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Exploring solvatochromism: a comprehensive ==
analysis of research data of the solvent -solute
interactions of 4-nitro-2-cyano-azo benzene-
meta toluidine
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Abstract

This study investigates the solvatochromic behavior of a new D1 disperse dye, focusing on the 4-nitro-2-cyano-
azo-Benzene-metaToluidine type. Using UV-visible spectroscopy, we analyze the dye's performance in single
solvents and binary mixtures. Our analysis includes the evaluation of solvent polarity parameters and dye structure
parameters, with emphasis on the longest wavelength intramolecular charge transfer absorption band. We identify
nonlinear and linear patterns in the electronic transition energies plots with respect to solvent composition.
Statistical analysis considers correlation coefficients, root mean squared error, mean absolute percentage error,
and other parameters, providing insights into data accuracy and precision. This experimental and statistical study
explores the absorption spectrum, wavelength characteristics, absorption energy, and polarity of a novel azo dye
across various solvent and solute environments. These findings contribute to a comprehensive understanding of
the dye’s photophysical and photochemical properties, potentially enabling applications in optical sensors and
advanced materials.
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Introduction

It is declared that solvents properties including dielec-
tric constant, refractive index values, the dipole moment
and the most pivotal property in this regard, the solvent
polarity have a significant effect on chemical and physi-
cal processes. the position of the absorption or emission
spectra band of molecules can be adjusted by the solvent
polarity [1-3].

Solvatochromism is a phenomenon that provides
valuable information about the spectral shift of a solute
induced by a change in the solvent polarity and describ-
ing the interactions that happen in the solvation shell of
solute [4-7]. Solvatochromism estimates the local field of
forces in the interior of liquids, indirectly, by the energy
of the intermolecular interactions [8—11]. There are many
several beneficial applications for this phenomenon in
industrial and analytic purposes for instance they can be
utilized to develop optical sensor materials to monitor
pollutant levels in the environment [12—-15] and also uses
as a Lewis acid-base color indicator [16-21], imaging
[22-25] and photo-switching [26, 27]. Conjugated mol-
ecules with electron-withdrawing and electron-donating
groups can be considered an excellent solvatochromic
probe because of the color change of these molecules can

be an indicator for solvent polarity. in these molecules,
electron-withdrawing and electron-donating groups lead
to charge transfer within the molecule itself [28]. Among
the solvatochromic compounds Azo dyes have received
great attention due to their wide application in the print-
ing, plastics, textile, cosmetics and food industries [29,
30]. Furthermore, Azo dyes have been utilized as cata-
lyzer exposing to ultraviolet light in photo-catalytic reac-
tions [31]. Some azo dyes could be used as inhibitors for
tumour-growth in biological systems [32-34]. The effi-
cacy of azo colorants stems from the straightforward-
ness of their synthesis through diazotization and azo
coupling processes. The versatility inherent in the myriad
options available for the variation of both the diazo com-
pound and coupling component contributes significantly
to their success. Additionally, their typically high molar
extinction coefficient, coupled with medium to high light
and wet fastness properties, enhances their overall appeal
[35].

ET (The electronic transition energy of the solute in
maximum absorption) is a function of all types of inter-
actions between solvent components and solute. these
interactions are two types including nonspecific inter-
actions such as polarity—polarizability interactions and
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Fig. 1 Molecular structure of the azo dispersion dye used in the study

Fig.2 D1 concentrations in various solvents

specific interactions such as hydrogen bonding and elec-
tron donor acceptor interactions [36—38]. ET parameters
of a solute can be used in order to achieve information
about the preferential solvation phenomena in the mixed
solvent. Also, the change in position of the absorption
maxima and therefore ET values upon changing the sol-
vent composition can reveal the type of the solute-sol-
vent as well as solvent-solvent interactions occurring in
the solvent mixtures [39].

In this current research, an analytical exploration has
been conducted utilizing both inductive and abduc-
tive approaches to analyze the structure of azo dye. Our
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primary focus is on investigating changes in the absorp-
tion energy of a typical azo disperse dye in various polari-
ties of aprotic, protic, and non-polar solvents. Through
the calculation of statistical parameters such as correla-
tion, standard deviation, standard error, p-value, T-criti-
cal, RMSE (root mean squared error), and MAPE (mean
absolute percentage error), as well as the presentation of
formulas in Figs. 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23 and 24; Tables 1, 2, 3, 4,
56,7,8,9 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22 and 23, a comprehensive evaluation and index of the
interaction effect and changes in the studied components
of the new azo dye structure have been obtained.

This study encompasses a spectroscopic examination
and experimental as well as theoretical analysis of the sta-
tistical behavior of solvatochromism, along with induc-
tive and analogical reasoning, concerning absorption
changes, absorption energy, and wavelength shifts of the
D1 disperse dye. Bathochromic and hypsochromic shifts
are investigated in relation to the influence of intermo-
lecular interactions, molecular polarizability, vibrational
effects, and environmental screening across various sol-
vents. These findings offer a comprehensive understand-
ing of the solvatochromic and absorption characteristics
of azo dyes in diverse solvent environments with distinct
structural features. The primary objective of this research
is to establish a conclusive link between data struc-
ture analysis and the combination of electron-donating
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Fig. 3 Absorption energy changes of disperse dye D1 with solvent polarity variation (chloroform, methanol, ethanol, acetone)
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Fig. 4 Displays the absorption spectrum graph corresponding to varying concentrations of disperse azo dye D1
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Fig. 5 3-D Column analyzing changes in absorption, absorption energy, and wavelength of disperse dye D1 in response to solvent polarity (chloroform,
methanol, ethanol, and acetone)
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Fig. 6 Analysis of changes in absorption energy of disperse dye D1 in response to new polarity of chloroform-acetone mixtures with varying ratios
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Fig. 7 3-D column graph analyzing changes in absorption, absorption energy, and wavelength of disperse dye D1 in response to new polarity of
chloroform-acetone mixtures with varying ratios
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Fig. 8 Analysis of changes in absorption energy of disperse dye D1 in response to new polarity of acetone-chloroform mixtures with varying ratios

and electron-accepting substitutions within the azo dye ~ Experimental methodology

structure. This aims to derive a pertinent and practical Materials and reagents

abstract concept that can serve as a model for the devel- ~ All materials were sourced from Merck with a high
opment of novel azo dye structures, laying the ground-  degree of purity. The solvents used were as follows:

work for the integration of artificial intelligence into the

design of these new azo dyes.
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Fig. 9 3-D Column graph analyzing changes in absorption, absorption energy, and wavelength of disperse dye D1 in response to new polarity of
acetone-chloroform mixtures with varying ratios
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Fig. 10 Analysis of changes in absorption energy of disperse dye D1 in response to new polarity of methanol-chloroform mixtures with varying ratios
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Fig. 11 3-D column graph analyzing changes in absorption, new absorption energy, and wavelength of disperse dye D1 in response to new polarity of

methanol-chloroform mixtures with varying ratios
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Fig. 12 3-D column graph analyzing changes in absorption, new absorption energy, and wavelength of disperse dye D1 in response to new polarity of

chloroform-ethanol mixtures with varying ratios
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Fig. 13 Analysis of changes in absorption energy of disperse dye D1 in response to variations in the polarity of chloroform-ethanol mixtures with differ-
ent ratios
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Fig. 14 Analysis of new absorption energy changes in response to altered polarity within ethanol-chloroform mixtures featuring different ratios for
disperse dye D1
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Fig. 15 Analysis of 3-D changes in absorption, new absorption energy, and wavelength of disperse dye D1 in response to altered polarity in ethanol-
chloroform mixtures with varied ratios
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Fig. 16 Variations in new absorption energy of novel disperse Dye D1 with respect to the polarity of chloroform and methanol solvent mixture at various
ratios
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Fig. 17 3-D Column graph depicting changes in absorption, new absorption energy, and wavelength of novel Disperse Dye D1 with varying ratios of a
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Fig. 18 Variations in absorption energy of new disperse dye D1 with polarity changes in benzene, toluene, and xylene solvents
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Fig. 19 Changes in absorption, absorption energy, and wavelength of typical dispersion dye D1 in response to polarity variations in non-polar solvents—
benzene, toluene, and xylene
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Fig. 20 Depicts the relationship between new polarity of non-polar solvents (benzene, toluene, and xylene) at various ratios and corresponding changes
in new absorption energy for new dispersion dye D1
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Fig. 21 3-D column graph exploring changes in absorption, new absorption energy, and wavelength of new dispersion dye D1. investigation empha-
sizes variations in polarity within non-polar solvents—benzene, toluene, and xylene—at different ratios
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Fig. 22 Graphical analysis of changes in new absorption energy as new dispersion dye D1 is exposed to toluene and xylene solvents at different ratios.
the graph highlights a linear relationship, emphasizing the impact of solvent polarity on the dye’s absorption energy
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Fig. 23 3-D column graph illustrating changes in absorption, new absorption energy, and wavelength of novel dispersion dye D1 in response to varying

polarity of non-polar solvents—toluene and xylene—at different ratios

Polar Aprotic Solvents: Acetone (purity>99.8%, e:
(dielectric constant): 20.7), Formaldehyde (purity>99.8%,
€: 38.3) and Acetonitrile (purity>99.8%, €: 35.09).

Non-Polar Solvents: Chloroform (purity>99.5%,
e 4.72), Hexane (purity>99.5%, e: 2.02), Toluene
(purity>99.5%, ¢: 2.38), Benzene (purity>99.5%, ¢: 2.15),
Orthoxylene (purity>99.5%, &: 2.57) and Diethyl Ether
(purity>99.5%, €: 4.33).

Polar protic solvent: Methanol (purity>99.8%, &: 32.7),
Propanol (purity>99.8%, €: 20.1).

Totally, polar protic solvents contain hydrogen atoms
connected directly to highly electronegative atoms like
oxygen or nitrogen, enabling them to participate in
hydrogen bonding. Polar aprotic solvents lack hydrogen
atoms capable of hydrogen bonding, but still possess
polar bonds. Nonpolar solvents lack significant dipole
moments and do not readily interact with ionic com-
pounds or polar molecules.

Experimental equipment
The following equipment was utilized for the experi-
ments: Multi spec-1501 Shimadzu spectrophotometer

(The MultiSpec-1501 can acquire spectra over the entire
wavelength range in just 100 milliseconds, company:
Shimadzu Corporation), EQ-OC1-19 double-beam
UV-Vis Spectrophotometer SP-LUV1910/SP-LUV1920
(Wavelength range: 190 nm~ 1100 nm, company: Infi-
tek China), spectroluminescence device and T80 UV/vis
spectrometer: (Wavelength range: 190 nm~1100 nm,
company: Infitek China).

