarizability, # (esu), were also computed as they
serve as crucial descriptors to characterize NLO properties. The target
nitrodithizone 8 showed highest nonlinear behavior as the calculated
maximum values of a and g were 23.243 x 10?2 and 412.605 x 1028
esu, respectively. In the non-linear optic field, the assessment of optical
parameters such as hyperpolarizability, $ (esu) is important for efficient
NLO response. The f value of the target nitrodithizone 8 was computed
and thereby its efficiency compared with structurally related dithizone-
based NLO materials reported in the previous works, is introduced. For
examples, the synthesized (E)-2-ethylidenehydrazinecarbothioamide
exhibited a g value of 252.77 x 10733 esu [48], while the designed
(E)-2-(1-phenylethylidene)hydrazinecarbothioamide  performed a
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remarkable $ value of 5.181 x 1030 esu [49]. Furthermore, a very close
structurally related structure of the nitrodithizone derivative 8 was
synthesized with absence of N-H in its architecture, namely
(E)-N-(2-chlorobenzyl)-2-(2-hydroxybenzylidene)hydrazinecarbothioa-
mide and its § value found to have 4.812 x 1070 esu [50]. Comparison
with the aforementioned compounds demonstrates that the target
nitrodithizone 8 exhibited efficient g value (412.605 x 10728 esu) since
such value is times greater than para-nitroaniline (p-NA, 3.610 x 103!
esu) reported as a prototype NLO material [51]. This probably due to the
presence of a decrease in band gap and excitation energy as well as the
enhancement above values typically rely on the =-conjugation

delocalization within the entire molecule which can be extended by
alteration of the potent substituents (donor and acceptor groups)
attached to the molecule skeleton. The optical parameters obtained for
the target derivative 8 make it as a promising NLO material.

TD-DFT computations were performed to acquire the theoretical
spectrum of UV-visible for the nitrodithizone 8. The calculated data in
terms of transition levels, coefficients, lowest energies of excitation
levels (eV), wavelengths (nm), and oscillator strengths (f) are listed in
Table 1. The spectrum simulated from aforementioned B3LYP functional
with basis sets of 6-311G (d,p) is depicted in Fig. 11. The calculations
showed some electronic transitions that occur from the HOMO to LUMO
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Table 1
Theoretical data of UV-vis. spectrum computed by TD-DFT/B3LYP/6-311G (d,p)
for the target nitrodithizone 8.

State

Assignment

Coefficient

Energy
(ev)

Wavelength
(nm)

Oscillator
Strength
®

So—S1

So—S,

So—S4
So—Se

So—S7

HOMO-6 —
LUMO
HOMO-5 —
LUMO
HOMO-5 —
LUMO+-2
HOMO -
LUMO+2
HOMO-6 —
LUMO
HOMO —
LUMO+3
HOMO-4 —
LUMO
HOMO-2 —
LUMO
HOMO —
LUMO+1

66%
12%
11%
14%

13%

69%

70%

69%

70%

3.8042

3.7147

3.1889

2.7315

2.6843

325.91

333.77

388.80

453.90

461.88

0.0198

0.0095

0.0037

0.1951

0.0469

levels. The state of Sy—S; due to n-t* consisted four electronic transition
bands at 325.91 nm with energy of 3.8042 eV and 0.0198 oscillator
strength f. For this transition, the orbital contributions are 66%, 12%,
11%, and 14% from HOMO-6 to LUMO, HOMO-5 to LUMO, HOMO-5 to
LUMO+2, and HOMO to LUMO+2, respectively. At 333.77 nm, two
bands for Sy—S; appeared with 3.7147 eV and 0.0095 oscillator strength
f due to the orbital contributions from HOMO-6 to LUMO and HOMO to