Statistical analysis of solvatochromism effects on
new disperse dye D1 in single-solvent and dual-
solvent systems

In this section, we delve into the statistical analysis of the
solvatochromism behavior of new disperse dye D1 within
both single-solvent and dual-solvent systems. Single-sol-
vent and dual-solvent systems, comprising solvents with
diverse structural and functional properties, encompass
non-polar, polar aprotic, and polar protic solvents. Solu-
tions containing electrolytes and more than one solvent
are commonly referred to as mixed solvent systems.
Also, Single solvent systems refer to a solvent system that
consists of only one solvent, while dual solvent systems
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Fig. 24 Presents a comprehensive analysis of statistical data pertaining to various solvent structures and their influence on solvent polarity. This 3-D
column graph visually depicts the intricate interaction between solvent polarity and crucial components, encompassing absorption energy, extinction
coefficient, maximum wavelength, and molecular weight. The graph serves as a visual representation, illustrating how shifts in solvent polarity impact
these essential parameters
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Fig. 25 Analysis of absorption test results measurement for new disperse dye D1 in various solvents (Fig. 25; Table 11)
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Table 1 The measurement of variations in polarity, absorption
energy, wavelength, and absorption of new disperse dye D1 in
different solvents

Page 15 of 31

Table 4 The measurement of variations in new polarity, new
absorption energy, wavelength, and absorption of disperse dye
D1 in methanol-chloroform mixtures with varying ratios

The blending of diverse  Abs Wave Et Po-
solvents with novel Length(nm) lar-
disperse dye D1 ity”
The chloroform and novel  0.831 556 514235  0.259

disperse dye D1 blend

The methanol and novel 0.23 548 52.1742  0.762
disperse dye D1 blend
The ethanol and novel 0239 552 51.796 0.654
disperse dye D1 blend
The acetone and novel 04 548 52.1742 0355

disperse dye D1 blend

"The polarity of a solvent is determined by its solvation behavior, which in
turn depends on the action of intermolecular forces (Coulomb, directional,
inductive, dispersion, and charge transfer forces as well as hydrogen bonding
forces) between the solvent and the solute

Table 2 The measurement of variations in polarity, absorption
energy, wavelength, and absorption of disperse dye D1 in
chloroform-acetone mixtures with varying ratios

The solvent-dye D1 mix-  Abs Wave Et mix Po-
ture with varying ratios Length larity
(nm) mix

The 1:1 ratio mixture of 0.311 552 51.7988 0614
chloroform and acetone

The 2:1 ratio mixture of 0.23 548 51.6736 0.29
chloroform and acetone

The 3:1 ratio mixture of 0.232 552 516111 0.282
chloroform and acetone

The 4:1 ratio mixture of 0.215 554 51.5736 0.278

chloroform and acetone

Table 3 The measurement of variations in polarity, absorption
energy, wavelength, and absorption of disperse dye D1 in
acetone-chloroform mixtures with varying ratios

Mixture of solvents with ~ Abs Wave Et i Po-

novel dispersion dye D1 in Length lar-

different proportions (nm) ity
mix

A mixture of acetone and 0.286 552 51.9239 0.322

chloroform with a ratio of

2:1

A mixture of acetone and 031 552 51.9864 033

chloroform with a ratio of

31

A mixture of acetone and 0312 552 52.024 0.335

chloroform with a ratio of
41

involve the use of two different solvents in a system.
These systems are commonly used in various fields such
as chemistry, pharmaceuticals, and material science for
different purposes, including extraction, purification, and
synthesis processes, this analysis aims to provide a com-
prehensive understanding of the dye’s behavior in differ-
ent solvent environments.

The mixture of methanol  Abs Wave Et ix Po-
and chloroform with novel Length lar-
disperse dye D1 in differ- (nm) ity
ent proportions mix
The mixture of methanol 0.138 557 51.7988 1.021
and chloroform with novel

disperse dye in a ratio of 1:1

The mixture of methanol 0.136 556 51,6736 0426
and chloroform with novel

disperse dye with a ratio

of 2:1

The mixture of methanol 0.129 556 516111 0.384
and chloroform with novel

disperse dye with a ratio

of 3:1

The mixture of methanol 0.128 558 51.5736 0.359

and chloroform with novel
disperse dye in a ratio of 4:1

Table 5 The measurement of variations in new polarity, new
absorption energy, wavelength, and absorption of disperse dye
D1 in chloroform-ethanol mixtures with varying ratios

The mixture of chloroform Abs Wave Et ix Po-
and ethanol solvents with Length lar-
new disperse dye D1 in (nm) ity
different ratios mix
The mixture of chloroform 0.206 556 514235 0913
and ethanol solvents with

a new disperse dye with a

ratio of 1:1

The mixture of chloroform 0234 559 51.1475 039
and ethanol solvents with

a new disperse dye with a

ratio of 2:1

The mixture of chloroform 0.207 558 51.2392 0.357
and ethanol solvents with

a new disperse dye with a

ratio of 3:1

The mixture of chloroform 0.195 558 51.2392 0.337

and ethanol solvents with
a new disperse dye with a
ratio of 4:1

Investigation of solvatochromism’s influence on solute-
solvent interactions

In this study, we explored the impact of solvatochro-
mism on solute-solvent interactions by employing spec-
troscopic statistical data analysis. Our focus was on the
behavior of the well-established disperse dye, D1, when
introduced to solvents with diverse structural and func-
tional properties, encompassing non-polar, polar aprotic,
and polar protic solvents.

By scrutinizing the alterations in absorption posi-
tion, intensity, and spectral shape, and by examining the
wavelength characteristics of the spectrophotometric
device, we analyzed how the color attributes of the new
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Table 6 Analysis of measurement variations in new polarity, new
absorption energy, wavelength, and absorption of disperse dye
D1 in ethanol-chloroform mixtures with varying ratios
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Table 9 Investigation of measurement changes in new polarity,
new absorption energy, wavelength, and absorption of non-
polar solvents (benzene and xylene) when mixed with typical

dispersion dye D1 at various ratios

The mixture of ethanol Abs Wave Et i Po-
and chloroform with new Length lar-
disperse dye D1 in differ- (nm) ity
ent proportions mix
The mixture of ethanoland  0.267 556 514235 0.522
chloroform with a new dis-

perse dye at a ratio of 2:1

The mixture of ethanoland ~ 0.273 555 515162 0.554
chloroform with a new dis-

perse dye at a ratio of 3:1

The mixture of ethanoland  0.302 555 515162 0.575

chloroform with a new dis-
perse dye at a ratio of 4:1

Table 7 Analysis of measurement changes in new polarity, new
absorption energy, wavelength, and absorption of novel disperse
dye D1 in chloroform and methanol mixtures with varying ratios

The mixture of chloroform Abs Wave Et i Po-
and methanol solvents Length lar-
with a novel disperse dye (nm) ity
D1 in different proportions mix
The mixture of chloroform 0.151 553 51.7025 0426
and methanol solvents with

a novel disperse dye with a

ratio of 2:1

The mixture of chloroform 0.149 552 51.7961 0.384
and methanol solvents with

a novel disperse dye with a

ratio of 3:1

The mixture of chloroform 0.146 553 51.7025 0.359

and methanol solvents with
a novel disperse dye with a
ratio of 4:1

Table 8 Investigation of measurement changes in new polarity,
new absorption energy, wavelength, and absorption disperse
dye D1 in non-polar solvents (benzene, toluene, and xylene)

Mixture of non-polar solvents Abs Wave Et Po-

in novel disperse paint Length lar-
(nm) ity

Non-polar solvent mixture of 0677 541 52.8493  0.111

benzene in novel disperse dye

Non-polar solvent mixture of 0516 539 53.0454  0.099

toluene in novel disperse dye

Non-polar solvent mixture of 0492  537.21 532222 0072

xylene in novel disperse dye

azo dispersion D1 evolved within solvents characterized
by different polarities and distinct intermolecular inter-
actions, including ion-dipole, dipole-dipole, induced
dipole-dipole, and hydrogen bonding. Furthermore, we
conducted both experimental and theoretical assess-
ments of alterations in adsorption and desorption ener-
gies and other pertinent parameters associated with the
novel structure of azo dye D1.

The mixture of benzene Abs Wave Et ix Po-
and xylene solvents with Length lar-
novel disperse dye D1 in (nm) ity
different proportions mix
The mixture of benzene and  0.782 539 53.0454 0.183
xylene solvents with a novel

dispersion color at a ratio

of 1:1

The mixture of benzene and  0.904 540 52.9472 0.098
xylene solvents with a novel

dispersion color at a ratio

of 2:1

The mixture of benzene and  0.872 540 529472 0.101

xylene solvents with a novel
dispersion color at a ratio
of 3:1

Table 10 Comprehensive analysis of measurement changes

in new polarity, new absorption energy, wavelength, and
absorption characteristics in non-polar solvents (toluene and
xylene) interacting with new dispersion dye D1 at different ratios
Wave Etnix Po-
Length lar-
(nm) ity

The non-polar solvent Abs
mixture of toluene and xy-

lene with a new disperse

dye D1 in different ratios mix

0171

The non-polar solvent mix-  0.541 538 53.1444
ture of toluene and xylene
with a new dispersion dye

with a ratio of 1:1

The non-polar solvent mix-  0.601 538 53.1444 0.081
ture of toluene and xylene
with a new dispersion color

with a ratio of 2:1

The non-polar solvent mix- ~ 0.582 536 53.3423 0.078
ture of toluene and xylene
with a new dispersion color

with a ratio of 3:1

The non-polar solvent mix-  0.571 538 53.144 0.234
ture of toluene and xylene
with a new dispersion color

with a ratio of 4:1

Significance of absorption spectrum, absorption energy,

solute-solvent interactions, and solvent-solvent behavior

The absorption spectrum and absorption energy of a dye
are critical parameters that yield valuable insights into its
structure and properties. In the case of a novel azo dye
within a disperse dye, the absorption spectrum helps
identify the wavelengths at which the dye absorbs light,
revealing its color characteristics. Additionally, analyz-
ing absorption energy provides a deeper understanding
of the electronic transitions occurring within the dye
molecule. When examining the dye’s behavior in mixed
solvents, it is essential to consider solute-solvent inter-
actions. The interaction between the dye molecule and
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Table 11 Comprehensive analysis of measurement changes and statistical summary of investigated components in conventional

disperse dye D1 and corresponding solvent structures

Et € Abs Amax Solvent polarity Solvent Mw
Polarprotic solvent

52.3653 1728.75 0.1383 546 0.617 1- Propanol 60.1
52.9472 4987.5 0.399 540 0.762 Methanol 32.04
Polaraprotic solvent

51.0562 12256.25 0.9805 560 0.386 DMF 73.09
52.7518 12,825 1.026 542 0.46 Acetonitrile 41.05
Non-polar solvent

56.0617 1018375 0.08147 510 0.009 Hexane 86.18
53.9462 11,885 0.9508 530 0111 Benzene 7811
53.3423 11828.75 0.9463 536 0.099 Toluene 92.1381
55.8427 2893.75 0.2315 512 NO Diethyl ether 7412
53.3423 11942.5 0.9554 536 0.073 Mixture of xylene 106.16
533423 12213.75 0.9771 536 0.074 Ortho xylene 106.17

Table 12 Statistical analysis of adsorption energy data for
various solvents interacting with representative dispersive dye
D1

Table 13 Statistical description of quenching absorption
coefficient data from various solvents interacting with new
disperse dye D1

Disperse dye D1 Disperse dye D1

Mean 534998 Mean 8357.9625
Standard Error 0.476670696 Standard Error 1586.005023
Median 533423 Median 11856.875
Mode 533423 Mode -

Standard Deviation 1.507365093 Standard Deviation 5015.388253
Sample Variance 2.272149522 Sample Variance 25154119.33
Kurtosis 0351932208 Kurtosis -1.866458189
Skewness 0.531790578 Skewness -0.606275062
Range 5.0055 Range 11806.625
Minimum 51.0562 Minimum 1018375
Maximum 56.0617 Maximum 12,825

Sum 534.998 Sum 83579.625
Count 10 Count 10

Largest (1) 56.0617 Largest (1) 12,825
Smallest (1) 51.0562 Smallest (1) 1018.375
Confidence Level (95.0%) 1.078304029 Confidence Level (95.0%) 3587.792623

solvent molecules can significantly influence its solubil-
ity, stability, and optical attributes. Depending on the
nature of the solvents, variations in the absorption spec-
trum and absorption energy may occur, resulting in sol-
vatochromism behavior, which signifies changes in the
dye’s color or absorption properties in distinct solvent
environments. Moreover, comprehending solvent-solvent
interactions within dual-solvent systems is paramount
for dye dissolution and application. The interactions
between the two solvents, encompassing factors such as
miscibility and preferential solvation, can directly impact
the dye’s solubility and stability. These aspects have far-
reaching implications for the dye’s utilization across vari-
ous industries, including textile dyeing, ink formulation,
and colorant production.

In summary, the investigation of the absorption spec-
trum, absorption energy, solute-solvent interactions, and

solvent-solvent behavior plays a pivotal role in under-
standing solvatochromism behavior and the dissolution
of a novel azo dye structure. This knowledge serves as
a foundation for optimizing the dye’s performance and
application in diverse solvent environments and indus-
trial applications.

Experimental procedure

Experimental design

A concentrated stock solution of a new disperse dye D1,
featuring an azo structure, was prepared with a concen-
tration of 0.001 M in chloroform solvent. Subsequently,
solutions with lower concentrations were derived from
this stock solution for spectrophotometric analysis. To
achieve this, the initial concentration of 0.001 M in vari-
ous solvents was used as a starting point. For instance,
0.1 cc of the concentrated 0.001 M solution in chloroform
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Table 14 Statistical overview of absorption rate data for new
disperse dye D1 across various solvents
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Table 16 Statistical analysis of polarity data for polar protic,
polar aprotic, and non-polar solvents

Disperse dye D1 Disperse dye D1

Mean 0.668637 Mean 0.287888889
Standard Error 0.126880402 Standard Error 0.091970473
Median 0.94855 Median 0.111

Mode - Mode

Standard Deviation 040123106 Standard Deviation 0.275911419
Sample Variance 0.160986364 Sample Variance 0.076127111
Kurtosis -1.866458189 Kurtosis -1.07004814
Skewness -0.606275062 Skewness 0.723734372
Range 0.94453 Range 0.753
Minimum 0.08147 Minimum 0.009
Maximum 1.026 Maximum 0.762

Sum 6.68637 Sum 2.591

Count 10 Count 9

Largest (1) 1.026 Largest (1) 0.762
Smallest (1) 0.08147 Smallest (1) 0.009
Confidence Level (95.0%) 0.28702341 Confidence Level (95.0%) 0.212084291

Table 15 Statistical analysis of maximum wavelength data for a
solvent mixture in combination with novel disperse dye D1

Table 17 Statistical analysis of molecular weight for various
solvents and the new disperse dye D1

Disperse dye D1 Disperse dye D1

Mean 5348 Mean 98.74164545
Standard Error 4.715930449 Standard Error 2487042184
Median 536 Median 78.11

Mode 536 Mode -

Standard Deviation 14.91308151 Standard Deviation 82.48585761
Sample Variance 2224 Sample Variance 6803.916705
Kurtosis 0.388680833 Kurtosis 8.730363075
Skewness -0.388984613 Skewness 2817314674
Range 50 Range 304.96
Minimum 510 Minimum 32.04
Maximum 560 Maximum 337

Sum 5348 Sum 1086.1581
Count 10 Count 1

Largest (1) 560 Largest (1) 337

Smallest (1) 510 Smallest (1) 32.04
Confidence Level (95.0%) 10.66817584 Confidence Level (95.0%) 5541475316

was employed to create 10 cc solution with 0.001 M con-
centration in acetonitrile. The procedure involved trans-
ferring 0.1 cc of the stock solution to 10 cc volumetric
flask, allowing complete evaporation of chloroform, and
then adding acetonitrile to the flask to reach the desired
volume. This methodology facilitated the generation of
solutions with different solvents, eliminating the need to
prepare separate solutions for each measurement. Con-
sequently, we obtained solutions representing a range
of solvents and the new azo dispersion dye D1. Further-
more, using the stock solution, a blend of polar aprotic,
polar protic, and non-polar solvents was prepared in
varying ratios, creating a spectrum of polarities for the
D1 dye structure, as illustrated in Fig. 1.

In this experiment, we employed three distinct classes
of solvents characterized by varying structures and
functionalities: polar protic, polar aprotic, and nonpo-
lar solvents. Additionally, a new azo dispersion dye, D1
(depicted in Fig. 1), was utilized. The use of statistical
data allowed us to integrate empirical and theoretical
approaches comprehensively. Our objective was to ana-
lyze, predict, explain, and draw generalizations from the
statistical data. This encompassed a thorough exami-
nation of the interaction between the diverse solvents
and the D1 dye, offering insights into its behavior and
performance.

The Fig. 1 illustrates the molecular structure and name
of the new dispersive dye utilized in this study: 4-nitro-
2-cyanoazobenzene-meta-toluidine, designated as DI.
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Table 18 Results of two-sample t-test (assuming equal
variances) for two sets of statistical data on absorption energy
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Table 21 Statistical errors for 10 data related to absorption
energy in a solvent mixture with novel disperse dye D1

Variable 1 Variable 2 Statistical Errors
Mean 534998 54,0898 n 10
Variance 2272149522 2349873967 MAD 0.59
Observations 10 10 MSE 0443
Pooled Variance 2311011744 Pooled stan- RMSE 0.6655825
dard deviation MAPE 1.1040355
1520201218
B?;?e?;:iselzed Mean 0 Table 22 Statistical errors for 10 data related to absorption in
o 18 various solvent mixtures with novel dispersed dye D1
¢ Stat 0867832555 Statistical Errors
P(T<=1) one-tail 0.198454422 " 10
t Critical one-tail 1.734063607 MAD 007233
P(T<=t) two-tail 0.396908844 MSE 0028632299
t Critical two-tail 2.10092204 RMSE 0169210812
MAPE 10.19100671

Table 19 Results of two-sample t-test (assuming equal
variances) for two sets of statistical data on absorption

Variable 1 Variable 2
Mean 0.668637 0.740967
Variance 0.160986 0.233107019
Observations 10 10
Pooled Variance 0.197047 Pooled stan-
dard deviation
0443899416
Hypothesized Mean Difference 0
df 18
t Stat -0.36435
P(T<=t) one-tail 0.359921
t Critical one-tail 1.734064
P(T<=t) two-tail 0.719842
t Critical two-tail 2.100922

Table 20 Results of two-sample t-Test (assuming equal
variances) for two statistical data series related to maximum
wavelength

Variable 1 Variable 2
Mean 534.8 541.1
Variance 2224 228.9888889
Observations 10 10
Pooled Variance 2256944444 Pooled stan-
dard deviation
15.02313031
Hypothesized Mean 0
Difference
df 18
t Stat -0.937702593
P(T<=t) one-tail 0.18040492
t Critical one-tail 1.734063607
P(T<=t) two-tail 0.36080984
t Critical two-tail 2.10092204

Table 23 Statistical errors for 10 data related to maximum
wavelength in a solvent mixture with novel disperse dye D1
Statistical Errors

n 10

MAD 6.3

MSE 473

RMSE 6.877499546
MAPE 1.179161087

The compound is a new azo purple disperse pigment
with a molecular weight of 337 g/mol. It contains elec-
tron donor groups (CH,, N(C,H;),) and electron accep-
tor groups (N,, NO,, CN). The critical pressure (P) is
4328.25 KPa, the normal boiling point temperature (T},;)
is 620.57 K, the normal melting point temperature (Tj,)
is 446.98 K, and the critical volume (V) is 0.430 m3/
kmol.

The Fig. 2 illustrates the concentrations of new disperse
dye D1 in solvents, including benzene, toluene, orthoxy-
lene, acetonitrile, methanol, 1-propanol, and DMFE.