LUMO+3. The other two bands at 388.80 and 453.90 nm stated for
So—S4 and Sp—Se, respectively, are assigned to n-n* transition. These
bands are potentially based on the transitions occurred from HOMO-4 to
LUMO (3.1889 eV) and HOMO-2 to LUMO (2.7315 eV) with contribu-
tion percentages of 70% and 69%, respectively. In the simulated spec-
trum, a band emerging from the main Sy—Sy state occurred at 461.88
nm (2.6843 eV) is assigned to n-n* transition. This transition originated
from HOMO to LUMO-+1 with transition coefficients of 70%. This band
is mainly very close to an intense peak (Amax 468 nm) appeared in the
experimental spectrum for the target nitrodithizone 8 (Fig. 8). This
dominant peak is assigned to the main transitions occurred from HOMO
to LUMO, since these orbitals included are of n and = types. The results
combined from practical measurement and theoretical calculations
demonstrated high coincide with regards to their mean transitions. In
summary, the active ICT interactions could be a result of charge transfer
from the NH, C=S, and aromatic moieties as an electron donor to NO,
group as an electron acceptor. This acts to enhance the dipole property
to be intensified along molecule and increase polarity across its longi-
tudinal axis.

The distribution of Mulliken charges is presented in Table 2 and its
diagram is depicted in Fig. 12a and b. Based on the distribution level, the
negative charges mainly positioned on the nitrogen, oxygen, and sulfur
atoms. The charges exhibited with values of -0.47437, -0.38987,
-0.38701, and -0.32675 are corresponding to N7, 021, 020, and N8,
respectively. These atoms have the same color and more negative than
other atoms in the synthesized nitrodithizone 8. The less negative
charges redistributed in other atoms involving N11, N12, and S10 (C=S
bond) with values of -0.28402, -0.23746, and -0.23424, respectively.
While, the charges that distributed in the carbon atoms (C1, C2, C4, C5,
C6, Cl14, C15, C17, and C18) of aromatic rings were faded negative.
According to distribution diagram, N19 atom of NO, group was more



A.H. Ali et al.

Journal of Molecular Structure 1365 (2026) 145994

UV-Vis Spectrum
12,000 - -2
1 - 018
10,000 L
- 016
=014
8,000 I g
-0z =
T [
[=]
WoH,000 - -0l ;,
lr ]
~-008 5
4,000 - B
1 =
g - 0,06
- L
2,000+ L
_/ \_/ - 002
- I . . -0
T — — s N o e ¥ ———— v i e -
L] 100 200 300 400 500 00 00 BOO
Wavelength {(nm)
Fig. 11. The theoretical spectrum of the target nitrodithizone 8 simulated by TD-DFT.
Table 2
Mulliken population data and NBO analysis for the synthesized nitrodithizone 8.
Mulliken analysis NBO analysis
Atoms Charges Donor(i) Occupancy ED/e Acceptor(j) E(M-EQ@) FQ, j) E@
a.u. a.u. Kcal/mol
C1 -0.09135 o (C1-C2) 1.97728 6*(C3-N7) 1.14 0.065 4.65
c2 -0.12941 7 (C1-C2) 1.70709 ¥ (C3-C4) 0.27 0.073 22.75
C3 0.38358 7 (C3-C4) 1.63087 *(C5-C6) 0.29 0.074 23.2
C4 -0.12968 n (C5-C6) 1.65433 *(C1-C2) 0.27 0.074 24.76
C5 -0.08822 7 (C9-S10) 1.96114 71*(C9-S10) 0.21 0.030 4.18
C6 -0.09111 7 (C9-S10) 1.96114 m*(N11-N12) 0.23 0.036 6.35
N7 -0.47437 n (N11-N12) 1.90102 1*(C9-S10) 0.33 0.068 14.02
N8 -0.32675 © (N11-N12) 1.90102 1*(C13-C14) 0.40 0.060 9.95
(¢°] 0.342868 7 (C13-C14 1.58532 n*(N11-N12) 0.23 0.067 21.35
S10 -0.23424 n (C13-C14) 1.58532 n*(C15-C16) 0.27 0.069 21.08
N11 -0.28402 7 (C15-C16) 1.63697 7*(N19-020) 0.15 0.057 23.04
N12 -0.23746 7 (C17-C18) 1.66039 1*(C15-C16) 0.28 0.068 20.41
C13 0.24998 n (N19-020) 1.98488 LP3021 0.18 0.078 12.45
Cl4 -0.08734 LP(1)N7 1.72668 n*(C3-C4) 0.30 0.097 36.18
C15 -0.09532 LP(1)N8 1.59310 7*(C9-S10) 0.22 0.117 71.77
Cl6 0.256118 LP(1)S10 1.98643 6*(C9-N11) 1.04 0.056 3.61
C17 -0.10524 LP(2)S10 1.86155 0*(N8-C9) 0.64 0.075 10.67
C18 -0.06129 LP(2)S10 1.86155 6*(C9-N11) 0.54 0.079 14.12
N19 0.391085 LP(1)N11 1.94022 6*(C9-S10) 0.74 0.073 8.88
020 -0.38701 LP(1)N12 1.95392 ¢*(C13-C18) 0.95 0.081 8.63
021 -0.38987 LP(1)020 1.98107 6*(C16-N19) 1.07 0.062 4.26
H22 0.095343 LP(2)020 1.89653 6*(C16-N19) 0.56 0.076 13.03
H23 0.08046 LP(2)020 1.89653 0*(N19-021) 0.71 0.105 19.29
H24 0.080399 LP(2)021 1.89711 6*C16-N19) 0.56 0.076 12.93
H25 0.093562 LP(2)021 1.89711 6*(N19-020) 0.71 0.105 19.20
H26 0.088783 LP(3)021 1.43916 1*(N19-020) 0.14 0.139 164.47