Results and discussion

Results from tables and figures

The analogy reasoning of polarity changes correlates with
variations in absorption energy, wavelength, and absorption
of new azo dyes within single solvent environments

The table provides information on the highest and low-
est absorption rates, wavelength, absorption energy and
polarity for various solvent mixtures with novel disperse
dye D1. The chloroform-D1 mixture exhibited the high-
est absorption rate, reaching 0.831, while the methanol-
D1 mixture displayed the lowest absorption rate at 0.23.
Additionally, the maximum wavelength (\) recorded was
556 nm in the chloroform-D1 mixture, whereas the low-
est wavelength, 548 nm, was observed in the methanol-
D1 mixture. The data suggests that altering the polarity



Shirali et al. BMC Chemistry (2024) 18:154

of the solvent significantly influences both the absorp-
tion level and absorption energy. Notably, the absorp-
tion energy (AEt) for individual mixtures was calculated,
yielding a value of 0.7507. The maximum absorption
energy (E) can be determined using the Eq. (1):

E(kcal/mol) = 28591.5/\ max (1)

The Eq. 1 allows the calculation of E based on the maxi-
mum wavelength (A max).

Figure 3 illustrates the variations in absorption energy
of disperse dye D1 as a function of solvent polarity, spe-
cifically in chloroform, methanol, ethanol, and acetone
solutions. In Fig. 3; Table 1, the highest absorption
energy of 52.1742 was recorded for both the methanol-
D1 and acetone-D1 mixtures, corresponding to the high-
est observed polarity of 0.762. Conversely, the lowest
polarity value, 0.259, was observed in the chloroform-
D1 mixture. Figure 3 presents the relationship between
energy and solvent polarity, showed by the equation
Y=0.1874X+51.424, with a correlation coefficient (R?)
value of 0.4526, a statistic is the standard deviation of
its sampling distribution standard error (SE) has been
calculated. The data analysis and processing were con-
ducted through laboratory experimentation, yielding a
low R? value and a high SE value, indicating increased
uncertainty in the experimental and laboratory data.
However, employing these statistical and theoretical cal-
culations has enabled the analysis of experimental data
and the inferential estimation of the dispersed dye Azo
D1’s interaction effects across various solvent and solute
environments. Therefore, the absorption energy of a dye
disperse solution is significantly influenced by the polar-
ity of the system. In polar solvents, interactions between
novel dye and solvent molecules can modify the elec-
tronic environment around the novel dye, causing shifts
in absorption energy. This effect is due to changes in sol-
vation energy and charge transfer interactions, impacting
the absorption spectra of the novel dye disperse system.
Overall, the absorption of energy in the solution can alter
molecular interactions, affecting charge distribution and
system polarity [40, 41].

The absorption spectrum graph in Fig. 4 has been com-
puted and plotted based on different concentrations of
new disperse azo dye D1. The formula Y=19640x-1.048
with an R? value of 0.8101 and a calculated standard
error.

Figure 5 depicts a 3-D column graph that explores the
variations in absorption, absorption energy, and wave-
length of disperse dye D1 in relation to the polarity of the
solvents: chloroform, methanol, ethanol, and acetone.
An important observation from the absorption energy
data is that the mixtures of methanol-D1 and acetone-
D1 exhibit a hypsochromic shift, leading to shorter
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wavelengths. In contrast, the mixtures of ethanol-D1
and chloroform-D1 display a bathochromic shift, result-
ing in longer wavelengths. The visualization and observ-
ability of the results from experimental tests, statistical
data structuring, and inductive reasoning, along with the
findings presented in Table 1; Figs. 3 and 5, collectively
constitute an inferential model. This model suggests
that the primary cause of the hypsochromic change is
the solvent effect. Increasing solvent polarity facilitates
electron transfer from the m* molecular orbital to non-
bonding pairs of electrons in n and 1* molecular orbitals,
thus shifting absorption towards higher frequencies. The
bathochromic shift is also attributed to solvent-induced
structural changes. Increased solvent polarity facilitates
electron transfer from the m and m* molecular orbitals,
causing a shift towards lower frequencies (longer wave-
lengths). This phenomenon arises from the polarizing
forces between the solvent and the absorber, resulting in
the lowering of energy levels of the n* and m molecular
orbitals, consequently amplifying the influence on m*.
The objectification of experimental and statistical data
into a 3-D Column representation has facilitated the
development of a computational, descriptive, and infer-
ential model for the new disperse dye D1. This approach
has led to a reduction in cognitive errors and uncertainty
in the experimental results. Therefore, the polarity of
the solution in a novel dye disperse system can signifi-
cantly affect absorbance and wavelength characteristics.
In such systems, changes in the polarity of the solvent
can influence the solubility and dispersion of the novel
dye molecules, leading to variations in absorbance levels
and absorption wavelengths. The polarity of the solution
can impact the electronic transitions within the new dye
molecules, affecting their spectral properties and overall
performance in the disperse system. This information is
crucial for understanding the dye’s behavior in various
applications, such as in dye-sensitized solar cells, fluores-
cence imaging, or coloration processes.

The analogy reasoning explores how changes in polarity
correlate with shifts in absorption energy and wavelengths
of new azo dyes in dual solvent systems with different
chloroform-acetone ratios

The adsorption energy in binary mixtures can be calcu-
lated using the following Eq. 2:

E 15(id) = 21 Ery = 22 Epo (2)

The calculation of the new polarity in solvent mixtures is
performed using Eq. 3:

P o(id)z1py + wop2 (3)
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Table 2 presents the findings from the analysis of chloro-
form and acetone mixtures with varying ratios. Notably,
the mixture of chloroform and acetone with a 1:1 ratio
exhibited the highest absorption rate, recording a value
of 0.311, while the mixture with a 2:1 ratio displayed the
lowest absorption rate at 0.23. In terms of wavelength,
the mixture of chloroform and acetone with a 4:1 ratio
showed the highest wavelength, measuring 554 nm, while
the mixture with a 2:1 ratio had the lowest wavelength,
at 548 nm. Additionally, the absorption energy (AEt) for
these binary mixtures was calculated, resulting in a value
of 0.225.

The results further indicate that the mixture of chloro-
form and acetone with a 1:1 ratio exhibited the highest
absorption energy at 51.7988. This resulted in a hyp-
sochromic shift (shorter wavelength). Conversely, the
mixture with a 4:1 ratio displayed the lowest absorption
energy and a bathochromic shift (longer wavelength).
It seems that the highest absorption levels and absorp-
tion energies are observed in solvents with the highest
polarity.

This observation and the inductive reasoning from
experimental data suggest that the increasing ratio of
chloroform to acetone, along with the interactive effects
of these solvents, contribute to the observed phenom-
enon. The interaction between chloroform (a non-polar
solvent) and acetone (a polar aprotic solvent) gives rise
to new molecular dipoles, consequently increasing the
polarity of the solvent. This enhanced polarity facilitates
electron transfer from the m* molecular orbital to the m
molecular orbital.

The test results and statistical inference presented in
Table 2 support the assumption that the polarizing forces
between the solvent and the absorber significantly influ-
ence the alignment of molecular orbitals, particularly
impacting the m* (unexcited) and m (excited) orbitals.
This effect is more pronounced on the i* orbital.

In Table 2; Fig. 6, the highest absorption energy value,
52.7988, was observed in the mixture of chloroform and
acetone with a 1:1 ratio and disperse dye D1, while the
lowest absorption energy value, 51.5736, was found in the
mixture of chloroform and acetone with a 4:1 ratio and
disperse dye D1.Furthermore, the highest new polarity
value, 0.614, was recorded for the 1:1 mixture of chloro-
form and acetone with disperse dye D1, while the lowest
new polarity value, 0.278, was observed in the 4:1 mix-
ture of chloroform and acetone with disperse dye D1.

Figure 6 demonstrates a linear relationship in
these changes, characterized by the equation
Y=0.5495x+51.463, along with R® value of 0.8477.
Additionally, a statistic is the standard deviation of its
sampling distribution SE has been calculated to assess
the model’s reliability. The data analysis and processing
were conducted through laboratory experimentation,
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resulting in an increase in the R? value and a decrease in
the SE value. Consequently, a decrease in uncertainty was
observed in the experimental and statistical data.

Figure 7 presents a 3-D column graph that investigates
the alterations in absorption, absorption energy, and
wavelength of disperse dye D1 in response to the chang-
ing polarity of chloroform and acetone mixtures with
different ratios. Within Fig. 7, the analysis encompasses
changes in absorption, new absorption energy, and wave-
length for disperse dye D1 based on the new polarity of
chloroform and acetone solutions with varying ratios.
These changes are characterized by linear relationships.
Remarkably, the investigation revealed that the mixture
of chloroform and acetone with a 1:1 ratio displayed the
highest new polarity and new absorption energy. Addi-
tionally, the effects of increasing the molecular weight of
chloroform and acetone solvents on polarity and absorp-
tion energy are supposition within this concept. Further-
more, increasing the proportion of chloroform relative
to acetone in the mixed solvents leads to a decrease in
polarity, absorption, and absorption energy.

The analogy-based reasoning examines how changes in
polarity correlate with variations in absorption energy and
wavelengths of new azo dyes in dual solvent systems with
varying acetone-chloroform ratios

Table 3 presents the findings obtained from the experi-
ment. Notably, the mixture of acetone and chloroform
with a 1:4 ratio exhibited the highest absorption energy
at 52.024, resulting in a hypsochromic shift (shorter
wavelength). Conversely, the mixture with a 2:1 ratio dis-
played the lowest absorption energy, measuring 51.9239,
leading to a bathochromic shift (longer wavelength). The
observed effects are attributed to the increasing ratio of
acetone to chloroform and the interactive influence of
acetone (a polar aprotic solvent) with chloroform (a non-
polar solvent). This interaction results in the emergence
of a new polarity marked by new molecular dipoles.
Increasing the new polarity of the solvent induces a
bathochromic shift and facilitates electron transfer from
the m * molecular orbital. This shift is assumed by the
polarizing forces between the solvent and the absorber,
which impact the molecular orbital levels of m (unex-
cited) and m * (excited), with a greater effect on m *.
Additionally, the highest absorption rate, 0.312, was asso-
ciated with the 4:1 mixture of acetone and chloroform
with disperse dye D1, while the lowest absorption rate,
0.286, was related to the 2:1 mixture of acetone and chlo-
roform with disperse dye D1. Minor changes in wave-
length were also observed for the acetone-chloroform
mixtures with different ratios. The calculated absorption
energy (AEt) for these binary mixtures yielded a value
of 0.1001. These findings offer valuable theoretical and
experimental insights into the impact of solvent-to-solute
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ratios and intermolecular interactions, molecular polar-
izability, vibrational effects, and environmental screening
on the absorption spectral properties. They enhance pre-
dictability regarding the behavior and performance of the
D1 disperse dye [42].

Figure 8 explores the variations in absorption energy
exhibited by disperse dye D1 in response to the dynamic
polarity changes in acetone-chloroform mixtures with
varying ratios. As detailed in Table 3 and illustrated in
Fig. 8, the investigation identified the highest absorption
energy value, 52.024, occurring in the 4:1 ratio mixture
of acetone and chloroform with disperse dye D1. In con-
trast, the lowest absorption energy value, 51.9239, was
observed in the 2:1 ratio mixture of acetone and chloro-
form with disperse dye D1.

Moreover, the analysis revealed the highest recorded
new polarity value, 0.335, for the 4:1 mixture of ace-
tone and chloroform with disperse dye D1, while the
lowest new polarity value, 0.322, was observed in the
2:1 mixture of acetone and chloroform with the same
dye. Figure 8 effectively depicts a linear relationship
among these changes, represented by the equation
Y=7.7105x+49.441, with R® value of 0.9999. Additionally,
to ensure the model’s reliability, a statistic is the standard
deviation of its sampling distribution SE has been calcu-
lated and considered in the analysis. This rigorous exami-
nation contributes valuable insights to the understanding
of absorption energy variations in disperse dye D1 within
complex solvent mixtures. The data analysis and induc-
tive reasoning processing were conducted through labo-
ratory experience, resulting in an increase in the R? value
and a decrease in the SE value. Consequently, a decrease
in uncertainty was observed in the experimental and lab-
oratory data.

Figure 9 introduces a 3-D column graph designed to
assess the fluctuations in absorption, absorption energy,
and wavelength of disperse dye D1 in response to the
changing polarity of acetone-chloroform mixtures with
varying ratios. The graphical representation within Fig. 9
accents a linear relationship in the alterations of absorp-
tion, new absorption energy, and wavelength. Remark-
ably, the 4:1 ratio mixture of acetone and chloroform
solvents emerged with the highest new polarity and new
absorption energy values.

Furthermore, this diagram not only illustrates linear
changes but also offers valuable theoretical and experi-
mental insights into the impact of molecular weight and
new structures of acetone and chloroform solvent mix-
tures on polarity, absorption energy, absorption, wave-
length, vibrational effects, and environmental screening.
The structured presentation in Fig. 9 enhances the clarity
and coherence of the data and findings, contributing to
a more comprehensive understanding of the interaction
between solvent composition and key color properties.
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Through analogy reasoning, we explore the relationship
between changes in polarity and shifts in absorption energy
and wavelengths of new azo dyes in dual solvent systems
with varying methanol and chloroform ratios

Table 4 summarizes the outcomes derived from an in-
depth analysis of methanol and chloroform mixtures at
varying ratios in conjunction with disperse dye D1. The
findings reveal that the highest absorption energy was
discerned in two instances: first, in the 1:1 ratio mixture
of methanol (a polar protic solvent) and chloroform (a
non-polar solvent), and second, in the mixture of meth-
anol and chloroform with a 1:2 ratio. This observation
assumed a hypsochromic shift, attributed to the esca-
lating solvent polarity and the ensuing electron transfer
from m* to n molecular orbitals. This electron transfer
prompts interaction between the solvent and non-bond-
ing electron pairs in molecular orbitals, inducing a shift
towards higher frequencies.

Conversely, elevating the ratio of chloroform (a non-
polar solvent) in methanol (also a non-polar solvent)
results in the emergence of new solvent structures
with varying polarities. This precipitates a reduction in
absorption energy, leading to a bathochromic shift. This
shift is propelled by the polarizing forces between the
solvent and the absorber, influencing the energy levels
of the 1 (unexcited) and 1* (excited) molecular orbitals,
with a supposed impact on the m* molecular orbital. The
observed phenomenon appears to stem from the inter-
molecular interactions within the novel solvent mixture
structure, coupled with the altered polarizability and
vibrational effects.

Additionally, the highest absorption rate, 0.138, cor-
responds to the 1:1 mixture of methanol and chloroform
with disperse dye D1, while the lowest absorption rate,
0.128, is associated with the 4:1 mixture of methanol and
chloroform with disperse dye D1. Minor fluctuations in
wavelength were also noted for the methanol-chloroform
mixtures at different ratios. The calculated absorption
energy (AEt) for these binary mixtures resulted in a value
of 0.225. These findings offer nuanced insights into the
intricate interaction of solvent ratios and interactions,
delineating their profound impact on the absorption
characteristics and behavior of disperse dye D1.

Figure 10 delves into the nuanced variations in absorp-
tion energy exhibited by disperse dye D1 in response
to the changing polarity of methanol-chloroform mix-
tures with diverse ratios. The corresponding findings in
Table 4; Fig. 10 reveal noteworthy insights. The highest
absorption energy value, 51.7988, surfaced in the 1:1
mixture of methanol and chloroform with disperse dye
D1, while the lowest absorption energy value, 51.5736,
was identified in the 4:1 mixture of methanol and chloro-
form with the same dye.
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Furthermore, the investigation unveiled the highest
recorded new polarity value, 1.021, associated with the
1:1 mixture of methanol and chloroform with disperse
dye D1, compared against the lowest new polarity value,
0.359, observed in the 4:1 mixture of methanol and chlo-
roform with the same dye. Illustrating these changes,
Fig. 10 summarizes the relationship between new absorp-
tion energy and new polarity, showed by the equation
Y=0.2933X+51.504, showcasing a strong R* value of
0.8864. In the pursuit of model reliability, a statistic is
the standard deviation of its sampling distribution SE
has been meticulously calculated, fortifying the robust-
ness of the findings. The data analysis and processing,
conducted through laboratory experimentation, resulted
in an increase in the R? value and a decrease in the SE
value. This led to a reduction in uncertainty observed in
the experimental and laboratory data.

Figure 11 introduces a 3-D column graph meticulously
designed to assess the dynamic variations in absorption,
new absorption energy, and wavelength of disperse dye
D1 in response to the changing polarity of methanol-
chloroform mixtures across various ratios. The analysis
within Fig. 11 distinctly reveals a linear trend showing
the alterations in absorption, new absorption energy, and
wavelength.

Remarkably, the 1:1 ratio mixture of methanol and
chloroform solvents emerges as a focal point, exhibiting
the highest new polarity and new absorption energy val-
ues. This graphical representation not only elucidates the
linear changes but also offers valuable insights into the
impact of the molecular weight of methanol and chloro-
form solvents on new polarity, new absorption energy,
absorption, wavelength and optimization of experimen-
tal design. By systematically exploring these interactions,
Fig. 11 enhances our understanding of the interaction
between solvent composition and key characteristics of
the disperse dye D1, contributing to a more comprehen-
sive interpretation of the experimental data and inductive
reasoning.

By employing analogy reasoning, we explore how changes in
polarity correlate with variations in absorption energy and
wavelengths of new azo dyes in dual solvents with varying
chloroform-ethanol ratios

Table 5 presents the findings obtained from the analysis
of chloroform and ethanol mixtures with varying ratios
in conjunction with new disperse dye D1. The results
indicate that the highest absorption energy was observed
in the 1:1 mixture of chloroform (a non-polar solvent)
and ethanol (a polar protic solvent) with disperse dye
D1, yielding an absorption energy of 51.4235. In con-
trast, the lowest absorption energy, 51.1475, was found in
the 2:1 mixture of chloroform and ethanol with disperse
dye D1. This trend is indicative of the impact of varying
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solvent ratios on absorption energy. Furthermore, the
new polarity of the solvent mixtures showed the highest
value, 0.913, in the 1:1 mixture of chloroform and etha-
nol with disperse dye D1, while the lowest new polarity
value, 0.337, was observed in the 4:1 mixture of chloro-
form and ethanol with disperse dye D1. These variations
in new polarity are a consequence of changing solvent
ratios. Additionally, the highest absorption rate, 0.234,
was associated with the 2:1 mixture of chloroform and
ethanol with disperse dye D1, while the lowest absorp-
tion rate, 0.195, was linked to the 4:1 mixture of chlo-
roform and ethanol with disperse dye D1. Tiny changes
in wavelength were observed for the different ratios of
chloroform and ethanol solvents with disperse dye DI1.
The calculated absorption energy (AEt) for these binary
mixtures yielded a value of 0.276. These findings offer
valuable insights into the influence of different ratios of
chloroform and ethanol solvents on absorption proper-
ties, intermolecular interactions, polarizability in high
solvent dielectric constants, and solvation behavior of the
dispersed dye D1.

Figure 12 introduces a 3-D column graph designed to
comprehensively and inductive reasoning assess varia-
tions in absorption, new absorption energy, and wave-
length of disperse dye D1 in response to alterations in the
polarity of chloroform-ethanol mixtures across diverse
ratios. The analysis within Fig. 12 distinctly reveals a
linear trend characterizing changes in absorption, new
absorption energy, and wavelength.

Significantly, the 1:1 ratio mixture of chloroform and
ethanol solvents stands out, exhibiting the highest new
polarity and new absorption energy values. This graphi-
cal representation not only elucidates the linear changes
but also provides valuable insights into the impact of the
molecular weight of chloroform and ethanol solvents on
new polarity, new absorption energy, absorption, and
wavelength. This visualization enhances the presenta-
tion of the data structure and findings depicted in Fig. 12,
thereby augmenting the interpretability and depth of the
theoretical and experimental results.

Using analogy reasoning to examine how changes in polarity
relate to shifts in absorption energy and wavelengths of new
azo dyes in dual solvents with different ethanol-chloroform
ratios

Table 6 succinctly summarizes significant findings
derived from the comprehensive analysis of ethanol and
chloroform mixtures across varying ratios in conjunction
with disperse dye D1. The results highlight the highest
observed new absorption energy, 51.4235, in the 2:1 mix-
ture of ethanol (a polar protic solvent) and chloroform (a
non-polar solvent) with disperse dye D1. In contrast, the
lowest new absorption energy, 51.5162, was identified in
the 4:1 and 3:1 mixture of ethanol and chloroform with
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the same dye, showcasing a nuanced interaction with
changes in solvent ratios.

Additionally, the analysis revealed the highest new
polarity value, 0.575, in the 4:1 mixture of ethanol and
chloroform with disperse dye D1, while the lowest new
polarity value, 0.522, was observed in the 2:1 mixture of
ethanol and chloroform with the dye. These fluctuations
in new polarity underscore the sensitivity of the system
to varying solvent ratios. Moreover, the highest absorp-
tion rate, 0.302, was attributed to the 4:1 mixture, while
the lowest absorption rate, 0.267, was linked to the 2:1
mixture, indicating the distinct influence of different
ratios on absorption characteristics.