positive due to this atom attached directly with tow electronegative
oxygen atoms. Furthermore, the carbon atoms C3, C9 (C=S), C13, and
C16 were found to be positive with an uneven distribution compared
with compared with adjacent carbon atoms. In addition, the hydrogen
atoms attached even to nitrogen or carbon atoms displayed positive
charges with a range of value (0.080399 to 0.310638). The Mulliken
population found in the nitrodithizone 8 highlighted the resultant dipole
moment direction (4.6732 Debye), demonstrating the electronic activity
and optical polarizability that are subtilized the NLO efficiency.
Natural bond orbital (NBO) analysis is significantly accomplished to
gain clear insights into interpretation of charges transfer, inter-and

intramolecular transitions, interactions between bonds, and hyper-
conjugative interactions [52,53]. NBO probe also grants a good indica-
tion about the hydrogen bonding and relocation of internal charges in
D—n—A systems [54]. Herein, NBO computations were performed for
the optimized nitrodithizone 8 using B3LYP/6-311G (d,p) method in
order to elucidate the electronic delocalization occurred in bonding and
anti-bonding orbitals inside the target molecule. The calculated out-
comes of NBO transitions for the target nitrodithizone 8 are tabulated in
Table 2. This Table shows NBO descriptors in terms of orbital types
(donor (i) and acceptor (j)), electronic occupancy (ED/e), difference
energies between acceptor and donor orbitals (E(j)-E(i)), NBO Fock
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Fig. 12. (a) Charge distribution with dipole moment and (b) Mulliken population in the synthesized nitrodithizone 8.