Despite tiny changes in wavelength observed for the
different ratios of ethanol and chloroform solvents in
conjunction with disperse dye D1, it’s crucial to note that
the alterations in absorption energy, although relatively
slight, result in bathochromic and hypsochromic shifts
in the absorption spectra, as explained in previous sec-
tions (Tables 2 and 4, and 3). The calculated absorption
energy (AEt) for these binary mixtures yielded a value of
0.092, providing a quantitative measure of these subtle
variations. These findings offer valuable theoretical and
experimental insights into the intricate impact of varying
ratios of ethanol and chloroform solvents on the absorp-
tion characteristics and behavior of the D1 disperse
dye. Specifically, they display the changes in absorption,
absorption energy, and the polarities of new mixed sol-
vent structures across different levels (high/medium/
low).

Figure 13 conducts a detailed analysis of the common
relationship between changes in the absorption energy
of disperse dye D1 and shifts in the polarity of chloro-
form-ethanol mixtures across different ratios. The graph
serves as a valuable tool for understanding the dynamics
between new absorption energy and the varying polarity
of the solvent mixture. These changes are presented dis-
tinctly, revealing a clear linear trend within the graph.

The formulated equation, Y=0.3756X+51.075, sum-
marizes the calculated alterations in new absorption
energy corresponding to the changing polarity. The high
R*=0.8055 attests to the reliability and strength of the
observed trend, while a statistic is the standard deviation
of its sampling distribution SE quantifies the precision of
the results. These clarifying’s contribute to a more struc-
tured and clear presentation of the data and findings in
Fig. 13, enhancing the interpretability and robustness of
the observed trends. The data analysis and processing,
conducted through laboratory experiments, resulted in
an increase in the R* value and a decrease in the SE value,
indicating a reduction in uncertainty observed in the
experimental and laboratory data.

Figure 14 meticulously analyzes the impact of shifts in
the polarity of ethanol-chloroform mixtures with varying
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ratios on the new absorption energy of disperse dye D1.
The graph distinctly portrays the trend of changes in new
absorption energy in response to alterations in the polar-
ity of the solvent mixture, presenting it as a clear and lin-
ear progression.

The formulated equation, Y=1.8436X+50.471, suc-
cinctly captures the calculated changes in new absorp-
tion energy corresponding to shifts in the polarity of the
solvents. The high R?=0.8452 attests to the reliability and
robustness of the observed trend, while a statistic is the
standard deviation of its sampling distribution SE quan-
tifies the precision of the results. These clarifications
contribute to a more structured and clear presentation
of the data and findings in Fig. 14, facilitating enhanced
interpretation and understanding of the observed trends.
The data analysis and processing, conducted through lab-
oratory experience, revealed an increase in the R* value
and a decrease in the SE value, resulting in a decrease in
uncertainty observed in the experimental and laboratory
data.

Figure 15 undertakes a comprehensive evaluation of the
absorption characteristics, encompassing new absorp-
tion energy and wavelength, of a typical diffuse dye (D1)
within mixed solvents of ethanol and chloroform featur-
ing diverse ratios. The ensuing graphs reveal a discernible
linear trend, with the solvent mixture at a 4:1 ethanol to
chloroform ratio demonstrating the highest new polarity
and absorption energy.

Moreover, the analysis delves into the impact of the
molecular weights of ethanol and chloroform on new
polarity, absorption energy, absorption levels, and wave-
length, emphasizing on the intricate interaction between
solvent composition and key features of the disperse dye.
These findings, abbreviated in Fig. 15, provide valuable
insights into the nuanced effects of varying solvent ratios
and molecular weights on the absorption properties of
the disperse dye D1.

Using analogy reasoning, we explore how changes in
polarity correspond to variations in absorption energy and
wavelengths of new azo dyes in dual solvents with different
chloroform-methanol ratios

Table 7 offers valuable insights into the nuanced changes
in new polarity, new absorption energy, wavelength, and
absorption of novel disperse dye D1 across various mix-
tures of chloroform and methanol. The results under-
score that, despite variations in these parameters with
changing ratios of chloroform and methanol, the differ-
ences in absorption energy remain relatively minor. The
mixture of chloroform and methanol with a ratio of 3:1
exhibits the highest new absorption energy, while the
lowest is observed in the 4:1 ratio mixture. This suggests
that the composition of the solvent mixture, particularly
the ratio of the non-polar solvent (chloroform) to the
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polar protic solvent (methanol), has a subtle impact on
the electronic transitions within the dye molecule.

Similarly, new polarity values vary with the ratios,
peaking in the 2:1 mixture and reaching the lowest point
in the 4:1 mixture. These changes in new polarity reflect
alterations in the solvent environment, influencing the
optical properties of the dye. Notably, despite these
variations in new polarity and new absorption energy,
the shifts in absorption are minor. These subtle changes
align with bathochromic and hypsochromic shifts, con-
sistent with the explanations provided in previous sec-
tions (Tables 2 and 4, and 3). Such shifts are influenced
by alterations in the polarity of the solvent, impacting
electron transitions within the dye molecule.

In summary, the data in Table 7 highlights the subtle
yet discernible changes in the properties of new dis-
perse dye D1 when exposed to different ratios of chloro-
form and methanol. While the differences in absorption
energy are minimal, they can still exert influence on the
color and optical characteristics of the dye. These find-
ings are crucial for comprehending the solvatochromism
behavior that occurs in response to alterations in solvent
composition.

Figure 16 undertakes an examination of the changes
in new absorption energy for novel disperse dye D1
regarding the new polarity of the mixture of chloro-
form and methanol solvents across various ratios. How-
ever, the data presented in Fig. 16 reveals a weak or
nearly non-existent correlation between new polarity
and new absorption energy. The formulated equation,
Y = -0.2313X+51.824, succinctly describes the calcu-
lated changes in new absorption energy corresponding
to shifts in the polarity of the solvents. However, the low
R? value of 0.021 indicates a minimal linear relationship
between these two variables. This lack of a strong correla-
tion suggests that changes in the polarity of the solvent
mixture (chloroform and methanol) within the tested
range have little impact on the absorption energy of new
disperse dye D1. It implies that other factors may exert
a more substantial influence on the absorption energy of
the dye in this particular solvent mixture. Furthermore,
considering the SE, which offers a measure of variabil-
ity in the data, becomes relevant. If the standard error is
relatively high, it indicates significant uncertainty in the
relationship between new polarity and new absorption
energy. In conclusion, Fig. 16 implies that the new polar-
ity of the mixture of chloroform and methanol solvents,
with different ratios, does not strongly correlate with
new absorption energy for normal disperse dye D1. The
observed relationship lacks statistical robustness, indi-
cating that additional factors or interactions may contrib-
ute significantly to determining the absorption energy of
the dye in this specific solvent mixture.
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Figure 17 unfolds as a 3-D column graph, offering a
visual representation of the changes in absorption, new
absorption energy, and wavelength of a new disperse dye
D1 in response to the new polarity of mixed solvents of
chloroform and methanol across different ratios. The
graph distinctly portrays linear changes in these param-
eters as a function of the new polarity. Notably, the sol-
vent mixture of chloroform and methanol with ratios of
2:1 and 3:1 exhibits the highest new polarity and new
absorption energy, it seems that increasing the ratio
of chloroform to methanol increases the new polarity,
absorption and absorption energy.

The observed linear relationships between new polar-
ity, new absorption energy, and wavelength emphasis on
the significance of changes in solvent composition, par-
ticularly the ratio of chloroform to methanol, in influenc-
ing the absorption characteristics of disperse dye D1. The
graph supposes further exploration of the effects of the
molecular weight of these solvents on new polarity, new
absorption energy, absorption, and wavelength to achieve
a comprehensive understanding of the dye’s behavior in
these solvent mixtures.

Using analogy reasoning, we explore how changes in
polarity correlate with variations in absorption energy and
absorption wavelengths of new azo dyes in single solvent
systems
The notable high absorption energy observed in the mix-
ture of toluene (a non-polar solvent) with disperse dye
D1 has resulted in a hypsochromic shift. This shift is
indicative of a transition towards shorter wavelengths in
the absorption spectrum. The underlying mechanism for
this hypsochromic shift lies in the solvent’s interaction
with the non-bonding electron pairs in the n molecular
orbitals. By assuming these electron pairs, the solvent
influences the electronic transitions within the dye mol-
ecule, causing a shift towards shorter wavelengths.
Conversely, in the case of benzene (also a non-polar
solvent), a typical bathochromic shift is observed with
disperse dye D1. This bathochromic shift signifies a shift
towards longer wavelengths in the absorption spectrum.
The reasons for these bathochromic and hypsochromic
shifts have been elucidated in detail in the correspond-
ing sections of Tables 2 and 4, and 3. Furthermore, these
specific solvent ratios and changes in Gibbs’s formation
energy and enthalpy are hypothesized to have an effect
on absorption spectroscopic properties, absorption
energy, as well as solvent and solute polarity. For these
binary mixtures, the absorption energy has been calcu-
lated, and AEt=0.372 serves as a measure of the energy
changes and polarity associated with these spectral shifts.
This value quantifies the extent of energy change related
to the observed shifts in absorption, wave length pro-
viding a comprehensive understanding of the spectral
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behavior of disperse dye D1 in the presence of toluene
and benzene solvents.

Figure 18 adeptly illustrates the trend of changes in
absorption energy concerning the polarity of non-polar
solvents, namely benzene, toluene, and xylene, when
employed in conjunction with a novel dispersion dye D1.
The observed changes display a linear nature, suggesting
a systematic relationship between the solvents’ polarity
and the absorption energy of the dye.

The absorption energy is accurately modeled based
on the solvents’ polarity, as summarized in the formula
Y = -9.0518X+53.89. This mathematical representation
provides a concise expression of the linear relationship,
enabling predictions of absorption energy changes cor-
responding to alterations in solvent polarity. The model
achieves a high degree of explanatory power, reflected in
the R® value of 0.9396. Additionally, the SE has been cal-
culated and presented, offering insights into the precision
and reliability of the modeled relationship. The data anal-
ysis and processing, conducted through laboratory expe-
rience, resulted in an increased R* value and a decreased
SE value, indicating a decrease in uncertainty observed in
the experimental and laboratory data.

In summary, Fig. 18 not only visually portrays the lin-
ear trend of changes in absorption energy with respect
to the polarity of non-polar solvents but also provides a
quantifiable model that enhances the understanding of
this relationship.

Figure 19 unfolds as a 3-D column graph, offering a
comprehensive investigation into the changes in absorp-
tion, absorption energy, and wavelength of a novel dis-
persion dye DI1. The analysis is centered around the
degree of polarity in non-polar solvents, specifically
benzene, toluene, and xylene. The graph visually abbrevi-
ates the variations in these parameters, providing a clear
and intuitive representation of how they respond to the
polarity of the solvents. The highest absorption energy
of 53.2222 and the lowest polarity of 0.072 correspond
to the non-polar solvent of xylene, whereas the lowest
absorption energy of 52.8493 and the highest polarity of
0.111 are associated with the non-polar solvent of tolu-
ene containing the novel dispersed azo dye D1. Addition-
ally, changes in solvent structure and variations in Gibb’s
energy and enthalpy of formation are assumed to impact
the dye’s absorption properties, particularly absorption
energy, polarity, and wavelength.

Through analogy reasoning, we examine how changes in
polarity correlate with variations in absorption energy and
absorption wavelengths of new azo dyes in dual solvents
with different benzene-xylene ratios

The data presented in Table 9 unveils several notewor-
thy findings regarding the behavior of the novel disper-
sion dye D1 in mixed solvents of benzene and xylene
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at varying ratios. The highest absorption energy value,
reaching 53.0454, is observed in the 1:1 mixture of ben-
zene and xylene, both being non-polar solvents. In con-
trast, the lowest absorption energy value of 52.9472 is
found in the 2:1 mixture of benzene and xylene with the
same dispersion dye. This variation highlights the signifi-
cant impact of changing solvent ratios on the absorption
energy of the dye.

Additionally, the highest polarity value of 0.183 corre-
sponds to a 1:1 mixture of benzene and xylene, while the
lowest polarity value of 0.098 is observed in a 2:1 mix-
ture of the same solvents with dispersion dye D1. These
polarity values reflect the varying degrees of interac-
tion between the dye and the solvents as the benzene
to xylene ratio increases. They elucidate the complex
dynamics within the solution structure and focuses on
the vibrational and screening effects of the environment
on the properties of the absorption spectrum.

The data also includes information about absorption
rates, with the lowest rate of 0.782 found in the 1:1 mix-
ture of benzene and xylene, and the highest rate of 0.904
observed in the 2:1 mixture of the same solvents with
the dispersion dye D1. These absorption rates provide
insights into the efficiency of the dye-solvent interactions.

The absorption energy for binary mixtures, denoted as
AE, is calculated to be 0.093. This calculated value sum-
marizes the overall energy changes associated with the
observed shifts in the absorption spectrum.

In summary, the findings in Table 9 collectively under-
score how alterations in the ratios of benzene and xylene
can significantly influence absorption energy, polarity,
wavelength, and absorption rates of the dispersion dye
D1. These insights contribute to a deeper understand-
ing of the behavior of this dispersion dye in diverse sol-
vent environments. The experimental and statistical data,
along with the analysis and inductive reasoning presented
in the previous tables and figures, have been generalized
to elucidate the effects of changes in the interaction of
various solvent and solute environments on the batho-
chromic and hypsochromic shifts of the new azo disperse
dye.

Figure 20 illustrates the trend of changes in new
absorption energy based on the new polarity of non-
polar solvents, specifically benzene, toluene, and xylene,
with the new dispersion dye D1 at varying ratios. The
graph demonstrates a linear relationship between the
new polarity and new absorption energy. The equation
used to represent this relationship is Y=-1.1749x+52.83,
where Y represents the new absorption energy and x cor-
responds to the new polarity of the solvents. The high R*
value of 0.999 indicates a strong correlation between new
polarity and new absorption energy, underlining the reli-
ability of the relationship depicted in the graph.



Shirali et al. BMC Chemistry (2024) 18:154

The SE, which measures the accuracy of the calculated
values, has been computed and is also shown. These find-
ings provide valuable insights into how changes in the
polarity of non-polar solvents impact the absorption
energy of the new dispersion dye D1, show its behavior
in different solvent compositions. The data analysis and
processing, conducted through laboratory experience,
resulted in an increased R* value and a decreased SE
value, indicating a decrease in uncertainty observed in
the experimental and laboratory data.

Figure 21 shows a comprehensive analysis of the linear
relationships among key parameters—new polarity, new
absorption energy, absorption, and wavelength—and
their dependency on the degree of new polarity in mixed
solvents of benzene and xylene with the new dispersion
dye D1. The graphs within Fig. 21 reveal a systematic and
predictable connection between these parameters and
the evolving polarity of the solvent mixtures.

The highest recorded new polarity value, standing at
0.183, corresponds to the 1:1 mixture of benzene and
xylene with the dispersion dye D1. In contrast, the low-
est new polarity value, measured at 0.098, is associated
with the 2:1 mixture of the same solvents with the same
dye. This distinct polarity gradient underscores the dye’s
sensitivity to variations in the proportion of non-polar
solvents and offers valuable theoretical and experimen-
tal insights into how changes in polarity influence its
absorption properties.

Examining new absorption energy, the highest value of
53.0454 is identified in the 1:1 mixture of benzene and
xylene with the dispersion dye D1. On the other hand, the
lowest new absorption energy value, measuring 52.9472,
is observed in the 2:1 and 3:1 mixture of benzene and
xylene with the same dye. These findings underscore the
significant role played by varying ratios of non-polar sol-
vents in influencing the absorption energy of the disper-
sion dye D1.

The exploration of the potential effects of the molecu-
lar weight of non-polar solvents such as benzene, tolu-
ene, and xylene on new polarity, new absorption energy,
absorption, and wavelength opens avenues for further
understanding the nuanced interactions within these sol-
vent-dye systems.

Analogical reasoning explores how changes in polarity
correlate with variations in absorption energy and
absorption wavelengths of new azo dyes in dual solvents

with different toluene-xylene ratios

The results presented in Table 10 demonstrate significant
insights into the behavior of the novel dispersion dye D1
when exposed to non-polar solvents, specifically tolu-
ene and xylene, across varying ratios. Key findings from
this analysis include: The highest new absorption energy,
recorded at 53.3423, was observed in the 3:1 mixture of
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toluene and xylene with new dispersion dye D1, indicat-
ing the impact of the solvent composition on the dye’s
absorption energy. Conversely, the lowest new absorp-
tion energy was 53.144, occurring in the 4:1 mixture of
toluene (non-polar) and xylene (non-polar) with new
dispersion dye D1, showcasing the variation in absorp-
tion energy under different conditions. New polarity
values exhibited considerable differences, with the high-
est value of 0.234 found in the 4:1 mixture of toluene and
xylene, while the lowest value of 0.078 was present in the
3:1 mixture, underlining the role of solvent ratios in influ-
encing polarity. The wavelength experienced fluctuations,
with the highest wavelength recorded at 538 nm in the
4:1, 2:1 and 1:1 mixture of toluene and xylene with new
dispersion dye D1, while the lowest wavelength, 536 nm,
was observed in the 3:1 mixture. The absorption rate also
varied, with the highest rate of 0.601 associated with the
2:1 mixture of toluene and xylene, and the lowest rate of
0.541 found in the 1:1 mixture, emphasizing the role of
solvent ratios in absorption characteristics. The calcu-
lated absorption energy for binary mixtures, AEt=0.198,
further emphasizes the variations in the behavior of new
dispersion dye D1 when exposed to different ratios of tol-
uene and xylene. These findings offer valuable theoretical
and experimental insights for researchers and profession-
als exploring the interaction between dispersion dyes and
non-polar solvents with novel structures and dielectric
constants. They show new intermolecular interactions,
vibrational effects, and molecular screening, emphasiz-
ing the significance of solvent composition in influencing
spectrum characteristics and color absorption.

Figure 22 presents a graphical analysis of the changes
in new absorption energy exhibited by novel dispersion
dye D1 when exposed to toluene and xylene solvents at
various ratios. The graph reveals a linear relationship,
showcasing the influence of solvent polarity on the dye’s
absorption energy. The equation derived from the data
is as follows: Y=-0.7305x+53.297. However, R*=0.3106
indicates that the correlation between the new absorp-
tion energy and solvent polarity, while linear, is not par-
ticularly strong. The standard error is not provided in
the description, but it may offer additional insights into
the accuracy of the model. This graph provides valuable
information for researchers studying the behavior of
new dispersion dyes in non-polar solvents, such as tolu-
ene and xylene, and highlights the relationship between
solvent polarity and dye absorption energy. The data
analysis and processing, conducted through laboratory
experience, resulted in a decrease in the R? value and an
increase in the SE value, indicating an increase in uncer-
tainty observed in the experimental and laboratory data.

The graph reveals that the highest recorded new polar-
ity value is 0.234, corresponding to the mixture of tolu-
ene and xylene with novel dispersion dye D1 at a 4:1
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ratio. Conversely, the lowest observed new polarity value
is 0.078, associated with the mixture of toluene and
xylene with the same dye and a 3:1 ratio. In terms of new
absorption energy, the highest value is 53.3423, obtained
from toluene solvent with xylene and novel dispersion
dye D1 at a 3:1 ratio. The lowest new absorption energy,
53.144, is related to toluene with xylene and novel disper-
sion dye D1 at a 4:1 ratio. This graph allows researchers
to visualize the relationship between solvent polarity,
new absorption energy, and wavelength changes in non-
polar solvents, toluene and xylene, when exposed to nor-
mal dispersion dye D1 at various ratios. It also suggests
that the molecular weight of these solvents can be a sig-
nificant factor in influencing polarity, absorption energy,
and other properties.

Analogical reasoning investigates how changes in polarity
correlate with variations in absorption energy and
absorption wavelengths of new azo dyes across polar protic,
polar aprotic, and non-polar solvent environments

MW dye D1:337.

In Table 11; Fig. 24, we meticulously examined the
interaction between the statistical components and the
data structure of new disperse dye D1 across various
types of solvent structures. Our analysis involved care-
ful calculations and the presentation of findings through
visual aids and abductive reasoning. The components
analyzed for novel disperse dye D1 included absorp-
tion energy, extinction absorption coefficient, maximum
wavelength, absorption, and molecular weight. This study
delves into the influence of solvent polarity on these
components, revealing a clear and direct relationship
between the quenching absorption coefficient and the
levels of absorption energy, absorption, and molecular
weight in the solvents.