matrix factor F(i, j) and second-order perturbation energy (E®) which
depicts the stabilization energy related to the measurement of
intra-molecular interactions of D—A [55]. The main NBO transitions
detected were 6 — ¢*, 1 — n*, LP — n*, and LP — ¢* for the dithizone
chromophore 8. In 6 — ¢* type, one transition of 6(C1-C2)—0c*(C3-N7)
presented smallest stability with a E®@ value of 4.65 Kcal/mol. Other
types of significant transitions © — n* (D-A, ICT) such as n(C1-C2) — n*
(C3-C4), n(C3-C4)—n*(C5-C6), n(C5-C6)—n*(C1-C2), n (C9-S10)—>n*
(C9-S10), =(C9-S10)—»m*(N11-N12), m (N11-N12)-n*(C9-S10), =
(N11-N12)-n*(C13-C14), n (C13-C14)— n*(N11-N12), n(C13-C14)—>n*
(C15-C16), n(C15-C16)—x*(N19-020), and n(C17-C18)—n*(C15-C16)
are noticed with E@ values of 22.75, 23.2, 24.76, 4.18, 6.35, 14.02,
9.95, 21.35, 21.08, 23.04, and 20.41 Kcal/mol, respectively. The one
electron transition between the bonding orbital = (N19-020) and lone
pair LP3021 was found with a small E® value of 12.45 Kcal/mol. The
favorable electronic transitions found in the donor-to-acceptor trajec-
tory are corresponding to intermediate types of LP—xn* and LP—c*. The
unpaired electrons of LP—n* transitions are most prominent interactions
having higher values of E@, Among them, LP(1)N7-n*(C3-C4), LP(1)
N8-1*(C9-S10), and LP(3)021—-n*(N19-020) exhibited higher values
of E@ of 36.18, 71.77, and 164.47 Kcal/mol, respectively. The other
lone pair transitions of LP —c* exhibited relatively low delocalization
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energies. The values of E@ arising from LP —c* transitions are found to
be lower than those arising from LP—x* transitions due to the presence
of very weak interactions between the D and A species. Such transitions
LP(1)S10—6*(C9-N11), LP(2)S10—c*(N8-C9), LP(2)S10—6*(C9-N11),
LP(1)N11-6*(C9-S10), LP(1)N12—-06*(C13-C18), LP(1)020—-06*
(C16-N19), LP(2)020—06*(C16-N19), LP(2)020—06*(N19-021), LP(2)
021-06*C16-N19), and LP(2)021-06*(N19-020) were observed as
taking the E® 3.61, 10.67, 14.12, 8.88, 8.63, 4.26, 13.03, 19.29, 12.93,
and 19.20 Kcal/mol, respectively. As mentioned earlier, there were
significant interactions between lone pair donor and anti-bonding
acceptor orbitals, constructing high interaction stability, thereby
inducing NLO features in the dithizone chromophore 8.

3. Results and discussion
3.1. Evaluating thermal quantities
3.1.1. Thermal conductivity (K)
To evaluate the thermal conductivity (K) of fluid phase for the target

nitrodithizone 8, the selected procedure and equation 1 describing in the
reference [56], are adopted to obtain K value.
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Where IV refers to the produced current and voltage for the direct
current (D.C.) power supplied, h represents the height level of the cyl-
inder used, while r1 and r2 correspond to the radii of the cylinders 1 and 2
at the absolute temperatures T+ and Tz, respectively. Throughout a range
of selected temperatures, all measurements were performed success-
fully. The results revealed that the K value of the nitrodithizone 8 so-
lution (EtOH used as a solvent) was temperature-dependent, showing a
gradual decrease due to the temperature raised as plotted in Fig. 13. In
the further investigation in term of the thermal behavior of the target
sample, the plotting configuration of temperature difference (AT)
observed between the inner and outer barriers of the fluid sample and
1V, is acquired as configured in Fig. 14. This plot demonstrates a positive
correlation as indicating that a raise in IV leads to a corresponding raise
in the temperature difference.

3.1.2. Viscosity (1)

By following the procedure as described in [38], the viscosity () of
the target nitrodithizone 8 was acquired using an Ostwald viscometer
according to the aforementioned reference. For the nitrodithizone 8

fluid, the n value is calculated according to the mathematical relation
given in Eq. 2.

n_pt

@
1o potO

In this context, n and p; represent the viscosity and density of
nitrodithizone 8 fluid respectively, while t; represents the fluid time
recorded between the upper and lower points as marked in the Ostwald
viscometer. Water is utilized as a standard reference with parameters 7,
P, and t, corresponding to its viscosity, density, and flow time. The
measured p; and n values of nitrodithizone 8 fluid are 1103 kg/m? and
1.78 x 107 Pa. sec, respectively at 29.4 °C.

3.1.3. Quantity of specific heat (cp)

By adopting the experiment under slight modifications as given in
the above reference [38], the designed calorimeter was calibrated with
de-ionized water and utilized to acquire the specific heat quantity (cp) of
the target nitrodithizone 8. In this experiment, an insulating-heating
substance is configured around the measured glass column in order to
minimize heat loss. In this mode, a DC power part was set up to be fit
with a heating coil utilized as a power source. To monitor the variation
in temperature factor, a digital thermometer inside an appropriate glass
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Fig. 15. Static AOS in the nitrodithizone 8 fluid utilizing two beams viz., 473 and 532 nm.

rod is positioned in the top area of the calorimeter, allowing to measure
the temperature for the target fluid in both cases (before and after
heating). The c;, value of the target fluid is accurately determined upon
verifying the current, voltage, and period of heating. The measured
value of ¢, for the nitrodithizone 8 fluid was 2049 J/kg. K.

3.2. NLO activity study

3.2.1. Identification of AOS

In the AOS experiment, two laser beams (1; and A2) were used, one Ay
= 532 nm as the sample has low absorption coefficient, small amount of
beam energy is thus absorbed by the target sample and no DPs produced.
As the medium have large absorption coefficient (at A; = 473 nm), large
amount of energy is therefore absorbed and the DPs produced smoothly.
When both beams pass simultaneously, two types of DPs produced one
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due to A\ based on spatial self-phase modulation (SSPM) and one due to
A2 based on cross self-phase modulation (XSPM). This effect was firstly
observed and interpreted by Agrawal [57]. Fig. 15 shows the static AOS
effect with A\: 473 and )y, 532 nm. In Fig. 16, each beam has CW
character. Meanwhile, the beam character (473 nm) is changed to pulse
via a frequency generator due to the presence of TTL function, so that
pulsed or dynamic AOS resulted. The effect noticed can be considered as
a message written by the beam A; = 473 nm and reads by the beam 2, =
532 nm, so that the beam 532 nm have no effects on the DPs resulted
except at their intensity. The beam 473 nm have number of effects viz.,
area of DPs, number of rings, and their asymmetry noticed.

3.2.2. Identification of DPs
In the first experiment of DPs at 56 mW, Fig. 17 shows the effect of
changing convergent and divergent beam wave fronts, so that two types
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Fig. 16. Dynamic AOS using two beams 473 and 532 nm in the nitrodithizone 8 fluid.
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Fig. 17. Effect of wave front kind on the DPs in the nitrodithizone 8 fluid at
power input 56 mW.

of DPs resulted. The kind of the beam wave is responsible for deter-
mining the type of DP. Such effect was first studied by Santamato and
Shen in 1984 [58] and other two groups [59,60]. In case of resulted DPs
depends on the interaction mode of the laser beam and target sample,
such effect was extensively investigated. In the second experiment, one
have the effect of power input on DPs resulted. At low input, no rings
appeared as a result of low energy absorbed so that small heat resulted

16 mW 24 mW

47 mW
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and small, bright, and circular spot drawn by the laser beam on the
screen. By elevating the beam power, the self-defocusing (SDF) resulted
causes to increase the spot area, then the spot breaks into rings. Mean-
while, the increase of the laser beam power leads to dramatically raise in
the number of rings. The DPs resulted asymmetry in the x-y plane with
respect to the z-direction propagation, so that the upper part of the DPs
squeezed due to the thermal vertical current as such behavior shown in
Fig. 18. In the laser experiment, the temporal evolution of character DPs
is emerged where the beam follows the same behavior (Fig. 19) in terms
of spot area and intensity squeezed of DPs increased.