In Fig. 25; Table 11, we examine the results of the
absorption test for new disperse dye D1 in various sol-
vents. Acetonitrile, a polar aprotic solvent with a polar-
ity of 0.46, demonstrates the highest absorption at 1.026
and the highest extinction coefficient at 12,825. Similarly,
DMEF solvent, another polar aprotic solvent with a polar-
ity of 0.386, exhibits the highest absorption of 0.9805 and
the highest extinction coefficient of 12,256.25. Notably,
both acetonitrile and DMF solvents display a noticeable
tendency toward a bathochromic shift. Additionally, they
demonstrate the highest dye aggregation in Fig. 25. In
contrast, hexane and diethyl ether, non-polar solvents
with a polarity of 0.009, present the lowest absorption at
0.08147 and the lowest extinction coefficient at 1,018.375.
These solvents also feature the highest absorption energy
at 56.0617. Similarly, diethyl ether, with a dielectric con-
stant of 40.34, demonstrates the lowest absorption at
0.2315, the lowest extinction coefficient at 2,893.75, and
the highest absorption energy at 55.8427. Hexane and
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diethyl ether solvents exhibit a propensity for a hypso-
chromic shift, resulting in lower absorption. Additionally,
they show the lowest dye aggregation in Fig. 25. Hence,
in theoretical and experimental analysis, the influence
of intermolecular interactions, molecular polarizabil-
ity, vibrational effects, and molecular screening on the
absorption spectrum properties of various solvents can
be elucidated.

Computation of descriptive statistical indices for
experimental data pertaining to the novel dispersed azo dye
Table 12 provides a thorough analysis of statistical cri-
teria computed for the adsorption of the new structure
of azo dye D1. This presentation encompasses vital sta-
tistical parameters: Mean: 53.4998, SE: 0.476670696,
Standard Deviation: 1.507365093 and Confidence Level
(95.0%): 1.078304029.

Moreover, the table functions as a valuable resource,
given a comprehensive reference point for display-
ing additional relevant features derived from statistical
experimental data of the typical azo disperse dye DI.
This statistical information enhances our understanding,
facilitating the interpretation and analysis of the intrinsic
characteristics of the experimental data set in relation to
the azo disperse dye D1.

Table 13 provides a full statistical examination of the
extinction coefficient associated with the novel structure
of azo dye D1. The analysis encompasses essential sta-
tistical parameters: Mean: 8357.9625, SE: 1586.005023,
Standard Deviation: 5015.388253 and Confidence Level
(95.0%): 3587.792623.

This table functions as a robust and comprehensive
reference, presenting crucial features derived from sta-
tistical experimental data pertaining to the extinction
coefficient of the new azo disperse dye D1. Beyond the
basic statistical measures, it serves as a valuable tool for
researchers, enriching our holistic understanding and
facilitating the interpretation and analysis of the inherent
characteristics within the experimental dataset. This sta-
tistical information significantly contributes to develop-
ing a theoretical perspective on the distinctive structure
of azo dye D1.

Table 14 presents a detailed statistical analysis
of absorption rates for the new azo dye D1 struc-
ture. This analysis includes key statistical measures:
Mean: 0.668637, SE: 0.126880402, Standard Deviation:
0.40123106 and Confidence Level (95.0%): 0.28702341.

Additionally, Table 14 functions as a practical and com-
prehensive reference, offering insight into additional rel-
evant features derived from statistical experimental data
pertaining to the new azo disperse dye D1. This statistical
information deepens our understanding and facilitates
the interpretation and analysis of the basic aspects of the
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experimental data set, contributing to a theoretical per-
spective on the new structure of azo dye D1.

Table 15 conducts an in-depth statistical scrutiny of the
maximum wavelength associated with the novel struc-
ture of azo dye D1. The statistical metrics encompass
fundamental measures: Mean: 534.8, SE: 4.715930449,
Standard Deviation: 14.91308151 and Confidence Level
(95.0%): 10.66817584.

Moreover, Table 15 serves as a pragmatic and compre-
hensive reference, providing insights into features derived
from statistical experimental data concerning the maxi-
mum wavelengths of the prevalent azo scattering dye D1.
This statistical information enriches our comprehension,
facilitating the interpretation and analysis of the intrinsic
features within the experimental dataset in connection to
the new structure of azo dye D1. Consequently, it signifi-
cantly contributes to shaping a theoretical perspective.

Table 16 brings an exhaustive statistical analysis of the
polarity associated with diverse solvent structures. Key
statistical metrics encompass: Mean: 0.287888889, SE:
0.091970473, Standard Deviation: 0.275911419 and Con-
fidence Level (95.0%): 0.212084291.

Additionally, Table 16 serves as a pragmatic and com-
prehensive reference, providing insights into features
derived from statistical experimental data related to the
polarity of different types of solvent structures. This sta-
tistical information enhances our understanding, facili-
tating the interpretation and analysis of the intrinsic
characteristics within the experimental datasets concern-
ing various solvent structures. Consequently, it signifi-
cantly contributes to shaping a theoretical perspective.

Table 17 presents a detailed statistical analysis of the
molecular weight of various solvents and the new struc-
ture of disperse azo dye D1. Key statistical measures
include: Mean: 98.74164545, SE: 24.87042184, Standard
Deviation: 82.48585761 and Confidence Level (95.0%):
55.41475316.

Furthermore, Table 17 serves as a practical and com-
prehensive reference, providing insights into properties
derived from the statistical data of the molecular weight
of various solvent structures and the molecular weight of
the new azo dye D1 structure. This statistical information
deepens our understanding and aids in the interpreta-
tion and analysis of the essential attributes of the experi-
mental data sets, pertaining to the molecular weights of
various solvents and the new azo dye D1 structure, con-
tributing to a theoretical perspective.

Conducting t-tests on statistical data concerning absorption
energy, absorption, and wavelength of the novel dispersed
azo dye

Table 18 presents the results of a two-sample t-test,
assuming equal variances, for two separate sets of sta-
tistical data concerning the absorption energy values of
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a solvent mixture with the new structure of new azo dis-
perse dye D1. This analysis includes key statistical factors
such as variance, combined standard deviation, degrees
of freedom (df), t-statistics, and t critical value (one-tail,
two-tail). The absence of a significant statistical discrep-
ancy between the two data series is indicated by the low t
Stat value of -0.867832555 when compared to the t criti-
cal value of (two-tail) 2.10092204. Therefore, there is no
statistically significant difference between the two data
series.

Table 19 displays the outcomes of a two-sample t-test,
assuming equal variances, for two distinct sets of statis-
tical data related to absorption values in different sol-
vent mixtures featuring the new structure of the novel
dispersed azo dye D1. This comprehensive analysis
incorporates essential statistical parameters, including
variance, combined standard deviation, degrees of free-
dom (df), t-statistics, and the t critical (one-tail, two-tail).
The insignificance of statistically discernible differences
between the two data series is evidenced by the low t
Stat of -0.36435 when contrasted with the t critical value
of(two-tail) 2.100922. Consequently, no statistically sig-
nificant disparities are identified between the two data
series.

In Table 20, the outcomes of a two-sample t-test,
assuming equal variances, are presented for two distinct
sets of statistical data relating to the maximum wave-
length values in different solvent mixtures with the new
dispersed azo dye DI1. This analysis encompasses cru-
cial statistical parameters, including variance, combined
standard deviation, degrees of freedom (df), t-statistics,
and the t critical (one-tail, two-tail). The insignificance of
statistically significant differences between the two data
series is evidenced by the low t Stat value of -0.937702593
when compared with the t critical value (two-tail) of
2.10092204. Consequently, there is no statistically signifi-
cant discrepancy between the two data series.

Calculating the statistical errors in experimental data for
novel dispersed azo dye
Table 21 showcases the computation and presenta-
tion of statistical errors, specifically RMSE=0.6655825
and MAPE=1.1040355, for 10 statistical data related to
absorption energy in a solvent mixture with the new dis-
persed dye D1. These error calculations offer a thorough
evaluation of the experimental data, providing valuable
insights into the interaction effects of various solvents
on the new structure of the dispersed azo dye D1. Con-
sequently, this enhances the analysis, interpretation, and
comprehension of the absorption energy data and the
underlying theoretical patterns inherent in the new D1
dye structure.

In Table 22, statistical errors in the form of
RMSE=0.169210812 and MAPE=10.19100671 are
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calculated and presented for ten sets of statistical data
related to the absorption in different solvent mixtures
with the new dispersed dye D1. These error calculations
provide a comprehensive assessment of the experimen-
tal data, enhancing the understanding of the interaction
effects of various solvents on the new structure of the
dispersed azo dye D1. This, in turn, facilitates the analysis
and interpretation of the experimental adsorption data
and a better grasp of the theoretical adsorption relation-
ships and patterns for the new D1 dye structure.

Table 23 presents the calculation and presentation of
statistical errors, specifically RMSE=6.877499546 and
MAPE=1.179161087, for 10 statistical data related to
the maximum wavelength in a solvent mixture with the
new disperse dye D1. These error calculations offer a
thorough assessment of the experimental data, provid-
ing valuable insights into the effects of various solvents
on the new structure of the disperse dye D1. Conse-
quently, this enhances the analysis and interpretation of
the experimental maximum wavelength data, providing a
clearer understanding of the theoretical absorption pat-
terns associated with the new D1 dye structure.

Conclusions

In this paper, we conducted a comprehensive study of a
new D1 disperse dye, 4-nitro-2-cyanoazobenzene-meta-
toluidine (D1), within various polar aprotic polar, protic,
and nonpolar solvents, each with different solvent ratios.
Our investigation encompassed essential components
of the D1 dye structure, including absorption energy,
absorption wavelength, polarity, and other character-
istics when placed in different solvent environments
with diverse structures. To evaluate the impact of sol-
vatochromism on the new structure of azo dye D1, In
our analysis, we utilized statistical methods to calculate
various types of errors, including RMSE=0.6655825 and
MAPE=1.1040355, as well as R>=0.999, t-test= -0.36435,
and other relevant statistical factors. These analyses
facilitated the comparison of experimental data with sta-
tistical and theoretical information. By integrating exper-
imental data, statistical calculations, theoretical insights
and inductive reasoning we gained a deeper understand-
ing and predictive capacity regarding the interaction of
different solvent structures on the novel azo disperse dye
D1. This work contributes to a comprehensive framework
for the photophysical and photochemical examination of
the new D1 dye structure, enhancing our knowledge of
its features.
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