Upon the laser beam passed through the sample medium, part of its
energy absorbed then reradiated and the medium temperature increased
in the shape of Gaussian distribution. The temperature is maximum at
the z-axis and decreased away in the x-y plane. Laser heating generated
from thermal energy of both conductive and convective transport. The
raised heating of liquid is replaced by cool parts, conducting to an up-
ward liquid current. As result, the both medium refractive index
gradient and DPs diameter are reduced so that the DPs appeared
squeezed, meanwhile their asymmetry appeared in half level as dis-
played in Fig. 18. With increasing power input, the number of rings
increased. It is demonstrated that the interaction of the laser beam with
the nonlinear medium depends on the type of beam wave front and its
sign so that the different DPs resulted when the beam has convergent
and divergent laser beam (see Fig. 17). The stages of the temporal
development of DPs are shown in Fig. 19, referring to small spot
appeared on the screen due to the low power input so that the spot area
appeared equal in case of the medium is absent. By increasing the power
input, the SDF effect extends the area of spot, thereby the spot split into
rings whose number increased with power input increased. Ultimately,
their asymmetry form appeared in the upper half of DPs.

3.2.3. Calculating the nonlinear refractive index (n2)

Throughout the application of Gaussian laser beam on the nonlinear
nitrodithizone 8 fluid, the change of the phase (A¢) is normally occurred
due to the changes of medium refractive index (np) as a result of
absorptive part of the beam energy.

N is the maximum number of rings, A is the laser beam wavelength

35 mW

56 mW

Fig. 18. Input effect of beam power on the DPs in the nitrodithizone 8 fluid.
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Fig. 19. Temporal evolution of DP resulted in the nitrodithizone 8 fluid at power input 56 mW.

and d is the sample thickness so that

2
Agp = Ank,de” «? 3)
k, is the wave vector of the laser beams, r is the distance from the beam
axis and w is beam spot size. Ap = Ag, refers to the phase change at a
maximum level on the axis which can be written as follows:

Ag, = Ank,d @
Ag, can be written as follows:
Ag, = 27N 5)

So that the change in the medium refraction index can be written
according to reference [61].

15

An =Ni/d (6)
n, can be related to An as follows
An

np = )
I is the beam intensity and is given by

2P
I=— (8)

W

P is the maximum power input.
For N=10,  =19.235 pm, P =56 mW, d = 0.1 cm and A = 473 nm so
that An = 4.73 x 10 and ny= 4.901 x 107 ecm?/W.
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Fig. 20. The simulation models of heat diffusion of the nitrodithizone 8 fluid under laser beam irradiation.

A comparative study in term of nonlinear refractive index (n2) values
between the nitrodithizone 8 and other related compounds including a
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standard reference, is developed. Such efficient value of n2 (4.901 x 107
cm?/W) compared to the values of studied substances addressed in
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previous works [62-65], suggests that the target nitrodithizone 8 may
be invested as a promising optical limiter or optical switching in the
low-power laser.

4. Simulation models
4.1. Simulating thermal diffusion

In simulating model, a Finite Difference Method (FDM) is numeri-
cally conducted to solve the 2D-transient heat conduction equation in-
tegrated with a heat source [66]. This context discloses that a
continuous wave (CW) laser beam acts as an internal heat source
cooperated with the target fluid (nitrodithizone 8). The partial differ-
ential equation is used to conduct the temporal and spatial distribution
of temperature factor throughout the target fluid as represented in Eq. 9
[66]. It is noteworthy that the aforementioned equation is considered as
a fundamental component for thermal analysis with many broad ap-
plications in physics, engineering, and materials science.

o°T >
oy, FT0
aXZ ay2
Where T(x,y,t) represents the temperature field as a function of
space and time. &' represents the first partial derivative of temperature

dT(x,y,t)
ot

)+Q@J¢ 9

a
according to time. ‘{’;—E and 3272 are the second spatial derivative compo-
nents in the x and y directions, respectively. The thermal diffusion is
identified as a. Q(x,y,t) represents the rate of temperature increase per
second.

The results disclose when the laser beam positions directly at the
material center, the consequential heat localized in a diffused manner.
This heat diffusion for the target fluid is predominantly organized

18

throughout its thermal diffusivity. The practical thermal diffusivity of
the nitrodithizone 8 fluid was determined and found to equals 0.83 x
107" m?/s. The laser beam used in the thermal model has a power output
of 56 mW. Temperature measurements were recorded at 50 millisecond
intervals for a total period per one second as configured in Fig. 20. By
one second timing, the temperature due to laser irradiation increased
approximately 0.3 °C. In comparison with the theoretical simulations,
the temperature will be raised to 0.31 °C in order to validate the thermal
quantities such as ¢, and density for the target fluid under the same
applied laser power and time. Heat is transmitted mechanically in the
liquids through the translational motion of molecules. Upon irradiating
the localized region by a laser beam, the molecules in this region
absorbed energy, thereby increasing their kinetic energies and
enhancing their random translational velocities. The excess energetic
molecules collide with cooler neighboring molecules, thereby trans-
ferring a portion of their kinetic energies. Rotational and vibrational
motions of the molecules may also contribute to energy exchange even
occurred in a low extent. This process occurs continuously among a high
number of molecules, resulting in the gradual transfer of thermal energy
from the hotter region to the surrounding cooler regions. Consequently,
the raised temperature is diffused into the target liquid not only through
the molecules movements over large distances, but also through suc-
cessive molecular collisions and the energy transfer between them. The
high consistency obtained between the experimental and theoretical
values highlights the validity and reliability of the selected simulation
model.

4.2. Simulating the DPs

Throughout the Gaussian laser beam propagated in a nonlinear
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convergent and divergent of 56 mW passing through nitrodithizone 8 fluid.
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medium (having intensity- dependent refractive index and absorption
coefficient), the DPs are generated as shown in section 3.2.2. Their area,
ring numbers, and asymmetry raise with an increase of incident beam
power and depend on beam wave front type and time variation. If the
beam radius is w, its wave front radius (R), its wavelength (1), its wave
vector (k), and beam power (P), the complex amplitude E(x,y, t,z= 0) at
the entryway of the sample medium that extend a distance, d, can be
written as follows [67,68]:

op \ x2 +y2 X2 4y
E(x,y,t,z:O):(ﬁ> exp(f wzy >exp(71k 2Ry) (10)

The laser beam phase Ag(x,y,t) at the medium exit plane can be
written as follows:

Ap(x,y,t) = %d[n(x,y, t) —n(0,0,1t)] an

The refractive index of the target medium, n(x,y,t) can be expressed
as follows:

dn
n(x,y,t) =n, +—

ATy, 1) 12)

n, is the medium linear refractive index, % is the thermoptic coefficient
and AT(x,y,t) is temperature profile increase so that the laser beam
integrated complex amplitudes can be written as follows:

2p \ ¥ ad X2 +y?
E(x,y,t,z=0) = <$> exp<7?) exp( — %) exp(

272)> exp(iAp(x,y,t)) 13)

a is the medium absorption coefficient at wavelength A.
The DPs on the screen distance (L) from the sample exit plane where
the spatial coordinates x and y become x',y’ so that

o 35 mW
-4
-2
5o
Y
2
4
6
x(cm)
Z 4 6

x(cm)

Fig. 22. The simulation of the DPs at different power input of the laser beam in the nitrodithizone 8 fluid.



A.H. Ali et al. Journal of Molecular Structure 1365 (2026) 145994

y (em)

y(em)

x(cm) x(cm)
B " -
0.55 sec
4|
—2
£
L0
=
2
4
]
]
4
—-2
£
=2
=

(=T N S T =]

H 4 2 0 2 4 6 6 4 -2 0 2 4 6
x(cm) x(cm)

0.95 sec

y (em)
I~ R S R N T S

6 -4 -2 0 2 4 6 6 4 2 0 2 4 6 4 4 2 0 2 4 6 £ 4 2 0 2 4 6
x(cm} x(cm) x(cm)

Fig. 23. The simulation of the DPs images (temporal evolution) at 56 mW laser beam passing through nitrodithizone 8 fluid.
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Fig. 24. The simulation of (LC) 2d distribution of beam phase, 1d beam intensity distribution (MC) against x-axis and (RC) against y-axis for convergent and
divergent beams at 56 mW in nitrodithizone 8 fluid.

2 © ®
E(X,y,t) = (%) U;CIIJJ exp(ikL)exp(—%d) /dx / dy.exp(

5. Conclusions

e - This work describes an efficient synthesis of a new unsymmetrical

X2 + y? X% + y2 dithizone chromophore 8 involving a thiocarbazone linker presents as a
-———).exp|{ -k +Ap(x,y,t) .exp( ; P ;

P 2R channel between its components in its molecular architecture. The

XX 4 yy computational consequences in terms of the narrowest band gap
- lk?) (14 (HOMO-LUMO) and higher values of polarizability and first hyper-
polarizability indicate high nonlinear behavior for the synthesized

nitrodithizone chromophore 8. The effective electronic behavior of
nitrodithizone chromophore 8 demonstrated by theoretical and prac-
tical experiments, is highly expected due to the presence of NO, sub-
9P\ Rize? o\ 5 o stituent as a potent acceptor group, demonstrating greater internal

IX,y,t)= |<72> exp(ikL)exp (77) / dx / dy.exp( charge transfer (ICT) through the entire n-system of the entitled chro-
o AL 2 N mophore 8. The passage of two CW continuous wave laser beams have

After using the Fraunhofer approximation of the Fresnel-Kirchhoff
integral. The beam intensity, I(x,y', t) at the screen can be written as
follows:

X2 +y? X2 +y? XX +yy led to the generation of diffraction patterns (DPs), one directly obtained
. . 2

i ).exp {l{ -k 5R +Ap(x,y,t) H <eXP< —ik L ) \ and one obtained via the cross self-phase modulation (XSPM). Upon the

DPs generated with high-quality nonlinear optical (NLO) activity was

as evaluated, the nonlinear refractive index (NLRI) and all-optical

Mat Lab system was conducted to solve Eq. 15 numerically and the switching (AOS) properties were identified using two CW laser beams.

results are depicted in Figs. 21 and 22. These figures show the effect of  Qur results underscored that the synthesized nitrodithizone 8 exhibited

the beam wave front kind i.e., convergent, divergent, and different laser good NLO response, making it a promising candidate for further in-
powers on the DPs at 56 mW. Temporal evolution of the diffraction vestment in non-linear optics.

patterns emerged at 56 mW in the nitrodithizone 8 fluid is shown in
Fig. 23. Figs. 24-26 show the effect of beam wave front kind on the 2d CRediT authorship contribution statement
variation of beam phase (LC) and 1d variation of beam intensity against

(MC) x-axis and (RC) y-axis temporal evolution at 56 mW in nitro- Amir Hussein Ali: Software, Methodology, Formal analysis. Ahmed
dithizone 8 fluid. In the experimental results, comparative studies in Majeed Jassem: Writing — review & editing, Writing — original draft,
terms of the effect of beam wave front kind, effect of beam power, and Validation, Methodology, Investigation, Formal analysis. H.A. Sultan:
the temporal evolution of DPs, are given in Figs. 17-19. Comparing with Visualization, Software, Resources. Qusay M.A. Hassan: Visualization,
those numerically obtained, reasonable agreement can be noticed in the Resources, Methodology, Formal analysis, Data curation. C.A. Emsh-
number of rings, area of DPs, and shape of DPs, particularly in their ary: Writing — review & editing, Validation, Project administration,
squeezed form. Methodology, Conceptualization. Wisam A. Radhi: Visualization,

Software, Resources.
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Fig. 25. The simulation of (LC) 2d distribution of beam phase, 1d beam intensity distribution (MC) versus x-axis and (RC) versus y-axis for power input in nitro-
dithizone 8 fluid.
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